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[bookmark: _Ref32248407]Introduction
The Rel-17 WID for further enhancements on MIMO (FeMIMO) includes the following objective:
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 

This document focuses on PDCCH reliability part. The company proposals are summarized, and offline proposals drafted passed on company contributions. 
Summary of Contributions and Offline Proposals
Overbooking
Discussion is moved to Email.
Inter-Span PDCCH repetition
The following is agreed in GTW:
Agreement
When 3 BDs are counted for two linked candidates 
· The third BD is counted in the later span for inter-span PDCCH repetition when r16monitoringcapablityis configured.
· Note: Inter-span repetition is UE optional

d1,1 for PDSCH mapping Type B
We had the following WA in the last meeting:
Working Assumption
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, d1,1 for PDSCH processing time is determined
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value
· Note: Above applies at least for UEs doing selective decoding
FFS: Relaxation of processing time for soft combining of linked PDCCH candidates including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing, DCI processing (N timeline), etc.
FFS: How above applies for UEs doing soft combining

Summary of views related to this issue is provided below:
· Confirm WA: Huawei/HiSilicon, ZTE, Spreadtrum, Fujitsu, OPPO, Lenovo/MotM, CATT, CMCC, MediaTek, Intel, Nokia/NSB, Qualcomm, Ericsson
· For soft combining: 
· The same WA applies: ZTE, OPPO, Lenovo/MotM, CATT, Intel, Nokia/NSB, Qualcomm, Ericsson
· Add a value to d_1,1: Huawei/HiSilicon
· Consider the number of overlapping symbols from both PDCCH candidates: Spreadtrum, Apple
· Relaxation for all timelines: MediaTek, LG

The main issue to resolve is about soft combining. Majority of companies think additional relaxation is not needed for soft combining. As discussed in the last meeting, if a timeline relaxation is needed, it is not specific to PDSCH mapping Type B. Hence, this discussion does not have to be tied to d1,1 calculation. Furthermore, if a relaxation is needed, UE capability for supporting soft combining and/or RRC configuration of soft combining may be also needed, which has been discussed extensively and not agreed yet. Given these, it may be better to discuss the general issue of soft combining, if needed, as part of UE capability discussions. Hence, the following is proposed:

FL Proposal 3: Confirm the Working assumption in RAN1 #106-e with the following changes:
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, d1,1 for PDSCH processing time is determined
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value
· Note: Above applies at least for UEs doing selective decoding
FFS: Note: The following can be discussed as part of UE capability discussions, if needed: Relaxation of processing time for soft combining of linked PDCCH candidates including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing, DCI processing (N timeline), etc.
FFS: How above applies for UEs doing soft combining

	Company
	Comments

	Apple
	Do not support the proposal. Soft combining is more complicated than selective decoding. If soft combining is used, the two CORESETs can be considered as a big CORESET, and all symbols for this big CORESET can be considered for d1,1 determination.

	LG
	In UE feature session we can further discuss relaxation detail for processing time due to soft combining but it is better to have at least some high level discussion in this AI such as whether relaxation for soft combining is supported and what kind of mechanism is used, etc.. The following is our revision.

If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, d1,1 for PDSCH processing time is determined
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value
· Note: Above applies at least for UEs doing selective decoding
FFS: Note: The following can be further discussed in RAN1 106-bis-e: Relaxation of processing time for soft combining of linked PDCCH candidates including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing, DCI processing (N timeline), etc.


	QC
	Support the proposal.
It is not clear why a relaxation is needed specifically for PDSCH mapping Type B. If companies think a relaxation is needed, it should be a general discussion for all the timelines.

	ZTE
	Support the proposal, and suggest removing the note as we don’t think the relaxation is needed. The UE complexity for soft combining has been considered in BD counter. 

	MediaTek
	Don’t support the proposal. Agree with Apple. We support the proposal from Apple and Spreadtrum which considers overlapping symbols from both candidates.
@ ZTE
If UE reports 2 BDs, UE can perform selection decoding or soft combining (decoding assumptions 1~3). It is up to UE implementation. Thus, UE complexity for soft combining has not been considered in BD counter.

	InterDigital
	Support the proposal.  

	NTT Docomo
	Support 

	NEC
	Support the proposal.

	Lenovo/MotM
	Support the proposal. We prefer not to introduce additional processing time for soft combining on account of not strong motivation with available restriction of existed maximum candidate number and non-overlapping CCE number per slot and large potential standard impact as QC pointed for all the timelines. 

	OPPO
	We support FL proposal.  

	vivo
	Support the proposal in general
Regarding the note, we suggest to delete. Based on our understanding, we do not think limited soft bits combining would increase complexity at UE implementation, which is just a simple operation of addition, where the extra processing time in chipset can be neglected. 


	CMCC
	Support the proposal.  

	Samsung
	We are open to discuss additional processing time.

	Intel
	We are fine with the main proposal but not the note – its unclear how the note will be applied because UE decoding assumption is not made explicit and UE soft-combining complexity is captured as part of BD.

	Nokia/NSB
	Support the proposal. “Note” is not needed as companies can bring such discussions in UE capability without it anyways. 

	Spreadtrum
	Don’t support the proposal. We think more processing time is needed for soft combining.

	Fujitsu
	Support the proposal.

	Ericsson
	Support the proposal

	CATT
	Support the proposal.  

	TCL
	Support the proposal.  We think additional relaxation is not needed for soft combining.

	Sharp
	Support

	Huawei, HiSilicon
	For soft combining, we also think that timeline for DCI decoding will be impacted especially for the case that the linked candidates overlap as many companies pointed out. So a larger d1,1 is supported. 




2.3.1 FL Update
Given the inputs, some companies are open to discuss additional processing time in general for all timelines while others prefer to not to introduce additional processing time for soft combining. Hence, we need to decouple the issue of PDSCH mapping Type B versus the general issue of timeline relaxation for soft combining for more efficient discussions. I will trigger some discussions related to the latter (general issue of timeline relaxation for soft combining) in the next round.

In addition, I would like to check if there is any company who would like to have this relaxation in timeline only for PDSCH mapping Type B (and not other timelines). If so, please provide your justification.

FL Proposal 3: Confirm the Working assumption in RAN1 #106-e with the following changes:
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, d1,1 for PDSCH processing time is determined
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value
· Note: Above applies at least for UEs doing selective decoding
FFS: Note: If relaxation of processing time for soft combining of linked PDCCH candidates (including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing, DCI processing (N timeline), etc.) is agreed, how to relax timeline for PDSCH mapping Type B will be discussed.
FFS: How above applies for UEs doing soft combining
	Company
	Comments

	OPPO
	Support FL proposal 

	Samsung
	Support the FL proposal.

	Apple
	As we commented before, for soft combining, we should count the symbols from both CORESETs. Since such both CORESETs are like a big CORESET. So we do not support this proposal.

	NTT Docomo
	Support 

	Lenovo/MotM
	Support

	Xiaomi
	Support 

	LG
	Support 

	ZTE
	Support FL proposal. Whether/how to introduce new relaxation can be further discussed.

	CMCC
	Support.

	Fraunhofer IIS/HHI
	Support

	vivo
	Support FL’s proposal

	CATT
	Support the proposal.

	Huawei, HiSilicon
	For soft combining, relaxation of processing time is needed. Since for the case that both individual and combining decoding is performed, the processing of such linked candidates is more complicated. 

	MediaTek
	Don’t support the proposal. Agree with Apple and HW. Fine with Apple’s proposal.

	Intel 
	Support FL proposal. In our view processing time relaxation for soft-combining is built into BD count. We don’t know how to specify relaxation for soft-combining in the specifications ?

	FL
	The proposal is supported by majority. Apple, Huawei, and MTK do not support the proposal.
General relaxation of timeline for soft combining will be discussed in the next round as mentioned above, which is not specific to PDSCH with mapping Type B. The proposal is not changed as it has majority support, and the relaxation will be separately discussed.
FL Proposal 3: Confirm the Working assumption in RAN1 #106-e with the following changes:
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, d1,1 for PDSCH processing time is determined
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value
· Note: Above applies at least for UEs doing selective decoding
FFS: Note: If relaxation of processing time for soft combining of linked PDCCH candidates (including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing, DCI processing (N timeline), etc.) is agreed, how to relax timeline for PDSCH mapping Type B will be discussed.
FFS: How above applies for UEs doing soft combining



Determination of two QCL-TypeD
For this issue, the following alternatives were identified in the previous meeting
Agreement
For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple overlapping CORESETs, down-select from the following Alts in RAN1 #106-bis-e:
· Alt1: Identify the two QCL-Type D properties based on legacy priority order.
· Alt2: Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a SS set with the first QCL-TypeD (among the multiple overlapping CORESETs)
· In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
· FFS: The case of no such SS set pair
· Alt3: Assign same priority for two linked search space sets for PDCCH transmission with overlapping monitoring occasions (the priority is according to one of the two SS sets with a lower SS set ID)
· Priority order: SS type (USS/CSS) > linkage of SS sets > cell index > associated SS set ID
· Linked SS set has higher priority than individual SS set
· FFS: The case that the first QCL-TypeD is from unlinked CSS
· FFS: The case of no linked SS sets among the multiple overlapping CORESETs

The views regarding Alts 1-3 are summarized below:
· Alt1 (5): ZTE, OPPO, Nokia/NSB, Convida Wireless
· Alt2 (11): Huawei/HiSilicon, Spreadtrum, Lenovo/MotM, CATT, CMCC, MediaTek, Intel, NTT DOCOMO, Qualcomm
· Alt3 (11): vivo, Lenovo/MotM, TCL, CATT, CMCC, Xiaomi, Apple, LG, ASUSTeK, Ericsson
Alt2 and Alt3 have equal support. From moderator’s perspective, both Alts can work, and both take into account PDCCH repetition. Regarding the FFS’s, there were different views, but most companies think that in the case of no linked SS sets in the overlapping CORESETs (no FDMed PDCCH repetition), determining one QCL-TypeD as in Rel. 15/16 is enough. Hence, it is suggested to focus on Alt2 and Alt3 only, and finalize the details for each. For selection between Alt2 and Alt3, we can check if there is a strong concern with either of them:
FL Proposal 4: For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple overlapping CORESETs
· Alt2: Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a SS set with the first QCL-TypeD (among the multiple overlapping CORESETs)
· In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
· In the case of no such SS set pair, a second QCL-TypeD is not determined
· Alt3: Assign same priority for two linked search space sets for PDCCH transmission with overlapping monitoring occasions (the priority is according to one of the two SS sets with a lower SS set ID)
· Priority order: SS type (USS/CSS) > linkage of SS sets > cell index > associated SS set ID
· Linked SS set has higher priority than individual SS set
· For this purpose, if a SS set is linked to another SS set that is outside of the multiple overlapping CORESETs, it treated as an individual SS set
· When the above results in one QCL-TypeD, a second QCL-TypeD is not determined

Please comment if you have a concern with either Alt2 or Alt3 with the clarifications above. Also, please indicate if both Alt2 and Alt3 are acceptable to you.
	Company
	Comments

	Apple
	OK with the proposal

	LG
	FL’s clarification is fine and we support Alt 3 with lower complexity than Alt 2.

	QC
	We are ok with the update and prefer Alt2, which is more consistence with legacy rule while it also takes into account PDCCH repetition configurations.

	ASUSTeK
	Support FL’s proposal. We share the same view with FL that both Alt2 and Alt3 could work. In our view, one difference between Alt3 and Alt2 is whether to prioritize FDM linked two SS sets. 

In a scenario of determining QCL-TypeD according to USS1, and linked USS2 and USS3, Alt2 results in single QCL-TypeD since USS1 is selected (lower SS ID is prioritized base on legacy rule) while Alt3 results in two QCL-TypeDs since linked USSs (USS2 and USS3) are prioritized. 

Thus, considering prioritizing linked two SS sets, we slightly prefer Alt3.

	ZTE
	Do NOT support FL proposal.  
The benefit of Alt.2 and 3 are still unclear to us. 
In our view, if UE supports two QCL-TypeD, even there is no linked PDCCH with FDM manner in some slots, UE can still use two receive beams. So we don’t agree the update Alt 2 and Alt.3 in which single receive beam is used in slot slots (no FDMed repetition) but two receive beams are used in some other slots(there is FDMed repetition). It is unclear why we have to restrict to one in the case that there is no FDMed repetition.  

We adopt updated Alt.1 as follows
· Alt1: Identify the two QCL-Type D properties based on legacy priority order.
· If UE cannot process the two identified QCL-Type D simultaneously, only the first one is determined. 


	MediaTek
	Prefer Alt 2 because spec impact is minimal.

	InterDigital
	Support FL’s proposal. 

	Xiaomi
	We share the same view with FL that both Alt 2 and Alt 3 can work. Since Alt 3 prioritize FDM linked SS sets, we slightly prefer Alt 3. In addition, as for the last sub-bullet for Alt 3, we slightly prefer to still determine the second QCL Type D based on legacy priority rule.

	NTT Docomo
	Support and prefer alt.2.

	NEC
	Fine with the proposal and prefer Alt 3.

	Lenovo/MotM
	Support FL’s proposal. We also share the same view with FL that both Alt2 and Alt3 could work. If selection between Alt.2 and Alt.3, we slightly prefer Alt.3 since high priority is put for two QCL-TypeD associated with linked search space sets. Furthermore, Alt.3 follows the principle of putting high priority for linked candidates relative to individual candidates, which is supported in majority for the case of overlapping of linked candidates and individual candidates.   

	OPPO
	Not support FL proposal as we share similar view as ZTE. It is not well justified why UE will only use one Rx beam in some slots/spans and use two Rx beam in other slots/spans.

Moreover, if FL proposal 1 (for overbooking) is agreed, one SS set may be dropped but its associated SS se is kept. In this case, there is no motivation to use the two Rx beams corresponding to the associated SS sets. 

	vivo
	Prefer Alt3 slightly.
Since the discussion about this issue was triggered mainly due to introduction of PDCCH repetition, we think the priority of UE reception for PDCCH repetition should be guaranteed firstly.

Regarding Alt2, if the first QCL-TypeD property does not belong to any one of the two QCL-TypeD properties associated with two linked CORESETs for PDCCH repetition, then UE would not receive any PDCCH repetition candidates, which is very serious in FR2. 


	CMCC
	We are ok with the either one Alt and prefer Alt 2.

	Samsung
	We are fine with the FL proposal.

	Intel
	We are not okay to resolve this issue only when SS set pair is configured. We would like to add this proposal:

For a UE supporting reception with two different beams and not configured with PDCCH repetitions and configured with 2 values of CORESETPoolIndex, for determination of two QCL-TypeD properties for multiple overlapping CORESETs, UE applies legacy prioritization rule within each CORESETPooIndex value.
[FL] While I understand the intention, the issues I see with the red text are: a) CORESETPoolIndex with PDCCH repetition is still open (Issue O-2), and b) Determining QCL-TypeD separately per CORESETPoolIndex (irrespective of PDCCH repetition) is not agreed in Rel-16 and may not be discussed in this sub-Agenda, but if it is agreed in another sub-agenda/release, then I think it is reasonable that when combined with PDCCH repetition, still per CORESETPoolIndex value rule should be applied. However, there are too many unknowns for this combination.


	Nokia/NSB
	OK with the majority view to close this issue. Alt.2 is preferred. 

	Spreadtrum
	Fine with FL’s proposal and prefer Alt.2.

	Fujitsu
	Support FL’s proposal. Also, Alt2 is slightly preferred for its simplicity.

	Ericsson
	Type-3 CSS sets will also be supported for PDCCH repetition,  we think it is not covered by Alt.2. 
[FL] In Alt2, we have the following “In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination” which includes the CSSUSS priority as in Rel-15.

A compromise, we propose to merge Alt.2 and Alt.3  with the following modified proposal:

FL Proposal 4 (modified): For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple overlapping CORESETs.  
· Assign same priority for two linked search space sets for PDCCH transmission with overlapping monitoring occasions (the priority is according to one of the two SS sets with a lower SS set ID)
· If one or more pairs of linked CSS exist, select  a pair of  linked CSS sets according to CSS set ID
· Elseif one or more individual CSS exist, select an individual CSS set and a linked FDM USS sets having a same QCL-D as the CSS according to Rel-15 priority rules
· Elseif one or more linked FDM USS sets exist, select a pair of  linked FDM USS sets across all CCs according Rel-15 priority rules
· Elseif select an individual USS set according to Rel-15 priority rules
Note: 
· For this purpose, if a SS set is linked to another SS set that is outside of the multiple overlapping CORESETs, it treated as an individual SS set
· When the above results in one QCL-TypeD, a second QCL-TypeD is not determined
[FL] It seems a bit complicated to me. My suggestion is to focus on existing Alts. 

	CATT
	Support the proposal. The details for Alt3 can be further discussed.
One possible option for Alt3 is that one pair of the linked CSS sets or USS sets is used to determine two QCL-TypeD properties. The second option is that CSS sets with one or two QCL-TypeD properties can be monitored in step 1, and linkage between SS sets is utilized if the number of determined QCL-TypeD properties in step 1 is smaller than two. The motivation of the second option is that CSS sets have higher priority than linkage of SS sets. If there are at most two QCL-TypeD properties for CSS sets, all CSS sets can be monitored. The third option is that reusing legacy priority rule to identify the first QCL-TypeD property, and the second QCL-TypeD property is identified according to the linkage. The third option can be same or different from Alt2.

	Convida
	OK with the proposal.

	TCL
	We prefer Alt3. Regarding the Alt2, if the QCL-Type D properties is determined based on the legacy priority rule, the linked PDCCH may not be monitored. Regarding the Alt3, the two linked search space sets have the same priority as the search space set with lower ID.

	Huawei, HiSilicon
	We are fine with the proposal and prefer Alt 2.



2.4.1 FL Update
Please see some response in the table above marked with “[FL]”.
All companies except ZTE, OPPO and Intel are ok with the proposal. The clarifications above try to simplify Alt2 and Alt3 given that these alternatives and simplifications were supported by majority of companies. From FL’s point of view, we need to make some progress here, which is down-select to Alt2/Alt3. Further selection between these two Alts should also happen in the remaining of this meeting if possible.
FL Proposal 4: For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple overlapping CORESETs, select one Alt in RAN1 #106-bis-e among the following
· Alt2: Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a SS set with the first QCL-TypeD (among the multiple overlapping CORESETs)
· In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
· In the case of no such SS set pair, a second QCL-TypeD is not determined
· Alt3: Assign same priority for two linked search space sets for PDCCH transmission with overlapping monitoring occasions (the priority is according to one of the two SS sets with a lower SS set ID)
· Priority order: SS type (USS/CSS) > linkage of SS sets > cell index > associated SS set ID
· Linked SS set has higher priority than individual SS set
· For this purpose, if a SS set is linked to another SS set that is outside of the multiple overlapping CORESETs, it treated as an individual SS set
· When the above results in one QCL-TypeD, a second QCL-TypeD is not determined

	Company
	Comments

	OPPO
	One question for the proposal
· For both Alt.2 and Alt.3: if FL proposal 1 for overbooking (the version in the email thread) is agreed, one SS set may be dropped but its associated SS set is still kept. In this case, why should UE use the two Rx beams corresponding to the associated SS sets when UE will not receive one of the candidates? According Alt.2 or Alt.3, in this case, UE still should use these two Rx beams for reception.

	Samsung
	Support the FL proposal and prefer Alt3 as the only difference between Alt2 and Alt3 is whether the linkage of SS sets has higher priority or not.

	Apple
	Support Alt3. 
Alt2 has a slightly higher implementation complexity as it requires to compare the priority twice.

	NTT Docomo
	Support the proposal and prefer Alt.2. 
For oppo’s question, that is why we prefer alt.2 for FL proposal 1 so that linked SS sets can be monitored. 

	Lenovo/MotM
	Support the FL proposal and prefer Alt3 since high priority is put for two QCL-TypeD associated with linked search space sets.

	Xiaomi
	Since Alt 3 prioritize FDM linked SS sets, we slightly prefer Alt 3. 

	LG
	Support.

	ZTE
	We have the same question as OPPO. 
Besides, if UE is able to support two receive beams for PDCCH, why does it only identify one beam in some slots.  We still think using Rel-15 rules to identify two TCI states are better and simpler. If UE cannot proceed two TCI simultaneously, UE can just use the first identified one. 

	CMCC
	We are ok with either Alt.

	vivo
	Prefer Alt3 slightly
This issue raised mainly aims to resolve simultaneous reception in case of PDCCH repetition based on FDM, so Alt3 is most practical scheme. If CSS PDCCH candidates have higher priority, CSS can be configured within MO without PDCCH repetition, which is a flexible implementation of gNB. 

In addition, whether UE is capable of simultaneous two beam reception or not should be one of UE features, we suggest one note can be included.
· [bookmark: _Hlk85023963]Note: simultaneous two beam reception for PDCCH repetition is UE optional


	CATT
	Support the proposal.

	Huawei, HiSilicon
	Support the proposal and prefer Alt2. 
For the question of OPPO and ZTE, we proposed to treat the linked candidate together, then the linked SS set would be dropped together in overbooking.
@Samsung, whether the linked candidates has higher priority or not than the individual candidate can be configured by gNB, e.g., via allocating the SS set ID. In that case, more flexibility can be achieved by Alt2. 

	MediaTek
	Support the proposal and prefer Alt2

	Intel
	We still have concerns that we are not considering how this interacts with multi-DCI configuration.

	FL
	Majority of companies support the proposal. OPPO and ZTE should confirm if they are ok. Comments from vivo and Intel are addressed.
@OPPO: Once the two QCL-TypeD are determined, all CORESETs that have one of the two QCL-TypeD will be monitored. Then, in the example you had, the second QCL-TypeD may be still used. Also, QCL-TypeD prioritization is across all CCs (for intra-band CA) while overbooking is only in PCell. So, there may not be one-to-one mapping/relationship for theses two issues.
@ZTE: I think there are different views on this, but most companies view this enhancement related to PDCCH repetition. In other sub-AI, a general rule (irrespective of PDCCH repetition) may be discussed.
@ vivo: It is ok to add the note since it is the common understanding.
@Intel: A note is added to address your concern. 
FL Proposal 4: For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple overlapping CORESETs, select one Alt in RAN1 #106-bis-e among the following
· Alt2: Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a SS set with the first QCL-TypeD (among the multiple overlapping CORESETs)
· In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
· In the case of no such SS set pair, a second QCL-TypeD is not determined
· Alt3: Assign same priority for two linked search space sets for PDCCH transmission with overlapping monitoring occasions (the priority is according to one of the two SS sets with a lower SS set ID)
· Priority order: SS type (USS/CSS) > linkage of SS sets > cell index > associated SS set ID
· Linked SS set has higher priority than individual SS set
· For this purpose, if a SS set is linked to another SS set that is outside of the multiple overlapping CORESETs, it treated as an individual SS set
· When the above results in one QCL-TypeD, a second QCL-TypeD is not determined
· Note 1: simultaneous two beam reception for PDCCH repetition is UE optional
· Note 2: It can be separately discussed whether/how this feature interacts with multi-DCI based mTRP




PDCCH repetition for Type 3 CSS
It was agreed to support Type 3 CSS. Companies brought-up the following issues that may require clarifications related to DCI formats 2_x (for reference, the corresponding box refers to existing spec text in 38.213)
· Rule 1: When DCI format 2_1 is detected in linked PDCCH candidates, for determination of set of symbols that interrupted transmission indication in DCI format 2_1 is applied to, the candidate that starts earlier in time is the reference PDCCH candidate. 
· NTT DOCOMO, Convida Wireless, Qualcomm, ASUSTeK
If a UE detects a DCI format 2_1 in a PDCCH transmitted in a CORESET in a slot, the set of symbols is the last [image: ] symbols prior to the first symbol of the CORESET in the slot where [image: ] is the PDCCH monitoring periodicity provided by the value of monitoringSlotPeriodicityAndOffset, as described in Clause 10.1, [image: ] is the number of symbols per slot, [image: ] is the SCS configuration for a serving cell with mapping to a respective field in the DCI format 2_1, [image: ] is the SCS configuration of the DL BWP where the UE receives the PDCCH with the DCI format 2_1.

· Rule 2: When DCI format 2_4 is detected in linked PDCCH candidates, for the “first symbol of the PDCCH reception providing the DCI format 2_4” on the conditions for applicability / validity of cancelation indication (which is relative to a DCI format that schedules PUSCH/SRS), the candidate that starts earlier in time is the reference PDCCH candidate. 
· NTT DOCOMO, ASUSTeK

· FL Note: This part below is related to DCI format 2_4. For this part, we may also need a reference PDCCH candidate if the DCI that schedules PUSCH/SRS is sent with PDCCH repetition (if needed, it should be the candidate that ends later in time).
An indication by a DCI format 2_4 for a serving cell is applicable to a PUSCH transmission or an SRS transmission on the serving cell. If the PUSCH transmission or the SRS transmission is scheduled by a DCI format, the indication by the DCI format 2_4 is applicable to the PUSCH transmission or SRS transmission only if the last symbol of the PDCCH reception providing the DCI format is earlier than the first symbol of the PDCCH reception providing the DCI format 2_4.
…
If, based on an indication by a DCI format 2_4, a UE cancels a PUSCH transmission or an SRS transmission, the UE does not expect to be scheduled by a second DCI format to transmit a PUSCH or an SRS over symbols that include symbols of the cancelled PUSCH transmission or SRS transmission, where the last symbol of the PDCCH reception providing the second DCI format is later than the first symbol of the PDCCH reception providing the DCI format 2_4.

· Rule 3: When DCI format 2_4 is detected in linked PDCCH candidates, for determination of set of symbols that cancelation indication in DCI format 2_4 is applied to, the candidate that ends later in time is the reference PDCCH candidate 
· Convida Wireless, Qualcomm, ASUSTeK
For the serving cell, the UE determines the first symbol of the  symbols to be the first symbol that is after  from the end of a PDCCH reception where the UE detects the DCI format 2_4, where  is obtained from  for PUSCH processing capability 2 [6, TS 38.214] assuming …

· Rule 4: When the DCI format that triggers a SS set group switching is detected in linked PDCCH candidates, for the switching timeline (P_switch), the candidate that ends later in time is the reference PDCCH candidate: 
· Qualcomm
If a UE is provided by SearchSpaceSwitchTrigger a location of a search space set group switching flag field for a serving cell in a DCI format 2_0, as described in clause 11.1.1; 
-	if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI format 2_0 is 0, the UE starts monitoring PDCCH according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, for the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0
-	if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI format 2_0 is 1, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, for the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0, and the UE sets the timer value to the value provided by searchSpaceSwitchTimer
…
If a UE is not provided SearchSpaceSwitchTrigger for a serving cell,
-	if the UE detects a DCI format by monitoring PDCCH according to a search space set with group index 0, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, for the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format, the UE sets the timer value to the value provided by searchSpaceSwitchTimer if the UE detects a DCI format by monitoring PDCCH in any search space set

· Rule 5: When a DCI format 2_2/2_3 with TPC command is detected in linked PDCCH candidates, to determine whether the TPC command is within the TPC application time window or not, the candidate that ends later in time is the reference PDCCH candidate
· OPPO
· Note: It is already agreed that the PDCCH candidate that ends later in time among the two linked PDCCH candidates is used as a reference for TPC application time window. We can clarify that the agreement also applies TPC command in DCI format 2_x, or rely on the previous agreement if that is the common understanding.
· The corresponding spec text can be found in 38.213 Section 7 (separately for PUSCH/PUCCH/SRS)

Please share you views with respect to the above rules 1-5:
	Company
	Comments

	Apple
	Maybe we can make a general rule as follows:

For mTRP PDCCH,
· For legacy rule on timeline prior to PDCCH, the PDCCH indicates the PDCCH candidate that starts earlier
· For legacy rule on timeline after last symbol of PDCCH, the PDCCH indicates the PDCCH candidate that ends later

	LG
	We are fine with Rule 1-4, in principle. But we are not sure specification change is needed except for Rule 1. For Rule 2-4, “first symbol” (/”last symbol”) in current specification can be interpreted as first symbol of a prior linked candidate (/last symbol of posterior linked candidate) without revision. We can take it as a conclusion if needed.

	QC
	We agree with Apple that for the timeline related issue, a general agreement would be useful so that we do not need separate discussion for any of such rule. 
However, at least for Rule 1 and 3, they are not strictly speaking timeline related issues, but they are about how to determine a set of symbols that the indication in the DCI is applicable for.

	ASUSTeK
	We support rules 1-5. 

	ZTE
	We are fine with Apple’s suggestion which can be used for some other cases that we may miss. 

	MediaTek
	Agree to introduce the general rule suggested by Apple.

	InterDigital
	Support Apple’s proposal. 

	Xiaomi
	We are fine with Apple’s suggestion.

	NTT Docomo
	We are fine with Apple’s suggestion.

	NEC
	Fine with Apple’s suggestion.

	Lenovo/MotM
	We are fine to introduce the general rule suggested by Apple.

	OPPO
	We are fine with Apple’s suggestion. We also suggest to capture these cases for reference so that it can facilitate the editor(s) to decide whether/where/how to make any spec modification. Otherwise, it may be time-consuming for editor(s) to figure out all the modifications. 

	vivo
	Support discussion on rules 1~4.  The scheme about the boundary of TPC window for Rule5 has been agreed in last meeting.
Regarding format 2-1 for PI indication in Rel15, there is one restriction in 38.213 that the UE does not expect to be configured by monitoringSymbolsWithinSlot with more than one PDCCH monitoring occasion for DCI format 2_1 in a slot.
The legacy restriction should be kept, we suggest only FDM based PDCCH repetition is supported for DCI format 2-1.

	CMCC
	Support Apple’s suggestion.

	Samsung
	Support to introduce general rule as Apple suggested.

	Nokia/NSB
	Ok with Apple’s suggestion. 

	Fujitsu
	We are fine with rule 1-5 and also fine with Apple’s suggestion.

	E///
	Support Apple’s suggestion in principle, which we have proposed in the previous meetings.  The time line for PDCCH repetition can be captured in a single place in the spec without repeating it everywhere. 

	CATT
	We are fine with Apple’s suggestion.

	Convida
	We support rule 1-4. 

A general rule could be useful, but also agree with QC that all cases might not be timeline related. After all individual cases have been identified and agreed (almost there!), we could check if a general rule could be formulated.

	TCL
	We are fine with Apple’s suggestion.

	Huawei, HiSilicon
	Fine with Apple’s suggestion. 



2.5.1 FL Update
The discussed in this Section is moved under “Additional issues requiring a reference candidate” as the nature of the issues are common. Companies in general agree with the rules above, and majority of companies believe a general rule would be enough.
@vivo: Type3 CSS with PDCCH repetition is agreed in general in my understanding. Furthermore, it seems legacy rule is still maintained since the legacy rule is with respect to “monitoringSymbolsWithinSlot”, which is defined for a given SS set. The issue under discussion is still relevant if each of the two linked SS sets have one MO as configured in respective “monitoringSymbolsWithinSlot”.
PDCCH repetition for Type 0/0A/1/2 CSS
Discussion is moved to Email.
PDCCH order with PDCCH repetition with different beams
The following was agreed in the last meeting:
· Whether to support PDCCH order transmitted with PDCCH repetitions with different beams triggering CFRA for SpCell, and if it is supported how to determine the QCL assumption for the PDCCH that includes the DCI format 1_0 with RA-RNTI and the corresponding scheduled PDSCH.

The views are summarized below:
· TCI state of the linked SS with lowest ID: ZTE
· TCI state of the candidate that starts earlier: Spreadtrum
· TCI state of CORESET with lower ID: OPPO, Qualcomm
· Indicate in the PDCCH order DCI: Qualcomm
· DCI format 1_0  is also transmitted with PDCCH repetition and with the same TCI states as the PDCCH order: Ericsson
· Not supported: Fraunhofer IIS/HHI, MediaTek, Nokia/NSB

First, note that PDCCH repetition in USS can be used for PDCCH order as CRC is scrambled with  C-RNTI in this case. Second, note that there may be some dependency on the outcome of FL proposal 6. However, irrespective of whether PDCCH repetition is supported for Type 1 CSS or not, DCI format 1_0 with RA-RNTI may be sent in an individual candidate, and the scheduled PDSCH (RAR PDSCH) is not mTRP PDSCH. Hence, for the purpose of discussions in this section, we can assume that each of “DCI format 1_0 with RA-RNTI” and “the corresponding scheduled PDSCH” has only one beam.
FL Proposal 7: When PDCCH order is transmitted with PDCCH repetitions with different beams triggering CFRA for SpCell, for determination of the QCL assumption for the PDCCH that includes the DCI format 1_0 with RA-RNTI and the corresponding scheduled PDSCH
· Alt1: The case above is not supported.
· Alt2: TCI state of the linked SS with lower ID is used
· Alt3: TCI state of the candidate that starts earlier in time is used
· Alt4: TCI state of the CORESET with lower ID is used
· Alt5: An existing reserved bit in the PDCCH order DCI indicates which TCI state is used

	Company
	Comments

	Apple
	We suggest to add another alternative as follows:
· Alt6: The QCL is based on the SSB/CSI-RS associated with the PRACH

	LG
	Support Alt 1.
Even if PDCCH order MTRP repetition is supported, the benefit is unclear because RACH MTRP transmission is not supported in Rel-17. For example, in blockage scenario, even if PDCCH order is transmitted by mTRP and successfully decoded by UE, following RACH may not be successfully decoded since PRACH is transmitted to only one TRP and considering that the STRP can be blocked. It should also be noted that TRP-specific TA was agreed not to be supported in Rel-17 and it has been proposed for Rel-18 UL enhancement from many companies. Therefore, it will be much better to start from scratch in Rel-18 for enhanced UL synch mechanism for mTRP and MPUE.

	QC
	Support Alt5. Why do we need a fixed rule here when DCI can indicate which of the two beams at no cost? The DCI of PDCCH order has already 10 reserved bits:
- Reserved bits – 12 bits for operation in a cell with shared spectrum channel access; otherwise 10 bits

	ASUSTeK
	We think Alt2~6 could work for selecting one beam, and we slightly prefer Alt4.

	Fraunhofer IIS/HHI
	We prefer to either support PDCCH order repetition with the same beam for both the repetitions or not enable repetition at all, with slight preference towards same-beam repetition. We are also okay with both repetitions having QCL based on SSB/CSI-RS associated with the PRACH as in Alt-6 proposed by Apple.

In case of no consensus, Alt-1 (no PDCCH order repetition) may be the default choice.

	ZTE
	We support Alt2 or Alt4 for simplicity.  
Technically, it is better to support PDCCH order repetition. Because C-RNTI is used for PDCCH order transmission, PDCCH other than PDCCH order may also use the same SS. Since PDCCH repetition scheme is implemented by linking two SSs via RRC signaling, if PDCCH repetition feature is not supported for PDCCH order transmission, that means only individual SS with CRNTI can be used for PDCCH order transmission, or linked SS with CRNTI can only be used for PDCCH other than PDCCH order. This is an unnecessary restriction from scheduling perspective. 

	MediaTek
	Support Alt1. 

	InterDigital
	We support Alt1 – this can be discussed in a later release. 

	Xiaomi
	Support Alt 1. And we share the same view as LG that Since Multi-TRP based RACH transmission is not supported in Rel-17, the benefit is not clear. It is better to discuss it in later release.

	NTT Docomo
	Support and prefer Alt.2 or Alt.4.

	NEC
	Prefer Alt 1.

	Lenovo/MotM
	We think Alt.2-6 can work since it can select one beam for determining the QCL assumption for the PDCCH that includes the DCI format 1_0 with RA-RNTI and the corresponding scheduled PDSCH. For Alt.6 suggested by Apple, PRACH occasion is determined by SSB index indicated in PDCCH order in case of CFRA. So one of similar proposal as proposal 6 is: The QCL is based on the SS/PBCH indicated in PDCCH order. 

	OPPO
	We are ok with Alt.1 or Alt.4 

	vivo
	Same view as ASUSTeK

	CMCC
	Support Alt 2 or Alt 4.

	Samsung
	We agree with the issue and also agree that Alt.2 ~ Alt.6 can work for selecting one beam. For the simplicity, we prefer Alt.2 or Alt.4.

	Intel
	Alt-1, we don’t think there is a good solution to specify here without multi-TRP PRACH as LG clarified

	Nokia/NSB
	Support Alt.1

	Spreadtrum
	Support Alt2 or Alt3.

	Fujitsu
	Our first preference is Alt-1 as we do not see a strong need to introduce this feature. If the majority view is to support this, Alt-2 or Alt-4 is preferred.

	E///
	PDCCH order is typically used to trigger a CFRA when a UE’s UL is no longer in sync with the gNB.  In this case, the gNB may not know which beam is better or able to reach to the UE.  Therefore, it seems to make sense that the decision should be made by the UE based on from which TRP the DCI is detected and indicates that by transmitting a PRACH toward the TRP.  When the PRACH is received at the TRP, the PDCCH scheduling the RACH response and the PDSCH carrying the same RACH response are sent to the UE from the that TRP. If the UE detected the DCI in both the linked candidates, the UE sends a PRACH to one of the associated TRPs and gNB sends the corresponding PDCCH the PDCCH scheduling the RACH response and the PDSCH carrying the RACH response to the UE from the same TRP. 

Therefore, we propose  and support another alternative below:
Alt.6:  UE should expect that the DCI 1_0 with RA-RNTI and the corresponding scheduled PDSCH can be associated with either one of the two TCI states. 

	CATT
	Support Alt1.

	Convida
	Support Alt 1. LG had a good comment.

	TCL
	Support Alt 2 or Alt 4 for simplicity.

	Huawei, HiSilicon
	Support Alt 1. This may not be an essential issue for this feature.



2.7.1 FL Update
It may better to first discuss if this case (PDCCH order is transmitted with PDCCH repetitions with different beams) is supported or not. The views are summarized below:
· Support: Apple, QC, ASUSTeK, ZTE, NTT Docomo, Lenovo/MotM, vivo, CMCC, Spreadtrum, E///, TCL
· Not support: LG, Fraunhofer IIS/HHI, MediaTek, InterDigital, Xiaomi, NEC, Samsung, Nokia/NSB, Fujitsu, CATT, Convida, Huawei/HiSilicon, OPPO

LG’s point seems to be valid to me. On the other hand, Ericsson’s suggestion is one way to address the issue mentioned by LG, which is that UE can select which beam (based on PDCCH reception). This may be doable if network is made aware of UE’s choice, which can be through PRACH. For this purpose, some discussions may be needed if legacy procedures are enough or two PRACH occasions should be defined, and UE selects one of the PRACH occasions (note that based on existing spec SSB index that determines the associated PRACH occasion is indicated in the PDCCH order). This aspect may require more discussions. If the views are not converged after the next round of discussions, I would suggest concluding that this case is not supported.
· Q1: Do you agree with issue mentioned by LG (the benefit of Alts 2-6 is unclear as RACH may not be successfully decoded anyway since we do not have PRACH repetition)?
· Q2: Do you think the solution mentioned by Ericsson can address the issue (UE selects one of the two beams)?
· Q3: How gNB is made aware of UE’s choice? Are legacy procedures enough for this purpose?

	Company
	Comments

	OPPO
	Q1: agree
Q2: Some questions for clarification: 
· Do gNB blind detect the PRACH at both TRPs? 
· Any other impact on UE behavior or spec? 

	Samsung
	Actually we are supportive of this issue. Our preference is either Alt.2 or Alt.4.
Q1. Although we agree that PRACH can be a bottleneck due to only a single transmission, since we agreed that USS and type 3 CSS are used for PDCCH repetition, there is no reason why PDCCH order should not be repetitive. 
Q2. It can be a solution but require a certain gNB implementation.
Q3. Although a gNB cannot know the exact UE’s choice, the gNB can decode twice by using different TCI states at each TRP.

	Apple
	Q1: No. link budge for PRACH should be better than other channels.
Q2: No. This means UE would implement two beams
Q3: I think the only way is to assume UE would enable both Rx beams.

	Lenovo/MotM
	Q1: Not fully agree since linked budget may be different for different channels on account of different channel design and performance requirement. Anyway, enhanced scheme with repetition can improve reliability for PDCCH order.  
Q2: Some alignment on UE selected beams is required between gNB and UE. Also it has impact on UE realization on account of two possible beams. 
Q3: Similar view as Samsung and Apple, decoding twice is one possible scheme.

	Xiaomi
	Q1: agree
Q2: we are confused that if UE decode the DCI of one TRP successfully, how can it indicate that by transmitting a PRACH toward the TRP? Does it mean by blind decoding of preamble in the dedicated PRACH resource by two TRPs?

	LG
	Q1: agree, it is true that link budget for PRACH is better than other channel, but PRACH cannot be successfully decoded in case of strong blockage.
Q2: It can be a solution but it has an impact on UE implementation and gNB implementation. Specifically, UE needs to select one of the two beams and gNB needs to perform blind decoding twice. This RACH implementation impact is beyond the scope of this AI only considering PDCCH/PUSCH/PUCCH enhancement. Given that majority companies consider RACH repetition enhancement in Rel-18, it is better to discuss PDCCH order repetition in further release. 

	ZTE
	Q1: No. PRACH is more robust than other signals.
Q2: No. The QCL should be aligned between gNB and UE side
Q3: Alt 2 or Alt 4 can be used to solve the issue as we did before

	Fraunhofer IIS/HHI
	Q1: Yes
Q2 & Q3: Ericsson’s solution can partly address the issue. There are further details that are not clear in this solution such as how the selection is made aware to the gNB, potential PRACH repetition, PRACH decoding at the gNB, etc. which increase the specification impact, implementation complexity and/or are out of scope.

	vivo
	· For Q1:  agree with LG

· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]For Q2: Maybe the solution from ERICSSON cannot be valid in some case, since that blockage we are discussing in Rel17 is randomly generated. For instance, there is no blockage during time that UE decodes PDCCH while one blockage may appear during time UE transmits RACH. Furthermore, the solution brakes the legacy behavior. Based on current spec, UE transmits RO based on indication in the PDCCH order which should be still reused in case of PDCCH order repetition. If this Tx beam is blockaded in a short time, UE can transmit Msg1 again in later time to avoid blockage. 

· For Q3: we think legacy procedures is enough and prefer Alt1 at present.

	CATT
	Q1: Agree.
Q2: How UE indicates its decision by transmitting a PRACH toward the TRP needs further clarification.

	Huawei, HiSilicon
	Q1: Agree.
Q2: Not fully convinced this can resolve the issue. If the UE is configured with multi-TRP PUSCH, then gNB could estimate from PUSCH transmission which beam is better for the UE, so there’s no problem for the PRACH. If the UE is configured with single-TRP PUSCH, then apparently the out-sync occurs to one TRP, and gNB is able to indicate the UE to use the beam to the serving TRP or another TRP, based on the reason of out-of-sync in uplink by estimating the signal strength and TA.

	MediaTek
	Q1: Agree
Q2: It may resolve the issue but we think the PRACH transmission should be separately discussed. And we believe it is out of scope of this AI. 
We still prefer Alt 1. 

	Intel
	Q1. Yes
Q2. Not really – there is a good probability that either UE cannot detect the better DL TRP or the UL/DL blockage is not perfectly reciprocal.
Q3: We don’t know, we think some specification work may be needed here.

	FL
	Majority of companies agree with the issue mentioned by LG, but the views are divided whether leaving the selection of beam to UE can help w/o some changes. From FL’s perspective, this issue may not be critical. Hence, I suggest the following:
Proposed conclusion: PDCCH order with PDCCH repetitions with different beams triggering CFRA for SpCell is not supported in Rel-17.


 
Remaining issues related to overlap between candidates
For the case that one linked candidate overlaps (same CORESET, DCI size, CCEs, scrambling) with an individual candidate, the following was agreed in the last meeting:

Agreement
When one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate). 
· Whether the individual candidate is monitored or not is determined by a UE capability 
· FFS (In UE feature session): The details including reusing the reported number of BDs for this purpose, or relation to reported number of BDs
· In both cases, the individual candidate is not counted toward the BD limit.
· UE capability for max number of such overlaps is introduced 
· FFS: Value of 0 is included as a candidate value for the UE capability
· The details to be discussed as part of UE capability discussions
· FFS: When the individual candidate is monitored, the scenario where the other linked candidate is also “overlapping” (same CORESET, DCI size, CCEs, scrambling) with a second individual candidate

For the aspects related to UE capability, it is already agreed to discuss the details in UE feature session. There are still some remaining issues other than UE capability aspects:
· Issue 1: When the individual candidate is monitored, the scenario where the other linked candidate is also “overlapping” (same CORESET, DCI size, CCEs, scrambling) with a second individual candidate
· Alt1: UE does not expect such configuration: FUTUREWEI, NEC
· Alt2: UE does not expect to decode two different DCI payloads: Qualcomm
· Alt3: Supported w/o additional restrictions: MediaTek, Intel
· Issue 2: When the individual candidate is for DCI format 2_0 (SFI): Interpret based on Rel. 15 PDCCH rules: 
· Huawei/HiSilicon: The text and Figured is from [1]:
As agreed, the detected DCI is interpreted based on Rel-17 PDCCH repetition rule. However, as shown in Figure 4, if the overlapping DCI is of format 2_0, there would be problem. In R15/16, DCI format 2_0 should be allocated within the first 3 OFDM symbols in a slot. If the linked candidate is not within the first three symbols, as shown in the right figure of figure 4, the limitation on allocation of DCI format 2_0 in current spec will be broken.
[image: ]
Figure 4. Interpretation of DCI format 2_0 regarding to the limitation that it’s within the first three symbols of a slot

· Issue 3: One linked candidate overlaps with a different linked candidate:
· Alt1: For 2BDs, do not count the one in higher SS set ID, but monitor both: Huawei/HiSilicon
· Alt2: UE does not expect such configuration: Qualcomm: The text and Figure is from [26]
the scenario that two different linked candidates are overlapping (same CORESET, DCI size, CCEs, scrambling) has not been discussed. This case is illustrated in Figure 1. 
[image: ]
Figure 1: Ambiguity issue when two different linked candidates overlap.
As there is no way for the UE to distinguish between PDCCH candidate 1 and PDCCH candidate 3, if a DCI is detected using any of the two candidates, there would be the following ambiguity issue:
· If the UE assumes that the detected DCI is detected in PDCCH candidate 1, the DCI is interpreted based on the reference candidate among PDCCH candidate 1 and 2 (e.g. wrt PRI, DAI, timelines, etc.).
· If the UE assumes that the detected DCI is detected in PDCCH candidate 3, the DCI is interpreted based on the reference candidate among PDCCH candidate 3 and 4 (e.g. wrt PRI, DAI, timelines, etc.).

Please share you views with respect to the above Issues 1-3, and if issue requires discussions, please indicate your preference among Alts listed above or other alternatives.
	Company
	Comments

	Apple
	For issue 1, we think this is covered by previous agreement.

For issue 2, we failed to see this is a problem. The outcome seems to be the same for different interpretations.

For issue 3, support Alt2

	LG
	For issue 1, we fail to find issue. We have an agreement for the case where one of linked candidate is overlapped with individual candidate and from our understanding it can be applied to first overlapped individual candidate and second overlapped individual candidate separately. It seems better to clarify what issue is, first.

For issue 2, we see the point and would like to hear other companies view.

For issue 3, support Alt 2. 

	QC
	Issue 1: We would like to mention a similar issue. Let’s assume that we do not have the overlapping individual candidates. Can the UE expect to decode two different DCI payloads in the two linked candidates?

Issue 2: Issue is not clear. It would be good if supporting companies clarify what is exactly broken.

Issue 3: Support Alt2. We do not think Alt1 is addressing this issue, which is related to ambiguity of a detected DCI. 

	ASUSTeK
	Issue1: support Alt1
Issue2: We’re not sure whether the issue is timeline aspect of DCI format 2_0 when using Rel-17 rule of reference PDCCH candidate? Maybe proponents could further clarify the issue.
Issue3: support Alt2

	MediaTek
	Issue 1: We don’t see any issue. Agree with Apple and LG.
@ QC 
Why do two linked candidates have two different DCI payloads? Isn’t it PDCCH repetition? Could you please clarify more?

Issue 2: Share the same view with QC. What is an issue here?

Issue 3: Support Alt2

	InterDigital
	Issue 1: this is already covered by existing agreements.
Issue2: one of the linked candidates falls within the first 3 OFDM symbols, so there does not seem to be an issue.
Issue3: support Alt2.

Regarding the case when a linked candidate overlaps with an unlinked candidate, we think the performance can be further improved by introducing a rule to prioritize decoding of the linked candidate that does not overlap with an unlinked candidate as mentioned in our contribution. 

	Xiaomi
	Issue 1: already covered by the existing agreement
Issue 2: it is not clear about the problem.
Issue 3: support Alt 2

	NTT Docomo
	Issue1,2: we fail to see the issue.
Issue3: we think this issue is similar as one of the linked candidates is overlapped with an individual candidate. Similar solution can be used that whether both candidates are monitored or not is determined by a UE capability, and a rule can be defined to clarify the interpretation of DCI.
[FL] While rules to avoid the ambiguity can be defined in theory, it seems majority of companies do not see the value. For the case of “one of the linked candidates is overlapped with an individual candidate”, the use case was more related to switching between sTRP and mTRP with reusing BD/CCE budget.  

	NEC
	Issue 1: support Alt 1. in our understanding, individual candidate overlaps with one of the linked candidates is to “break” the linkage for repetition, in other words, if a DCI is transmitted on individual candidate, there will be no linkage for repetition, and on the other one of the linked candidates (not overlapped), either none or another one DCI can be transmitted. So, there is no need of both two linked candidates overlap with two individual candidates. And we have agreed UE capability for max number of such overlaps, both linked candidates overlap with two individual candidates may cost the max number without benefit.
Issue 2: we are fine with Huawei’s proposal. And regarding the issue, DCI with BWP switching is also within first 3 symbols, so if Issue 2 is agreed, DCI indicating BWP switching should also be considered.
Issue 3: support Alt 2.

	Lenovo/MotM
	Issue 1: this is already covered by existing agreement
Issue 2: more clarification is preferred
Issue 3: support Alt2

	OPPO
	Issue 1: we share the same view as many companies that it is covered by previous agreement
Issue 2: we are open to discuss this issue. 
Issue 3: Support Alt.2

	vivo
	· Issue 1:  support Alt1.  
Furthermore, in order to achieve better performance of individual candidate in case UE reports the capability of individual candidate monitoring with ‘not monitor’ which means UE only execute individual monitoring in first PDCCH repetition candidate, it is expected the first PDCCH repetition candidate is associated with the earlier PDCCH candidate in time or lower SS ID when only one individual candidate can be configured overlapping with one of PDCCH repetition candidates.

· Issue2: Issue2 is similar to the discussion of another issue about individual candidates with CSS overlapping PDCCH repetition candidate. Based on the email discussion before, gNB can avoid this ambiguity between CSS priority and PDCCH repetition by implementation e.g. do not configure this special case. 
We think Issue2 can be avoid also by implementation. 

Another option is to relax the restriction on DCI format 2-0 allocated first 3 symbols. In Rel-17, PDCCH repetition transmission is introduced to improve the reliability of PDCCH reception, especially in FR2 to cope with blockage. Given that some UEs cannot support two different beams reception simultaneously, only TDM based PDCCH repetition transmission is configured for these UEs. If two TDM based PDCCH repetition candidates are confined within first three symbols, there are four possible configurations as following that two CORESETs with some special durations in number of symbols cannot be configured by gNB which is too restrictive and not flexible for NW implementation. 
a) one CORESET with 3 symbol and another CORESET with 1 symbol
b) one CORESET with 3 symbol and another CORESET with 2 symbol
c) one CORESET with 3 symbol and another CORESET with 3 symbol
d) one CORESET with 2 symbol and another CORESET with 2 symbol

 Do all of companies think it is ok that these four configurations cannot be supported in real NW?

· Issue3: support Alt2 to simplify UE decoding


	CMCC
	Issue 1: we don’t see the issue. It is already covered by previous agreements.
Issue 2: we are not clear about the issue.
Issue 3: support Alt 2.

	Samsung
	Issue 1: We also think that it can be handled the previous agreement as many companies thought.
Issue 2: We failed to see the issue.
Issue 3: Support Alt.2.

	Intel
	Issue 1: We don’t think additional agreement is needed
Issue 2: We think Huawei is pointing out a valid issue that an individual candidate (overlapped with a linked candidate) transmitting DCI format 2_0 becomes invalid due to time-line delay based on the reference linked candidate that comes in later than 3 symbols.
Issue 3: Alt2

	Nokia/NSB
	Issue 1: No need new agreement on this. 
Issue 2: There is no issue. 
Issue 3: Ok with Alt.2. This is anyways a corner case that may never arise in practice to our reading. 

	QC2
	@MediaTek: To answer your question on issue 1, we think network should not transmit two different payloads in two linked candidates (irrespective of the issue of overlap or not). It is ok for UE to monitor both individual candidates in the case of overlap (when UE indicates the capability), but UE should not be expected to decode two different DCI payloads.

	Fujitsu
	Issue 1: Same view as the majority. It is covered by previous agreement.
Issue 2: Further clarification is needed.
Issue 3: Support Alt-2.

	E///
	Issue 1:  Alt.2 seems to make sense as based on the previous agreement below, only one DCI  can be carried in the two candidates, belonging either to an individual SS set or linked SS sets.

· Option 1: UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate)
· 
Issue 2:  this is the same as for dynamic BWP switching, it can be restricted to the 1st 3 OFDM symbols.
Issue 3: support Alt.2.

	CATT
	Issue 1: The previous agreement can also be applied.
Issue 3: Support Alt2.

	TCL
	Issue 1: We don’t see any issue and we think it can be covered by the previous agreement.
Issue 2: We are open to discuss this issue.
Issue 3: Support Alt.2.

	Huawei, HiSilicon
	Issue 1: we would like to clarify that if UE supports this feature, it would mean that UE does individual decoding on each of the linked candidates. With this understanding, it would be fine to monitor both for 2BDs (2 individual decodings), but for 3BDs (soft-combining) the capability reporting as agreed earlier would also apply to this case.

Issue 2: We are proposing to not touch the behavior of DCI format 2_0 to avoid any potential problems, due to the reason below.
In R15, it was agreed that DCI format 2_0 is restricted within first 3 symbols to obtain slot format sooner (within the same slot of SFI), which is beneficial for UE to perform the corresponding operation, i.e., UL transmission/DL reception, the cancellation of UL transmission/DL reception due to collision with slot format.
Agreements (RAN1#90bis):
· GC-PDCCH for dynamic SFI monitoring
· For same cell GC-PDCCH monitoring: UE is required to monitor at most one GC-PDCCH per spatial QCL per configuration period carrying dynamic SFI in the active BWP in the cell
· The coreset(s) is located in the first 1/2/3 symbols in a slot
· Configuration of GC-PDCCH for UE to monitor is FFS especially considering interaction with BWP configuration
· Note: This is not intended to address the case of multi-TRP which is deprioritized before Dec. 
· When configuring the GC-PDCCH monitoring for dynamic SFI, the gNB will configure the payload length 
· When configuring the GC PDCCH monitoring for dynamic SFI for a serving cell, the gNB will configure the location of the bits used for the dynamic SFI in the payload


If the DCI format 2_0 is overlapped with one of a linked candidates, then if it’s interpreted with Rel-17 PDCCH repetition rule, the above Rel-15 rule will be broken as illustrated below. 
[image: ]

Issue 3: we think that when selective decoding without soft combining is performed, UE is able to monitor both. Regarding the ambiguity pointed out by QC, a simple rule can be used such as using the later candidate in time domain as the reference candidate. So we propose that for the UE reports 2 BDs and reports the support of monitoring the individual candidate, it can support this case. 
[FL] Please see response to Docomo. Also, “using the later candidate in time domain as the reference” may not always work when the candidates end at the same time (while ambiguity can still occur for various rules).

	MediaTek2
	@QC
For issue1, thanks for the clarification of the proposal. For the restriction of different payloads, we also think gNB shouldn’t misuse this. It is better to make a general agreement not only for this overlapping case. 



2.8.1 FL Update
Most companies do not see the need to discuss Issue 1 or Issue 2, while majority of companies prefer Alt2 for Issue 3. The following FL proposal can be considered for Issue 3:
FL Proposal 8: For two pairs of linked PDCCH candidates, UE does not expect a first PDCCH candidate from the first pair of linked candidates to overlap (same CORESET, DCI size, CCEs, scrambling) with a second PDCCH candidate from the second pair of linked candidates.
	Company
	Comments

	OPPO
	Support

	Samsung
	Support the FL proposal.

	Apple
	Support

	NTT Docomo
	Support 

	Lenovo/MotM
	Support

	Xiaomi
	Support 

	LG
	Support

	ZTE
	OK 

	CMCC
	Support.

	Fraunhofer IIS/HHI
	Support

	vivo
	Support FL’s proposal

	CATT
	Support.

	Huawei, HiSilicon
	Don’t support the proposal. As we comment before, this case can be supported if UE can perform selective decoding (2BD with capability of decoding the individual candidate overlapped with one of the linked candidates), we don’t see the reason to preclude the cases. As SS sets may be configured with different periodicities, it’s very hard to avoid a potential collision of linked candidates.

	MediaTek
	Support

	Intel
	we think decoding itself should be fine as Huawei mentions, the issue is about specification impact to resolve time-line issues. Probably better to preclude this as this becomes similar to case-c1 in next section.

	FL
	All companies except Huawei support the proposal. 
@ Huawei: As mentioned by Intel and as I clarified before, it is true that the issue can be addressed by some rules to avoid the ambiguity, but most companies see that as a corner case that can be avoided by network. Given the number of pending issues, I suggest going with the simple approach for this issue.
FL Proposal 8: For two pairs of linked PDCCH candidates, UE does not expect a first PDCCH candidate from the first pair of linked candidates to overlap (same CORESET, DCI size, CCEs, scrambling) with a second PDCCH candidate from the second pair of linked candidates.



Ambiguity issue between AL8 and AL16
Three companies (vivo, Samsung, Qualcomm) pointed out this issue. This case is different than the issue discussed in Section 2.8 in the sense that both BDs are counted since the CCEs are not the same, but the two issues are similar with respect to the ambiguity that they can cause for interpretation of a detected DCI.  This ambiguity issue is due to polar code design and already exists in Rel. 15:
If a UE monitors PDCCH candidates of aggregation levels 8 and 16 with the same starting CCE index in non-interleaved CORESET spanning one OFDM symbol and if a detected PDCCH scheduling the PDSCH has aggregation level 8, the resources corresponding to the aggregation level 16 PDCCH candidate are not available for the PDSCH.

However, unlike Rel. 15 (where the issue is only limited to rate matching around scheduling DCI), the ambiguity issue above can happen in many other cases (basically, all procedures that are a function of reference PDCCH candidate among the two linked candidates). The following is from [vivo, 6] for illustration of different cases when the issue can happen:



                                     
a)                                                    b)                                                                c)

Please share you views regarding the issue above and your preferred solution to avoid the ambiguity issue.
	Company
	Comments

	Apple
	For linked SS sets, it seems we have agreed that they should have the same ALs, then only case c) needs to be discussed. But for case c), if AL8 is decoded, rate matching would be based on AL16, what would be the potential ambiguity.
[FL] AL8 candidate and AL16 candidate are not linked but they are linked with other candidates. The issue is ambiguity since UE cannot distinguish if a detected DCI is AL8 or AL16 due to polar code design.

	LG
	For Figure c, there seem no ambiguity issue on reference candidate since reference is the same for two pairs. Is it about rate matching issue?
[FL] Issue c can be more complicated than shown above as mentioned by QC.

	QC
	We agree with the issue, and suggest to consider the same solution as the one for the issue in Section 2.8: For case a) and case b), DCI is interpreted based on Rel-17 rules. For Case c), it is an error case.
Also, we would like to point out that case c) can be more complicated than shown above (see the Figure below), which results in ambiguity, and the rule to void the ambiguity will not be very simple. We prefer to avoid further complicated rules for PDCCH repetition.
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	MediaTek
	It seems this issue should be addressed. We are open to discuss this.

	NTT Docomo
	Support to further discuss.

	NEC
	Open to discuss.

	OPPO
	We are not sure whether there are issues or not for all the three cases.  
For case a),
· the interpretation of linked candidates and the associated scheduling are always based on AL16
· the interpretation of individual candidate and the associated scheduling are based on AL16 (Rel-15 spec)
· Thus, there seems no issue
For case b)
· the interpretation of linked candidates and the associated scheduling are always based on AL8
· the interpretation of individual candidate and the associated scheduling are based on AL16 (Rel-15 spec)
· Thus, there seems no issue
Having said that, we are open to discuss this topic and check whether there are some issues.
[FL] The issue is that UE may not distinguish if detected DCI is AL8 candidate or AL16 candidate (the first 8 CCEs of a AL16 candidate appear as a AL8 candidate to the UE due to polar code design).

	vivo
	@ LG,  For case c), even though two linked PDCCH repetition candidates with AL8 and AL16 are configured, however, two CORESETs associated with different monitoring occasion may have different duration value (in current spec, only CORESET with one symbols is considered). UE may justify the real AL value by PDCCH decoding in some cases rather than adopting conservative determination, e.g. UE supports individual monitoring. So this case should be analyzed. 

In order to resolve the ambiguity, we propose to study the following schemes as start point. For example:
· Option1:  UE only assume one AL (e.g. AL8 or AL16) for these three cases
· Option2:  UE assumes only PDCCH with repetition configuration is transmitted
· Option3:  UE performs PDSCH rate matching based on all PDCCH repetitions with AL8 and AL16 
FFS: BD count impact.

Option1 and Option2 do not consider which assumed REs is not for PDSCH, since both options are confirmed based on the specified assumption.

	Samsung
	Support to discuss this issue. The main motivation of this issue is that there is a possibility that the starting CCE index of AL8 PDCCH candidate and AL16 PDCCH candidate is same in the first search space but different in the second search space. It is because that different CORESET ID after modulo-3 operation results in different starting CCE index.
Hence, at least rate matching (whether to rate match around a union of AL8 and AL16 although their starting CCE is different) and PUCCH resource determination (since the starting CCE can be different, although we already agreed that PUCCH resource determination is based on the lowest SS set ID, it should be clarified which candidate is a reference when both AL8 and AL16 candidates are configured in two linked SS set) should be discussed.

@QC: we think that an issue 3 in 2.8 is between two linked SS sets (e.g., between {SS#1-SS#2} and {SS#3-SS#4} where {SS#a-SS#b} means SS#a and SS#b are linked) but the issue in 2.9 is not only for between two linked SS sets but also for between candidates within linked SS sets (e.g., within SS#1-SS#2, the candidate configuration includes both AL8 candidate and AL16 candidate).

	Nokia/NSB
	We do not really see the issue here. The issue in Rel-15 was with PDSCH rate matching. For decoding, it was not considered as an issue. 

PDCCH repetition can start with decoding AL8 assumption first, where both linked candidates are AL8. Then, the UE can consider AL16. For both linked candidates. For rate matching same Rel-15 method applied (assume AL16).  
[FL] Please see response to Apple/OPPO.  

	QC2
	@Samsung: How is it possible that two linked SS sets overlap with each other in time and are associated with the same CORESET? In this case, two linked candidates are exactly the same. Why network configures this way? If it does, there would be even bigger issues compared to the issue of AL8 and AL16.

	Fujitsu
	This is a valid issue and open to further discuss.

	E///
	For cases a) and b), based the previous agreement DCI is interpreted based on Rel-17 rules,  there should not be any timeline issue. 
[FL] In the previous agreements, we only discussed the case that CCEs are the same (and everything else is also the same, hence one BD is not counted. This issue is the different (CCEs are not the same, and separate BDs are counted) while the ambiguity issue is similar. 

For case c), we are open to discuss the issues and possible restrictions.

	CATT
	This issue can be discussed after issues in section 2.8 are solved.

	TCL
	We are fine to further discuss.


2.9.1 FL Update
Please see some response in the table above marked with “[FL]”.
Please note that Case c above contains two different cases (c1 and c2). Cases a, b, c1, c2 are explained below to avoid confusion:
· Case a: SS sets 1 and 2 are linked, and SS set 3 is individual: 
· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2
· SS set 3 has a AL8 candidate with the same start CCE as the AL16 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)
· Case b: SS sets 1 and 2 are linked, and SS set 3 is individual: 
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2
· SS set 3 has a AL16 candidate with the same start CCE as the AL8 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)
· Case c1: SS sets 1 and 2 are linked, and SS set 3 and 4 are linked
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2
· AL16 candidate in SS set 3 is linked with AL16 candidate in SS set 4
· AL8 candidate in SS set 1 has the same start CCE as the AL16 candidate in SS set 3 (associated with a same CORESET with 1-symbol duration)
· Case c2: SS sets 1 and 2 are linked: 
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2, 
· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2
· AL8 candidate and AL16 candidate in at least one of the SS sets have the same start CCE (in a CORESET with 1-symbol duration)

Furthermore, please note that the ambiguity here is not just for rate matching. For any rule that requires a reference candidate (timeline, PRI, DAI, reference for SLIV for PDSCH mapping Type B, when TCI field is not present, etc.) the same ambiguity issue exists. In other words, the issue is more severe compared to Rel-15 since in Rel-15 the only case that ambiguity could happen was for the rate matching around the scheduling DCI. 
Please share your view about cases above and possible solutions:
	Company
	Comments

	OPPO
	We understand the motivation that “UE may not distinguish if detected DCI is AL8 candidate or AL16 candidate (the first 8 CCEs of a AL16 candidate appear as a AL8 candidate to the UE due to polar code design)”. 

However, we are still not sure whether there are issues for all the cases or not. Could the proponent(s) clarify whether something wrong in following understanding?
· Case a:
· For the linked candidates: AL16 is the only choice.
· For the individual candidate: AL16 is assumed according to R15 spec
· Thus, there seems no ambiguity in this case.
· Case b:
· This case is related to the understanding on the monitoring of linked candidates and individual candidate.
· According to the agreement of the last meeting, a UE may monitor both the linked candidates and individual candidate (up to UE capability).
· If UE can differentiate the detected DCI via CRC (the contents of DCI are different for linked candidate PDCCH and individual candidate), AL8 is assumed for the DCI detected from linked candidates and AL16 is assumed for the DCI detected from the individual candidate.  There seems no ambiguity.
· If UE cannot differentiate the detected DCI via CRC (the contents of DCI are different for linked candidate PDCCH and individual candidate are the same), some clarification/rule seems needed here.
· Case c1
· According to the R15 spec (the related part is applicable to all PDCCH candidates since it does not differentiate different individual or linked candidates), AL16 should be assumed. Thus, there seems no ambiguity in this case.
· Moreover, if FL Proposal 8 is agreed, there will no such case.
· Case c2
· According to the R15 spec (the related part is applicable to all PDCCH candidates since it does not differentiate different individual or linked candidates), AL16 should be assumed. Thus, there seems no ambiguity in this case.

	Samsung
	Our view is that at least Cases a, b, and c2, can be discussed about the ambiguity problem among AL8 and AL16. Similar with the possible outcome of issue 2.8, Case c1 can be considered as error case.
[image: ]        [image: ]
For Cases a and b (we refer vivo’s figure, thank you.), our view is that it is simple for resolving timeline issues to define a rule which interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (w.r.t reference PDCCH candidate) which is similar with the case of same CORESET/CCE/DCI size/scrambling between individual PDCCH candidate and one of linked PDCCH candidate. Regarding rate matching, to avoid any misunderstanding on the PDSCH rate-matching, it would be better to take conservative approach, i.e., the resources corresponding to union of the AL8 PDCCH candidate and AL16 PDCCH candidate in both single and linked search spaces are not available for the PDSCH.
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For Case c2, as FL explained, it is possible that AL8 and AL16 candidates have same starting CCE in a CORESET associated with one of the SS sets but can have different starting CCE in another CORESET. We would like to express these situations as above figure. Case c2-1 is for both same starting CCEs and Case c2-2 is the case of same starting CCE in one CORESET but not in the other CORESET. 

For both Case c2-1 and c2-2, we think that there are no timeline issues since they are same linked SS set, hence Rel-17 timeline rule is used.
The only issue for Case c2-1 is rate matching. Although UE detects AL8, due to the Rel-15 rule, CCEs of both linked AL16 candidates should be rate matched.

For Case c2-2, we think that although there are no timeline issues, either, but they have rate matching and PUCCH resource determination issues (which are already explained in our tdoc). 
· Regarding rate matching, similar with Rel-15 UE behavior, to avoid any misunderstanding on the PDSCH rate-matching, it would be better to take conservative approach, i.e., the resources corresponding to union of the AL8 PDCCH candidate and AL16 PDCCH candidate in both linked search spaces are not available for the PDSCH. 
· Regarding PUCCH resource determination, since PUCCH resource determination is based on starting CCE of received PDCCH candidate, if the starting CCEs of AL8 and AL16 candidates are not same in the lowest SS set ID, we should additionally define a reference candidate between AL8 and AL16.

	Apple
	Maybe one simple way is to preclude some cases above. Somehow the cases (a/b/c1) should not be that typical. But there seems to be no ambiguity for some cases, e.g. case a/c2.


	LG
	For case a and b, we can extend previous agreement DCI is interpreted based on Rel-17 rules. 
For case c1, there is ambiguity to determine reference candidate. We can consider this is error case. 
For case c2, apply legacy rate matching behavior, i.e., assuming AL16

	vivo
	· For case a, it seems that there is some ambiguity about timeline rather than PDSCH rate matching. If UE decodes successfully one PDCCH with AL8 in first candidate, UE would not try to decode PDCCH with AL16 and perform PDSCH rate matching based on assumption of PDCCH repetition with AL16 which seems ok. However, how to confirm the reference candidate for timeline is not clarified since PDCCH with AL8 is S-TRP transmission. 

· For case b, there is some ambiguity about rate matching. 
If UE decodes PDCCH with AL8 successfully in first candidate, UE cannot infer whether PDCCH with AL8 or AL16 is transmitted in first candidate and also cannot infer whether PDCCH with AL8 in second PDCCH candidate is transmitted or not. 
If UE decode PDCCH with AL8 successfully in second candidate, UE can confirm gNB only transmitted PDCCH with AL8 and would not perform PDSCH rate matching based on assumption of AL16 in first candidate. 
For these two different potential results which is transparent to 
gNB, one rule should be determined for case b.

· For case c, it seems that there is no issue if both two CORESETs corresponding to PDCCH repetition candidates are configured with 1-symbol, where UE always assume PDSCH rate matching based on PDCCH with AL16 and timeline based on PDCCH repetition rule. 
However, there is one special case that one CORESET is with 1-symbol and another CORESET with 2 or 3 symbol. Since the ambiguity due to polar decoding in Rel15 only consider the case of configuration with 1-symbol, once one of CORESET is not configured with 1-symbol, the ambiguity is not taken into account.
In this special case, UE may confirm PDCCH with AL8 in one candidate associated with CORESET (2 or 3 symbols) and cannot confirm PDCCH with AL8 in other candidate associated with CORESET (1 symbols) which is also transparent to gNB. 
Therefore, one rule should be determined to eliminate the ambiguity. 

With above analysis for different cases, we propose one unified and simple solution is considered. 
For example:
· Option1:  UE only assume one AL (e.g. AL8 or AL16) for these three cases
· Option2: UE assumes only PDCCH with repetition configuration is transmitted
· For the case of c, linked CORESETs if one CORESET is configured on 1 symbol then remaining CORESETs is also configured 1 symbol


	CATT
	Agree with Apple. Some cases can be precluded.

	Huawei, HiSilicon
	For case a/b, the ambiguity on time related reference exists, which may have been resolved in previous agreement following Rel-17 rule. There seems no rate matching related ambiguity for case a. While for case b, rate matching may need to be performed on the SS set 1 with AL16 and SS set 3 with AL8.
For case c1, both of the ambiguity of time related reference and rate matching exist. 
For case c2, ambiguity of rate matching exists. 
As we observed, there are many cases and these cases may not be typical as pointed out by Apple. To make things simpler, a simple and unified solution is preferred, e.g., we can follow the rule agreed in last meeting that the interpretation of the decoded DCI should follow the linked candidates. 

	MediaTek
	Agree with FL’s assessment. We hope to make a general rule to resolve all related issues together.

	Intel
	For a, b, follow Rel-17 rules for time-line
For c1, follow same resolution as Proposal 8 (error case)
For c2, use Rel-15 rate-matching to AL16

	FL
	It seems that this issue requires more study and further discussion. It may be come back to this issue in the next meeting so that companies have more time to analyze various cases:
FL Proposal 9: Study whether/how to resolve ambiguities for interpretation of a detected DCI for the following cases:
· Case a: SS sets 1 and 2 are linked, and SS set 3 is individual: 
· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2
· SS set 3 has a AL8 candidate with the same start CCE as the AL16 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)
· Case b: SS sets 1 and 2 are linked, and SS set 3 is individual: 
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2
· SS set 3 has a AL16 candidate with the same start CCE as the AL8 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)
· Case c1: SS sets 1 and 2 are linked, and SS set 3 and 4 are linked
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2
· AL16 candidate in SS set 3 is linked with AL16 candidate in SS set 4
· AL8 candidate in SS set 1 has the same start CCE as the AL16 candidate in SS set 3 (associated with a same CORESET with 1-symbol duration)
· Case c2: SS sets 1 and 2 are linked: 
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2, 
· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2
· AL8 candidate and AL16 candidate in at least one of the SS sets have the same start CCE (in a CORESET with 1-symbol duration)




Complexity handling related to numbers / locations of linked candidates
The following was agreed in the last meeting:
Agreement 
Study whether/how to handle UE complexity / memory requirements for linked PDCCH candidates
· The following cases can be considered:
· Case 1: One pair of linked MO’s of one pair of linked SS sets in a given slot with large number of candidates.
· Case 2: Multiple pairs of linked MO’s of one pair of linked SS sets in a given slot, where MO’s of the two SS sets are not interlaced
· Case 3: For two pairs of linked SS sets (e.g. SS sets 1 and 2 are linked, and SS sets 3 and 4 are linked), a MO of any of the SS sets (e.g. SS set 3) is in between two linked MOs of another two SS sets (e.g. SS sets 1 and 2).
· Other cases are not precluded.
· Examples of possible mechanisms to address the issue: Restrictions in the spec, UE capability, limit total number linked candidates in a slot, limit total number of linked candidates / CCEs at any given time (similar to CPU occupation)
· Whether the solution should also depend on AL of linked candidates
· The case of CA can also be considered

The companies’ views regarding this issue has been diverse, and is summarized below:
· Limit the maximum number of linked candidates of which the first candidate is received and the second one has not been received: Huawei/HiSilicon, Apple, Qualcomm
· Total number of linked candidates in a slot as UE capability: vivo, Intel
· Per-AL limitations on number of candidates in a slot, maximum number of paired MO within one slot, maximum number of MOs within another paired MOs: Spreadtrum
· Don’t support to config any other linked MOs between the pair of MOs in linked SS set: OPPO, MediaTek, LG, Fraunhofer IIS/HHI
· Restriction on linked candidate number, time interval between linked monitoring occasions and time interval between linked monitoring occasion pairs: Lenovo/MotM
· Maximum number of pairs of linked monitoring occasion in a slot as UE capability: NEC
· When two SS sets with M MOs in the slot are linked together, limit the maximum number of MOs between any two linked MO #i of the first SS set and MO#i of the second SS set to a maximum number: Samsung
· The support of PDCCH repetition can be separately indicated for various PDCCH monitoring capabilities (e.g. for basic PDCCH monitoring capability and for more advanced PDCCH monitoring capabilities such as monitoring with span gap in which case the support of intra-span / inter-span PDCCH repetition can be separately indicated): Qualcomm
· No need to discuss the issue: Ericsson
Given that companies have different methods in mind, it may be better to first align the understanding on the framework (and whether it is needed). Note that some of the alternatives may require more discussions on the details, but we can focus on the high-level aspects first (down-selection between main Alts):
FL Proposal 10: To handle UE complexity / memory requirements for linked PDCCH candidates
· Alt1: Address the issue by UE capability, where UE indicates a limit on one of the following
· Alt 1-1: Total number of linked candidates of which the first candidate is received and the second one has not been received at any given time
· Alt1-2: Total number of linked candidates in a slot
· Alt1-3: Total number of paired MO within one slot
· Alt1-4: Total number of MOs (or linked MO’s) within a given pair of linked MO’s
· FFS: Whether limit is per CC or across all CCs.
· FFS (for Alt1-1/1-2): Whether limit is per AL or irrespective of AL
· Alt2: Address the issue by adding a restriction such as: For a pair of linked MO’s, UE does not expect to be configured with any other linked MO in between the pair of linked MO’s
· FFS: Whether restriction is per CC or across all CCs.
· FFS: Whether the same restriction applies when one or more individual MO’s are in between the pair of linked MO’s
· Alt3: The support of PDCCH repetition is indicated separately for different Rel-15/16 PDCCH monitoring capabilities, and when applicable, the support of inter-span PDCCH repetition is an optional UE capability
· Note: This capability may be needed irrespective of this issue but may address the issue at a coarser granularity.
· Alt4: There is no need to further discuss this issue

Please indicate your preference among Alts 1-4 above:
	Company
	Comments

	Apple
	We are fine with proposal 10 in general, but we would like to understand how Alt 1-3, Alt 1-4 and Alt 3 can help. Alt2 seems to be too restrictive. This issue is only related to soft combining, so anyway it should be based on a UE capability.


	LG
	Support Alt 2. This issue can be addressed by gNB implementation.

	QC
	Ok with the proposal. Our preference is either Alt3 or Alt1-1.
@ Apple: Alt3 is addressing the issue by making it possible for UE to say e.g. PDCCH repetitions should be in the same span. If they are in the same span, then storing LLRs is not needed. As another example, UE can say only PDCCH monitoring with basic capability (as in FG 3-1) is supported for PDCCH repetition in which case memory will not be an issue (all MO’s are within 3 symbols of a slot).

	Fraunhofer IIS/HHI
	More than one alternative may be used to address the complexity and memory issues listed for study. In our view, UE capability and spec. restrictions for linked SS sets interlacing are useful for this purpose. Therefore, the main-bullet shall be modified as “To handle UE complexity / memory requirements for linked PDCCH candidates, select one or more of the following:”
We support limiting the number of linked PDCCH candidates in a slot as in Alt1-2 and the spec. restriction regarding interlaced SS sets in Alt-2.

	ZTE
	Actually, we don’t see the need of this proposal as UE complexity of PDCCH repetition has been considered in therms of BD counter. If UE vendors really have concern on implementation complexity, we suggest going for Alt 3 for simplicity. 

	MediaTek
	First preference is Alt2 and we can also accept Alt3 and Alt1-1 as the second preference. 

	InterDigital
	Support FL’s proposal.  

	Xiaomi
	Our first preference is Alt 2, and we can also accept Alt 3 and Alt 1-1.

	Lenovo/MotM
	Support the FL’s proposal in general. 
For Alt1-2, the maximum linked candidate number for each aggregation level may be indicated in addition to total number of linked candidates in a slot since soft buffer size is related with candidate number and corresponding aggregation level. 
For Alt2, it is too restricted for gNB’s configuration. We suggest to make relaxation as “restrict the time interval between linked monitoring occasion pairs and other monitoring occasions or occasion pairs based on UE capability related with soft buffer size”.  

	OPPO
	We support Alt2.  Moreover, these alternatives are not mutually exclusive. Thus, we can choose more than one alternative if possible.

	vivo
	Based on our understanding, if the full resource elements in a slot carry PDSCH, UE has capability of buffer all soft bits of the PDSCH for later potential IR combining in case of HARQ retransmission. For reception of PDCCH repetition, some resource elements are selected and allocated for PDCCH transmission, corresponding memory for PDSCH in these resource elements is changed for PDCCH in these resource elements. However, entire UE memory do not change and is not needed to optimize. What’s more, PDSCH can be configured with higher modulation order and multi-layers, while PDCCH is only configured with QPSK and single layer, UE buffer capability is enough no matter what soft bits is from PDCCH or PDSCH and do not see any concern of memory requirements is needed due to the introduction of PDCCH repetition in Rel17.
If we misunderstood the memory implementation, please correct us. 

Anyway, the timing constraint of decoding PDCCH would be more stringent than PDSCH in some cases thus PDCCH repetition would increase corresponding implementation burden. The total number of linked candidates in a slot well reflect such increased burden and thus should be considered as an optional UE capability reported to the network. 
We support Alt1-2



	Samsung
	Support Alt.2 as the first preference and agree with OPPO. 

	Intel
	Could we decide that we would down-select to one and not have combinations of Alts 1-3 ?

	Nokia/NSB
	Alt. 4

	Spreadtrum
	Fine with FL’s proposal. Our 1st preference is Alt.1-1/1-2 per AL. Meanwhile, we can also go with Alt.2.

	Ericsson
	We’d like to understand whether there is a memory issue here?  In Rel-15,  all PDCCH candidates can be located in the first few OFDM symbols and the UE has to buffer all the candidates before decoding.  For PDCCH repetition with soft combining, only chase combining is done ( i.e., same coded bits involved) and the combining is best done in symbol level with MRC.  There is no extra buffering needed for soft combining in our understanding, please share your view if it is different. This is illustrated in the figures below. 

[image: ]

Rel-15 PDCCH buffering

[image: ]
Rel-17: PDCCH repetition with soft combining

	CATT
	Support the proposal.

	Huawei, HiSilicon
	We support Alt1 in general. In this case, if UE report 0 for Alt1, then the restriction of Alt2 is supported also. 

	MediaTek
	@ Ericsson
Current problem is that UE needs to hold the soft bits of the first candidates until it receives the second candidates. If we only allow the interlacing pattern by Alt2, UE can reuse one buffer for soft bits. Otherwise, UE needs to have multiple additional buffers.



2.10.1 FL Update
Companies preferences on Alt1,2,3,4 is summarized below:
· Alt1: Apple, QC, Fraunhofer IIS/HHI, MediaTek, Xiaomi, Lenovo/MotM, vivo, Spreadtrum, Huawei/HiSilicon
· Alt2: LG, Fraunhofer IIS/HHI, MediaTek, Xiaomi, OPPO, Samsung, Spreadtrum
· Alt3: QC, MediaTek, ZTE, Xiaomi
· Alt4: ZTE, Nokia/NSB, Ericsson

While Alt1 has slightly more support, there are some questions about the issue itself. More discussions may be needed. I suggest going with the Proposal below, and the down-selection can happen in the next meeting after further study. Also, I think Alt1-3 and Alt1-4 can be removed as it seems that companies are primarily interested in other Alts.
FL Proposal 10: To handle UE complexity / memory requirements for linked PDCCH candidates, down-select among the following in RAN1 #107-e
· Alt1: Address the issue by UE capability, where UE indicates a limit on one of the following
· Alt 1-1: Total number of linked candidates of which the first candidate is received and the second one has not been received at any given time
· Alt1-2: Total number of linked candidates in a slot
· Alt1-3: Total number of paired MO within one slot
· Alt1-4: Total number of MOs (or linked MO’s) within a given pair of linked MO’s
· FFS: Whether limit is per CC or across all CCs.
· FFS (for Alt1-1/1-2): Whether limit is per AL or irrespective of AL
· Alt2: Address the issue by adding a restriction such as: For a pair of linked MO’s, UE does not expect to be configured with any other linked MO in between the pair of linked MO’s
· FFS: Whether restriction is per CC or across all CCs.
· FFS: Whether the same restriction applies when one or more individual MO’s are in between the pair of linked MO’s
· Alt3: The support of PDCCH repetition is indicated separately for different Rel-15/16 PDCCH monitoring capabilities, and when applicable, the support of inter-span PDCCH repetition is an optional UE capability
· Note: This capability may be needed irrespective of this issue but may address the issue at a coarser granularity.
· Alt4: There is no need to further discuss this issue

	Company
	Comments

	OPPO
	Support

	Samsung
	Support the FL proposal and prefer to down-select at least one solution among Alt.1 ~ Alt.3.

	Apple
	OK with the proposal. We also think Alt3 and Alt4 can be removed. 

	NTT Docomo
	Support 

	Lenovo/MotM
	Support the proposal in general. For Alt.2, we think it is a little restrictive since some high end UE with large soft buffer size may not have this soft buffer limitation issue. To make it more general, we suggest to add a FFS part as follows:
FFS: Whether the restriction is made based on UE capability

	Xiaomi
	Support the proposal and our first preference is Alt 2.

	LG
	Support

	ZTE
	We don’t think further discussion is needed. 
We have agreed inter-span repetition is an optional UE feature. So Alt 3 has been agreed, the UE complexity issue has been solved. Other options are not needed anymore. In other words, if UE support inter-span repetition, UE should be able to buffer the soft bits of the first repetition until the second one. No need further enhancement. 

	CMCC
	Support

	Fraunhofer IIS/HHI
	Support the proposal with the following modification to the main bullet “down-select at least one among the following”.

	vivo
	For FR2, the processing time of PDCCH decoding can be inferred by the UE feature of ‘timedurationForQCL’ which is mainly for performing PDCCH reception and the value can be 14 or 28 symbols. In other words, UE should buffer soft bits for PDCCH candidates at least 1 or 2 slots. 
For PDCCH intra-slot repetition, we think the buffer capability of Rel15 UE is enough to support PDCCH repetition and do not think it is a problem. 
@MTK, if we misunderstood the memory implementation, please correct us. 


Anyway, the timing constraint of decoding PDCCH would be more stringent than PDSCH in some cases thus PDCCH repetition would increase corresponding implementation burden. The total number of linked candidates in a slot well reflect such increased burden and thus should be considered as an optional UE capability reported to the network. 
We support Alt1-2


	CATT
	Support.

	Huawei, HiSilicon
	We are fine with the proposal.   

	MediaTek
	Support the proposal.
@ vivo
BD decoding is performed per MO of each SS set. UE needs to store soft bits for all candidates of each MO before polar decoding. In Rel-15, UE doesn’t have to hold soft bits after finishing polar decoding. But in Rel-17, due to soft combining, UE needs to hold these soft bits until the second linked SS set. But before this second linked SS set, if there is additional MO of other pair of linked SS sets or even just MO of SS set for STRP, UE needs separate buffer for handle this. Hope this is clearer.

	FL
	The proposal seems to be ok as preferences from all companies are included (Alts 1-4). Down-selection will happen in the next meeting.
FL Proposal 10: To handle UE complexity / memory requirements for linked PDCCH candidates, down-select among the following in RAN1 #107-e
· Alt1: Address the issue by UE capability, where UE indicates a limit on one of the following
· Alt 1-1: Total number of linked candidates of which the first candidate is received and the second one has not been received at any given time
· Alt1-2: Total number of linked candidates in a slot
· FFS: Whether limit is per CC or across all CCs.
· FFS: Whether limit is per AL or irrespective of AL
· Alt2: Address the issue by adding a restriction such as: For a pair of linked MO’s, UE does not expect to be configured with any other linked MO in between the pair of linked MO’s
· FFS: Whether restriction is per CC or across all CCs.
· FFS: Whether the same restriction applies when one or more individual MO’s are in between the pair of linked MO’s
· Alt3: The support of PDCCH repetition is indicated separately for different Rel-15/16 PDCCH monitoring capabilities, and when applicable, the support of inter-span PDCCH repetition is an optional UE capability
· Note: This capability may be needed irrespective of this issue but may address the issue at a coarser granularity.
· Alt4: There is no need to further discuss this issue




Remaining issues when one candidate is dropped
This issue will be discussed later.
Cross-carrier scheduling
So far, how to configure / enable PDCCH repetition for cross-carrier scheduling has not been discussed even though some procedural related aspects have been agreed such as using the later candidate as reference for “PDSCH / AP-CSI-RS reception preparation time with cross carrier scheduling with different SCS’s for PDCCH and PDSCH / AP-CSI-RS, i.e., minimum scheduling delay Npdsch and Ncsirs”.
Qualcomm mentions this issue and describes some aspects such as linking candidates for a scheduled CC (CIF) should be allowed only when two SS sets containing the candidates in the scheduling cell are linked (two SS sets in the scheduled cell can be linked only when two SS sets with same ID in the scheduling cell are linked). Also, when linked, PDCCH candidates with the same AL and candidate index corresponding to the CIF value associated with the scheduled cell are linked.
FL Proposal 12: When a scheduled CC is configured to be cross-carrier scheduled by a scheduling CC 
· If two SS sets in the scheduling CC are linked for PDCCH repetition, two SS sets in the scheduled CC with the same IDs as the two linked SS sets in the scheduling CC can be configured to be linked for PDCCH repetition with cross-carrier scheduling:
· If configured to be linked, two SS sets in the scheduled CC should be configured with the same number of candidates for each AL. 
· The PDCCH candidates with the same AL and candidate index corresponding to the CIF value associated with the scheduled CC are linked.
· If two SS sets in the scheduling CC are not linked for PDCCH repetition, two SS sets in the scheduled CC with the same IDs as the two linked SS sets in the scheduling CC should not be configured to be linked for PDCCH repetition with cross-carrier scheduling.

	Company
	Comments

	Apple
	We failed to see the necessity for the proposal

	LG
	Regarding 2nd bullet point, why is that SS sets in scheduled CC should not be configured to be linked if the SS sets in scheduling CC is not linked? If one to one mapping between n-th MO of each of the SS sets in scheduling CC is possible, from our understanding, the SS sets in scheduled CC can be linked by configuring the same number of candidate for each AL for two SS sets. Why do we need to exclude that possibility?

	QC
	We think it should be clarified if cross-carrier scheduling is supported or not. We had a previous agreement about cross-carrier scheduling (for PDSCH / AP-CSI-RS reception preparation time), but it does not work without the clarification above. Either we should conclude that cross-carrier scheduling is not supported, or clarify how it works.
@LG: Agree that if “one to one mapping between n-th MO of each of the SS sets in scheduling CC is possible”, then there is no issue. But if SS sets in the scheduling CC are not linked, we do not have such a constraint so far. Our intention is to allow cross-carrier scheduling with PDCCH repetition with minimum spec impact.

	ASUSTeK
	Support FL’s proposal.

	ZTE
	We are OK with the motivation of FL proposal, and suggest simplifying the proposal as
FL Proposal 12: When a scheduled CC is configured to be cross-carrier scheduled by a scheduling CC, two PDCCH candidates are linked only if the corresponding two SS sets in the scheduling CC are linked and two SS sets in the scheduled CC with the same IDs are also linked. 


	MediaTek
	Fine with the proposal. But ZTE’s proposal looks simpler.

	InterDigital
	Ok with ZTE’s proposal. 

	Xiaomi
	Either FL proposal or ZTE’s proposal is OK to us.

	NTT Docomo
	Support 

	Lenovo/MotM
	Support FL’s proposal or ZTE’s simplified version if cross-carrier scheduling is supported together with enhanced PDCCH with repetition.

	OPPO
	We are ok with the proposal. ZTE’s version seem better

	vivo
	We have same view as apple.
Based on the agreement before 
	Agreement
When two SS sets are linked for PDCCH repetition, they do not contain individual PDCCH candidates. 


If gNB want to configure PDCCH repetition, the rule in this agreement must be obeyed, no matter in case of cross-carrier scheduling or not. 
Therefore, this proposal is up to gNB implementation and no need to further discuss.

	CMCC
	Support FL’s proposal and ZTE’s version is also fine.

	Nokia/NSB
	Hard to see the necessity of this proposal. 

	Fujitsu
	Support the proposal.

	E///
	Some clarification is fine,  we are fine with ZTE’s proposal.

	CATT
	We are fine with ZTE’s proposal.

	TCL
	We are fine with ZTE’s proposal.



2.12.1 FL Update
Majority of companies prefer ZTE’s alternative proposal, which is simpler.
@ Apple, Nokia: The proposal clarifies when PDCCH candidates associated with a scheduled CC (monitored on the scheduling CC) are linked. This clarification is needed for cross-carrier scheduling.
@ vivo: This does not violate any agreement since candidates for a scheduled cell are configured as part of scheduled cell’s SS set.
FL Proposal 12: When a scheduled CC is configured to be cross-carrier scheduled by a scheduling CC, two PDCCH candidates are linked only if the corresponding two SS sets in the scheduling CC are linked and two SS sets in the scheduled CC with the same IDs are also linked.
	Company
	Comments

	OPPO
	Support

	Apple
	We still failed to see the necessity. 

Without such restriction, what would be the potential ambiguity? The proposal is also a bit unclear, for the words “two SS sets in the scheduled CC with the same IDs”, what are the two SS sets, and what does the “IDs” indicate, CC-ID?


	NTT Docomo
	Support 

	Lenovo/MotM
	Support

	Xiaomi
	Support 

	ZTE
	We are fine with the proposal. 
If we don’t have this proposal, we should clarify the following question in cross-CC scheduling case:
Q1: to implement PDCCH repetition, should the linkage of two SS sets be RRC configured in scheduling CC or scheduled CC or both ? RAN2 needs an answer from RAN1. 

	CMCC
	Support

	vivo
	Support FL’s proposal

	CATT
	Support the proposal.

	MediaTek
	Support

	FL
	@Apple: The problem is when only SS sets in the scheduled cell are linked (but SS sets in the scheduling cell are not linked). Then, one-to-one mapping for candidates associated with the scheduled cell cannot be ensured (since there is no one-to-one mapping for MO’s). Regarding “two SS sets in the scheduled CC with the same IDs”, this is Rel-15 legacy for cross-carrier scheduling. I tried to clarify that a bit below:
FL Proposal 12: When a scheduled CC is configured to be cross-carrier scheduled by a scheduling CC, two PDCCH candidates (with the same AL and candidate index corresponding to the CIF value associated with the scheduled CC) are linked only if the corresponding two SS sets in the scheduling CC are linked and two SS sets in the scheduled CC with the same IDs are also linked.



Additional issues requiring a reference candidate
The following issues (requiring a reference candidate) were discussed by companies:

· Issue 1: For application delay of the minimum scheduling offset, take the second PDCCH candidate later in time as reference.: vivo
· FL note: The issue seems valid. However, it is noted that application delay is in terms of number of slots (from the PDCCH slot). The issue here seems to be related to determination of “received outside the first three symbols”, and not about when application delay starts, i.e., if either of the repetitions are outside the first three symbols, the following rule should be followed. 
38.214: When the DCI format 0_1 or 1_1 with 'Minimum applicable scheduling offset indicator' field is received outside the first three symbols of the slot, value of Zµ from Table 5.3.1-1 is incremented by one before determining the application delay X.

· Issue 2: For timeline between PDCCH spans carrying BWP switching and CSI trigger respectively, take the span that involves the second PDCCH candidate later in time as reference: vivo
· FL note: This case is related to CSI trigger states containing non-active BWP (Rel-16 TEI) when UE supports “csi-TriggerStateNon-ActiveBWP-r16”, and it should be discussed whether it is supported with PDCCH repetition or not.
38.214: In the carrier of the serving cell expecting to receive that associated NZP CSI-RS, if the active DL BWP when receiving the NZP CSI-RS is different from the active DL BWP when receiving the triggering DCI, 
- the last symbol of the PDCCH span of the DCI carrying the BWP switching shall be no later than the last symbol of the PDCCH span of the DCI carrying the CSI trigger, irrespective of whether they are in the same carrier of a serving cell or not and irrespective of whether they are in the same SCS or not;
- the UE is not expected to have any other BWP switching in that carrier after the last symbol of the PDCCH span covering the DCI carrying the CSI trigger and before the first symbol of the triggered NZP CSI-RS or CSI-IM.

· Issue 3: UE does not execute PDSCH rate matching on resources that overlaps with scheduling PDCCH resources if this corresponding PDCCH candidate is dropped due to interruption: vivo
· FL note: The proposal can lead to ambiguity (and error propagation) when the reason that the PDCCH candidate is dropped is due to DCI detection (e.g. SFI or dynamic UL symbols), and that DCI is missed.
· Issue 4: QCL-Type D assumption for CSI-RS with higher layer parameter repetition set to 'off' is identical to QCL-Type D assumption for the CORESET with lower ID among CORESETs which can be received simultaneously: vivo
· FL note: The issue seems to be valid but it may require some discussions. 

38.214: For a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on', the UE shall not expect to be configured with CSI-RS over the symbols during which the UE is also configured to monitor the CORESET, while for other NZP-CSI-RS-ResourceSet configurations, if the UE is configured with a CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'typeD', if 'typeD' is applicable. This also applies to the case when CSI-RS and the CORESET are in different intra-band component carriers, if 'typeD' is applicable.

· [bookmark: _Hlk84887749]Issue 5: Study method to determine the value of  for mapping VRB to PRB of a PDSCH scheduled by a DCI format 1_0 repeatedly transmitted on two linked CSS: Lenovo/MotM
· FL note: The issue seems to be valid if PDCCH repetition can be used for DCI format 1_0 in CSS


38.211: For non-interleaved VRB-to-PRB mapping, virtual resource block  is mapped to physical resource block , except for PDSCH transmissions scheduled with DCI format 1_0 in a common search space in which case virtual resource block  is mapped to physical resource block  where  is the lowest-numbered physical resource block in the control resource set where the corresponding DCI was received.
…


· Issue 6: To determine the conditions for receiving SPS PDSCH release DCI and the SPS PDSCH in the same slot: The PDCCH candidate that ends later in time must end before the end of the SPS PDSCH: Samsung
· FL note: The issue seems to be valid and similar to the other timeline cases already agreed.

If a UE is configured to receive SPS PDSCHs in a slot for SPS configurations that are indicated to be released by a DCI format, and if the UE receives the PDCCH providing the DCI format in the slot where the end of a last symbol of the PDCCH reception is not after the end of a last symbol of any of the SPS PDSCH receptions, and if HARQ-ACK information for the SPS PDSCH release and the SPS PDSCH receptions would be multiplexed in a same PUCCH, the UE does not expect to receive the SPS PDSCHs, does not generate HARQ-ACK information for the SPS PDSCH receptions, and generates a HARQ-ACK information bit for the SPS PDSCH release.

· Issue 7: With Type-1 HARQ-ACK codebook, and the release PDCCH repetition, the location of the HARQ-ACK bit of the release PDCCH is determined based on the PDCCH candidate that ends later in time: Samsung
· FL note: In my understanding, there is no issue here. We already agreed that K1 is based on the latter slot (in the case of different numerologies). The location of A/N in Type1 HARQ-Ack CB depends on the corresponding K1 as in legacy.

Please share you views with respect to the Issues 1-7 described above.
	Company
	Comments

	Apple
	As we commented previously, maybe for timeline related aspects and CORESET selection, we can make a general rule as follows:

[bookmark: _Hlk84885374]For mTRP PDCCH,
· For legacy rule on timeline prior to PDCCH, the PDCCH indicates the PDCCH candidate that starts earlier
· For legacy rule on timeline after last symbol of PDCCH, the PDCCH indicates the PDCCH candidate that ends later
· For legacy rule determined by a CORESET, the CORESET associated with the SS set with lowest SS ID is used

	LG
	For issue 3, we have the same understanding with FL
For issue 6, current specification can be interpreted as last symbol of posterior linked PDCCH candidate without revision.

	QC
	At least for issues 4 and 5, it seems that some discussions would be necessary. These issues are not related to timeline.

@Apple: The last bullet above is against the following agreement:
· If the TCI field is not present in the DCI, and the scheduling offset is equal to or larger than timeDurationForQCL if applicable, PDSCH QCL assumption is based on the CORESET with lower ID among the first and second CORESETs 


	Fraunhofer IIS/HHI
	Issue 1 and 6: Support the usage of the PDCCH candidate ending later in time as reference.
Issue 2, 4, 5: Valid issues. Further discussion required.

	MediaTek
	Issue 1, 2: Support vivo’s proposal
Issue 3: Don’t support.
Issue 4: Fine with the proposal
Issue 5: Can be discussed further, We can use the CORESET with lower ID.
Issue 6: Support 

	InterDigital
	Issue 1: Support
Issue 2: Support
Issue 6: Support
Other issues can be further discussed. 

	NTT Docomo
	Issue 1: support 
Issue 2: Support  
Issue 3: agree with FL
Issue 4: Fine to further study
Issue 5: depends on whether PDCCH repetition is supported in this case
Issue 6: Support
Issue 7: agree with FL

	Lenovo/MotM
	Issue 1,6, Support the proposal
Issue 4, Valid case. More discussion is needed. We prefer unified solution for enhanced PDCCH with repetition and SFN based enhanced PDCCH if possible.
Issue 5, Valid issue since PDCCH repetition for Type3 CSS has been agreed. And detailed solutions can be further discussed.

	OPPO
	We prefer to have a general agreement for identified cases and the identified cases are also captured for reference to facilitate editors’ work.
Regarding the cases, we support to include Issue 1,2,4,6

	vivo
	@ LG  @ QC  For issue3,  if one of PDCCH repetition candidate is dropped due to overlapping with SSB  or LTE-CRS pattern, how to perform PDSCH rate matching should be clarified. 



We propose Issue 1~5 should be discussed, for detailed background and analysis please refer R1-2108952.



	Samsung
	Support at least issues 1, 2, 6 and also fine with Apple’s suggestion for general description. Regarding issue 7, this is not related to slot offset K1 but related to the HARQ-ACK bit location in Type-1 HARQ-ACK codebook. This is different issue which cannot be covered by the previous agreement. We refer the spec wording in TS38.213 here.

“A location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a single SPS PDSCH release is same as for a corresponding SPS PDSCH reception.”

Hence, as in the following figure, we would like to suggest the latter PDCCH candidate can be a reference.




	Nokia/NSB
	Ok to discuss Issue 4/5 as explained by the FL.

	QC2
	@vivo: The existing agreement is clear in our view. Rate matching is around both candidates. The case illustrated above is an optimization for a corner case, and does not even work in some cases (leads to errors if detection of a DCI results in dropping one of the candidates).

	Fujitsu
	Issue 1: Support 
Issue 2: Support  
Issue 3: Further discussion is needed
Issue 4: Support the proposal from vivo
Issue 5: Valid case and needs further discussion
Issue 6: Support
Issue 7: Open to further discuss

	E///
	We are open to discuss issues 1-5. Issues 6-7 seems to be covered  or can be by the existing agreements

	CATT
	Issue 1: Support
Issue 2: Support
Issue 6: Support
Issue 3, 4 and 5 can be further discussed.

	Huawei, HiSilicon
	For issues 1,2,6, the same rules as we have been agreed for the timeline can be applied here. 
For issue 3, more clarification is needed, as when one of the linked candidates is dropped, the other candidate can still be monitored and in that case, whether the dropped candidate is rate matching or not should depend on the other candidate. 
For issues 4 and 5, more discussion is needed.


2.13.1 FL Update
The rules (rules 1-5) in Section 2.5 are also discussed together with Issues 1-7 in this section.
In general, majority of companies prefer a general rule. The following is suggested by Apple:
For mTRP PDCCH,
· For legacy rule on timeline prior to PDCCH, the PDCCH indicates the PDCCH candidate that starts earlier
· For legacy rule on timeline after last symbol of PDCCH, the PDCCH indicates the PDCCH candidate that ends later
· For legacy rule determined by a CORESET, the CORESET associated with the SS set with lowest SS ID is used

For the second bullet above, I think it is safe. However, for the first and third bullets, they may contradict previous agreements: For the first bullet as a general rule, we previously agreed that that the candidates that starts later in time is used for PDSCH with mapping Type B as well as for earliest time AP-CSI-RS can be received (these legacy rules are based on time of the first symbol of PDCCH). For the last bullet, we already have different agreed rules in Rel-17 mTRP PDCCH when legacy rule is determined by a CORESET. 
Hence, I would like to suggest the following to a) minimize the future discussions b) avoid confusions later when the editors implement the agreements c) not contracting previous agreements
· Second bullet as suggested by Apple as a general agreement: Can take care of Rules 3-5 in Section 2.5 as well as Issues 2 and 6 while does not contradict any agreement (please correct me if I missed something)
· Explicitly capture some of the other cases that companies agree with the principle: Rules 1-2 and Issues 1, 4, 5 are supported by majority of companies (issues 3 and 7 require more discussions).

FL Proposal 13-1: For PDCCH repetition, when a legacy rule is based on the time of the last symbol of PDCCH, the PDCCH candidate that ends later in time is used as a reference candidate.
FL Proposal 13-2: For PDCCH repetition
· When DCI format 2_1 is detected in linked PDCCH candidates, for determination of set of symbols that interrupted transmission indication in DCI format 2_1 is applied to, the candidate that starts earlier in time is the reference PDCCH candidate.
· When DCI format 2_4 is detected in linked PDCCH candidates, for the “first symbol of the PDCCH reception providing the DCI format 2_4” on the conditions for applicability / validity of cancelation indication in 38.213 (which is relative to a DCI format that schedules PUSCH/SRS), the candidate that starts earlier in time is the reference PDCCH candidate.
· The following legacy rule is followed when the candidate that ends later in time is received outside the first three symbols of the slot.38.214: When the DCI format 0_1 or 1_1 with 'Minimum applicable scheduling offset indicator' field is received outside the first three symbols of the slot, value of Zµ from Table 5.3.1-1 is incremented by one before determining the application delay X.

· QCL-Type D assumption for CSI-RS with higher layer parameter repetition set to 'off' is identical to QCL-Type D assumption for the CORESET with lower ID among CORESETs which can be received simultaneously.
· For PDCCH repetition of DCI format 1_0 on two linked CSS, in order to determine the value of  for mapping VRB to PRB of a scheduled PDSCH, the CORESET with lower ID is used as a reference.

	Company
	Comments

	OPPO
	FL Proposal 13-1: Support
FL Proposal 13-2: The last two bullets need further discussion.
· QCL-Type D assumption: We agree it is a valid issue, but the solution needs further discussion.  The intention of the related part in legacy spec is to prioritize the PDCCH reception. Thus, for this case, the UE will use the two Rx beams for reception, no matter it is CSI-RS or PDCCH. The current solution is to restricted. 
· Mapping of VRB and PRB: CSS can be shared by multiple UEs, but not every UE will be configured with PDCCH repetition. If this proposal is supported, the UE not configured with PDCCH repetition will be impacted. Another possible is to introduce some restriction, e.g., the same  for linked CORESETs

	Samsung
	Support both FL proposals in principle. Regarding third bullet in FL proposal 13-2, since the point is whether the last symbol of PDCCH candidate is outside the first three symbols of the slot or not, it is also related to the last symbol of PDCCH, hence we think that it can be included in FL proposal 13-1 as well. Regarding issues 3 and 7 in previous round, we can add those as FFS.

	Apple
	13-1: Support

13-2: OK with bullet 1/2/3/5. We think current spec is clear for bullet 4 for non-SFN case. There may be some ambiguity for SFN, but it should be discussed in another agenda.

	NTT Docomo
	Support 

	Lenovo/MotM
	FL Proposal 13-1: Support
FL Proposal 13-2: Support bullet 1,2,3,5
For bullet 4 of proposal 13-2
We agree that the proposed scheme is a simple solution. Also, we share similar view as Apple. Furthermore, we want to check whether it is possible to make relaxation to multiplex CSI-RS with any one of QCL-Type D assumption the CORESETs which can be received simultaneously. The restriction is considered to provide more freedom for selecting CSI-RS with QCL-TypD for desirable target, e.g. CSI acquisition.

	Xiaomi
	For proposal 13-1: support.
For proposal 13-2: we share same view that further discussion is needed to decide whether any one of the QCL TypeD of two CORESETs is OK.

	LG
	Support FL proposal except for 4th bullet of proposal 13-2.

	ZTE
	For QCL-Type D of CSI-RS, is the use case two FDMed PDCCH repetitions?  
Moreover, based on the 38.214, this is for the case other than the higher layer parameter repetition set to 'on', it is not equivalent to repetition set to off because ‘on/off’ only exists for BM CSI-RS. For CSI-RS for CSI, there is no parameter of ‘on/off’. So we prefer using the wording aligned with 38.214. 

	Fraunhofer IIS/HHI
	Support both the proposals

	vivo
	Do not support proposal 13-1.
Regarding discussion on PDCCH repetition in Rel17, the issues about timeline were discussed in many meetings, in Ran1 #104bis, one company proposed similar suggestion about general rule as apple mentioned here, however, as per guidance of FL, all of companies were agreed the notion of “it is safer to discuss and study issues one-by-one rather than a generic agreement” and any new issues found in the future should be encouraged for preciseness of NR spec.  In our view this principle should be followed.
  
----------------------------------------------------------------------------------------
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Regarding the first bullet about format 2-1 in proposal 13-2, we think PDCCH repetition candidates contained within first 3 symbols may reduce the performance of PDCCH. Given that some UEs do not support reception of two different beams simultaneously, only TDM based PDCCH repetition transmission is configured for these UEs. If two TDM based PDCCH repetition candidates are confined within first three symbols, there are four possible configurations as following, that two CORESETs with some certain durations in number of symbols cannot be configured by gNB which is too restrictive and not flexible for NW implementation.  
one CORESET with 3 symbol and another CORESET with 1 symbol
one CORESET with 3 symbol and another CORESET with 2 symbol
one CORESET with 3 symbol and another CORESET with 3 symbol
one CORESET with 2 symbol and another CORESET with 2 symbol
We request companies to review this issue again and take into account these restrictions in real NW implementation.

-----------------------------------------------------------------------------------------
[bookmark: OLE_LINK5]Regarding Issue2, the reference is PDCCH span rather than PDCCH candidates, which is not different from previous timeline. We think the solution for issue2 should also be included in proposal 13-2.

· For timeline between PDCCH spans carrying BWP switching and CSI trigger respectively, take the span that involves the second PDCCH candidate later in time as reference

Regarding Issue3, @QC we do not think it is a corner case, since PDCCH dropping is related to many cases based on the discussion, the issue about PDSCH rate matching cannot be ignored anyway. At least, when PDCCH dropping is due to interruption with DL channels/signals, some resources configured by RRC, or two different QCL-typeD reception. 
In order to achieve coding gain, we think the solution for issue3 should also be included in proposal 13-2, 
· there is no need for PDSCH to execute rate matching in these resources in which PDCCH is not transmitted.


	CATT
	Support both FL’s proposals.

	Huawei, HiSilicon
	We are fine with proposal 13-1.
For proposal 13-2, we share the views from some companies that the last two bullets need further discussion.

	MediaTek
	Support 13-1.
For 13-2, we are generally fine with the proposal. But if something needs to be clarified for some bullets, we are open to discuss it.

	Intel
	We don’t prefer 13-1. We prefer to make decisions case by case, how to specify is up to editor.

	FL
	Proposal 13-1 is supported by all companies except vivo.
For Proposal 13-2, some companies prefer to add FFS for the last two bullets, which makes sense as more discussions would be helpful. Also, issues 3 and 7 can be added as FFS. Also, Samsung commented that the third bullet may not be needed, which is in bracket now.
@vivo: The highlighted part from my comment in the previous meeting was referring to having one general rule. As explained above, if we have general rule for some cases (for legacy rules based on first symbol, or for legacy rules based on CORESET), it may not be safe. However, for the cases in which the legacy rule is based on last symbol, having a general rule does not violate any previous agreement, and it seems to address multiple issue. If you disagree, please explain in which case the proposal would be unsafe?
@Intel: Considering the limited time, my suggestion is to go with Proposal 13-1 since it does not violate any previous agreements, and seems to be safe.
FL Proposal 13-1: For PDCCH repetition, when a legacy rule is based on the time of the last symbol of PDCCH, the PDCCH candidate that ends later in time is used as a reference candidate.
FL Proposal 13-2: For PDCCH repetition
· When DCI format 2_1 is detected in linked PDCCH candidates, for determination of set of symbols that interrupted transmission indication in DCI format 2_1 is applied to, the candidate that starts earlier in time is the reference PDCCH candidate.
· When DCI format 2_4 is detected in linked PDCCH candidates, for the “first symbol of the PDCCH reception providing the DCI format 2_4” on the conditions for applicability / validity of cancelation indication in 38.213 (which is relative to a DCI format that schedules PUSCH/SRS), the candidate that starts earlier in time is the reference PDCCH candidate.
· [The following legacy rule is followed when the candidate that ends later in time is received outside the first three symbols of the slot.]38.214: When the DCI format 0_1 or 1_1 with 'Minimum applicable scheduling offset indicator' field is received outside the first three symbols of the slot, value of Zµ from Table 5.3.1-1 is incremented by one before determining the application delay X.


FL Proposal 13-3: Further study the following issues for PDCCH repetition:
· Issue a: QCL-Type D assumption for CSI-RS with higher layer parameter repetition is not set to 'off' 'on' when it overlaps with multiple CORESETs with different QCL-TypeD is identical to QCL-Type D assumption for the CORESET with lower ID among CORESETs which can be received simultaneously.
· Issue b: For PDCCH repetition of DCI format 1_0 on two linked CSS, in order to determine the value of  for mapping VRB to PRB of a scheduled PDSCH, the CORESET with lower ID is used as a reference.
· Issue c: PDSCH rate matching on resources that overlaps with scheduling PDCCH resources if this corresponding PDCCH candidate is dropped due to interruption
· Issue d: With Type-1 HARQ-ACK codebook, and the SPS release PDCCH repetition, to determine the location of the HARQ-ACK bit of the SPS release PDCCH 




Other Issues
The following table lists additional proposals / issues mentioned by companies.
	#
	Issue
	Summary of the proposal and moderator’s comment

	O-1
	RRC configuration for number of BDs
	2 BDs can be configured by RRC when UE indicates 3 BDs: vivo, Lenovo/MotM, CATT, LG, Ericsson

Moderator’s comment: The issue was discussed in the last meeting w/o consensus. The situation has not changed. The issue can be discussed later if needed.

	O-2
	CORESETPoolIndex
	Support different CORESETPoolIndex values for two PDCCH repetitions: ZTE, Fraunhofer IIS/HHI, Samsung, LG

Moderator’s comment: The issue has been discussed several times already, and companies other than the ones listed above do not support it. The issue can be discussed later if needed.

	O-3
	PDSCH mapping Type A
	Qualcomm proposes to clarify the restriction for PDSCH mapping Type A in the case of PDCCH repetition.

Moderator’s comment: This issue can be discussed later if needed.

	O-4
	Other restrictions for linking
	Lenovo/MotM: Larger search space set ID is not expected to be configured for the search space set corresponding the first candidate between two linked search space set; Successive search space set ID configured for linked search space sets.

Moderator’s comment: This issue can be discussed after clarifications on overbooking if needed.

	O-5
	SS set group switching
	Qualcomm proposed to use the Rel. 16 SS set group switching mechanisms for more dynamic linking, or study how the two features can work together.

Moderator’s comment: Can be discussed later if needed.

	O-6
	Single-TRP PDCCH repetition
	Some companies discussed whether same CORESET/TCI state can be used for PDCCH repetitions.

Moderator’s comment: The issue has been discussed before, and majority view was that there is no need to add a restriction and it can be up to gNB implementation. 

	O-7
	Active BWP switching
	Vivo proposed to consider relaxing the existing restriction for BWP switching (DCI should be received in the first 3 symbols of the slot), and corresponding timeline changes.

Moderator’s comment: Issue was discussed in the previous meeting and most companies did not see the need to further discuss.



Please provide your comments on which of the issues O-1 to O-7 should be discussed, or any other issue that requires discussions.
	Company
	Comments

	Apple
	We think O-7 can be discussed, at least a conclusion is needed.

	LG
	There was majority (more than 15 companies) view on supporting O-1 in the last meeting and it is coupled with monitoring issue on individual candidate overlapped with linked candidate. This issue should be discussed with high priority.
We need to discuss O-2 and at least conclusion is needed.

	vivo
	· Regarding O-1, most companies support final FL’s proposal in last meeting, we suggest this issue can be discussed and confirmed with little effort. 

· Regarding O-7, there is one serious problem if PDCCH repetition is contained within first 3 symbols. For example:
In Rel-17, PDCCH repetition transmission is introduced to improve the reliability of PDCCH reception, especially in FR2 to cope with blockage. Given that some UEs cannot support two different beams reception simultaneously, only TDM based PDCCH repetition transmission is configured for these UEs. If two TDM based PDCCH repetition candidates are confined within first three symbols, there are four possible configurations as following that two CORESETs with some special durations in number of symbols cannot be configured by gNB which is too restrictive and not flexible for NW implementation.  
one CORESET with 3 symbol and another CORESET with 1 symbol
one CORESET with 3 symbol and another CORESET with 2 symbol
one CORESET with 3 symbol and another CORESET with 3 symbol
one CORESET with 2 symbol and another CORESET with 2 symbol
We expect companies to review this issue again and take into account these restrictions in real NW implementation.  

	FL
	There are already many pending issues. Some of the issues in this Section can be discussed later depending on the progress.



Reference
[1]	R1-2108757	Enhancements on multi-TRP for reliability and robustness in Rel-17	Huawei, HiSilicon
[2]	R1-2108790	Multi-TRP/panel for non-PDSCH	FUTUREWEI
[3]	R1-2108809	Remaining Details on Enhancements for PDCCH, PUCCH, and PUSCH	InterDigital, Inc.
[4]	R1-2108871	Multi-TRP enhancements for PDCCH, PUCCH and PUSCH	ZTE
[5]	R1-2108896	Discussion on enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH	Spreadtrum Communications
[6]	R1-2108952	Further discussion on Multi-TRP for PDCCH, PUCCH and PUSCH enhancements	vivo
[7]	R1-2109030	Enhancements on Multi-TRP for PDCCH PUCCH and PUSCH	Fujitsu
[8]	R1-2109039	Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH	OPPO
[9]	R1-2109104	Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH	Lenovo, Motorola Mobility
[10]	R1-2109109	Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH	TCL Communication Ltd.
[11]	R1-2109123	Discussion on multi-TRP for PDCCH, PUCCH and PUSCH	NEC
[12]	R1-2109185	On multi-TRP/panel PDCCH, PUCCH and PUSCH transmission	CATT
[13]	R1-2109271	Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH	CMCC
[14]	R1-2109351	On multi-TRP enhancements for PDCCH	Fraunhofer IIS, Fraunhofer HHI
[15]	R1-2109379	Enhancements on Multi-TRP for PDCCH, PUSCH and PUCCH	Xiaomi
[16]	R1-2109469	Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH	Samsung
[17]	R1-2109544	Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH	MediaTek Inc.
[18]	R1-2109592	Multi-TRP enhancements for PDCCH, PUCCH and PUSCH	Intel Corporation
[19]	R1-2109659	Discussion on MTRP for reliability	NTT DOCOMO, INC.
[20]	R1-2109773	Considerations on Multi-TRP for PDCCH, PUCCH, PUSCH	Sony
[21]	R1-2109824	Discussion on enhancements on multi-TRP for uplink channels	FGI, Asia Pacific Telecom
[22]	R1-2109871	Enhancements for Multi-TRP URLLC schemes	Nokia, Nokia Shanghai Bell
[23]	R1-2110014	Views on Rel-17 multi-TRP reliability enhancement	Apple
[24]	R1-2110078	Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH	LG Electronics
[25]	R1-2110104	Multi-TRP Enhancements for PDCCH	Convida Wireless
[26]	R1-2110166	Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH	Qualcomm Incorporated
[27]	R1-2110286	Discussion on mTRP PXXCH	ASUSTeK
[28]	R1-2110289	Remaining issues on PDCCH, PUSCH and PUCCH enhancements for multi-TRP	Ericsson		

Appendix: Previous Agreements
RAN1 #106-e:
Agreement
If a PDSCH is scheduled by a DCI in PDCCH candidates (the first PDCCH candidate associated with a first CORESET and the second PDCCH candidate associated with a second CORESET) that are linked for repetition:
· Confirm the WA: The UE expects the same configuration for the first and second CORESETs wrt presence of TCI field in DCI.

Agreement
For the issues involving a timeline for/related to DCI decoding, the PDCCH candidate that ends later in time among the two linked PDCCH candidates is used as a reference. This includes at least the following issues
· For N timeline and the HARQ ACK slot offset in the case that DL DCI does not schedule PDSCH but requests HARQ-Ack: SPS release DCI, SCell dormancy indication, requesting Type-3 HARQ-Ack codebook
· For SPS PDSCH cancelation timeline (14 symbols)
· For PUCCH resource overriding timeline (N3)
· For starting drx-InacitivityTimer
· For timeline to send PRACH in response to PDCCH order
· For PDSCH / AP-CSI-RS reception preparation time with cross carrier scheduling with different SCS’s for PDCCH and PDSCH / AP-CSI-RS, i.e., minimum scheduling delay Npdsch and Ncsirs
· For PHR timeline conditions for virtual versus actual PHR
· For TPC application time window to determine whether a TPC command is applicable or not
· For CPU occupation duration for AP-CSI
For the following issue, the PDCCH candidate that starts earlier in time among the two linked PDCCH candidates is used as a reference:
· For determining the most recent transmission of SRS resource(s) identified by the SRI

Agreement
Among the two Alts in RAN1 #104b-e agreement on PDSCH mapping Type B, support Alt1 (The candidate that starts later in time).

Agreement
For PDCCH repetition with two linked candidates, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped)
· Option 1: UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate)
· At least the following Rel. 15/16 rules are applicable for this purpose:
· Case 1: Overlap with SSB
· Case 2: Overlap with rate matching resources: RateMatchPattern, lte-CRS-ToMatchAround, or LTE-CRS-PatternList-r16, availableRB-SetPerCell-r16
· Case 3: Due to TDD DL/UL related conflicts: Overlap with semi-static / dynamic UL symbols or overlap with PRACH
· FFS: Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
· FFS: Case 6: Overlap with reserved PRB(s) and OFDM symbol(s) indicated by DCI format 2_1 where UE may assume no transmission intended for the UE
· Other cases are not precluded
· This does not impact the BD count for both dropped and non-dropped PDCCH candidates

Agreement 
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, select one Alt for each of Case 1 and Case 2 in RAN1 #106-bis-e:
· Case 1: 2 BDs are counted for two linked candidates:
· Alt1: No change (use existing spec)
· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.
· Case 2: 3 BDs are counted for two linked candidates:
· Alt1: Overbooking is per individual SS set as in Rel. 15/16
· Alt1-1: The third BD is counted as a virtual SS set (i.e., the virtual SS set for the third BDs is dopped before dropping the linked SS sets).
· Alt1-2: The third BD is counted as part of the SS set with higher ID.
· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.
· FFS: Inter-span PDCCH repetition for r16monitoringcapablity.

Agreement 
Study whether/how to handle UE complexity / memory requirements for linked PDCCH candidates
· The following cases can be considered:
· Case 1: One pair of linked MO’s of one pair of linked SS sets in a given slot with large number of candidates.
· Case 2: Multiple pairs of linked MO’s of one pair of linked SS sets in a given slot, where MO’s of the two SS sets are not interlaced
· Case 3: For two pairs of linked SS sets (e.g. SS sets 1 and 2 are linked, and SS sets 3 and 4 are linked), a MO of any of the SS sets (e.g. SS set 3) is in between two linked MOs of another two SS sets (e.g. SS sets 1 and 2).
· Other cases are not precluded.
· Examples of possible mechanisms to address the issue: Restrictions in the spec, UE capability, limit total number linked candidates in a slot, limit total number of linked candidates / CCEs at any given time (similar to CPU occupation)
· Whether the solution should also depend on AL of linked candidates
· The case of CA can also be considered

Agreement 
SS set configured by recoverySearchSpaceId cannot be linked to another SS set for PDCCH repetition.

Agreement 
For AP-CSI-RS scheduled by two PDCCH candidates that are linked for repetition, the UE does not expect that the AP-CSI-RS is transmitted before the first symbol of the PDCCH candidate that starts later in time.

Working Assumption
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, d1,1 for PDSCH processing time is determined
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value
· Note: Above applies at least for UEs doing selective decoding
FFS: Relaxation of processing time for soft combining of linked PDCCH candidates including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing, DCI processing (N timeline), etc.
FFS: How above applies for UEs doing soft combining

Agreement
For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple overlapping CORESETs, down-select from the following Alts in RAN1 #106-bis-e:
· Alt1: Identify the two QCL-Type D properties based on legacy priority order.
· Alt2: Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a SS set with the first QCL-TypeD (among the multiple overlapping CORESETs)
· In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
· FFS: The case of no such SS set pair
· Alt3: Assign same priority for two linked search space sets for PDCCH transmission with overlapping monitoring occasions (the priority is according to one of the two SS sets with a lower SS set ID)
· Priority order: SS type (USS/CSS) > linkage of SS sets > cell index > associated SS set ID
· Linked SS set has higher priority than individual SS set
· FFS: The case that the first QCL-TypeD is from unlinked CSS
· FFS: The case of no linked SS sets among the multiple overlapping CORESETs

Agreement
Support PDCCH repetition for Type3 CSS.

Agreement
For PDCCH repetition in Rel. 17, study the following aspects:
· Whether/how to support PDCCH repetition for Type0/0A/1/2 CSS
· Whether to support PDCCH order transmitted with PDCCH repetitions with different beams triggering CFRA for SpCell, and if it is supported how to determine the QCL assumption for the PDCCH that includes the DCI format 1_0 with RA-RNTI and the corresponding scheduled PDSCH.

Conclusion
There is no consensus in RAN1 to support inter-slot PDCCH repetition in Rel. 17.

Agreement
When one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate). 
· Whether the individual candidate is monitored or not is determined by a UE capability 
· FFS (In UE feature session): The details including reusing the reported number of BDs for this purpose, or relation to reported number of BDs
· In both cases, the individual candidate is not counted toward the BD limit.
· UE capability for max number of such overlaps is introduced 
· FFS: Value of 0 is included as a candidate value for the UE capability
· The details to be discussed as part of UE capability discussions
· FFS: When the individual candidate is monitored, the scenario where the other linked candidate is also “overlapping” (same CORESET, DCI size, CCEs, scrambling) with a second individual candidate

RAN1 #104-b-e:
Agreement
When DL DCI is transmitted via PDCCH repetition, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied, and option 2 is supported
· Option 2: The one with the lowest SS set ID is applied.
· FFS: Support of Option 2 does not mean PDCCH repetition based on two linked search space set within one CORESET is supported

Agreement
For PDSCH rate matching around the scheduling DCI in the case of PDCCH repetition, the previous agreement for FR1 also applies to FR2.

Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, support
· UE reports one [or more] number(s) as required number of BDs for the two PDCCH candidates
· Candidate values: 2, 3.
· FFS: Default behaviour
· FFS: Whether one of the candidate values imply that UE supports soft combining
· FFS: Whether additional candidate values are supported (e.g. non-integer numbers)
· FFS: RRC configuration based on reported UE capability

Agreement
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition
· For the purpose of the earliest time that the PDSCH can be scheduled as well as for the purpose of the reference symbol for SLIV (when UE is configured with ReferenceofSLIV-ForDCIFormat1_2, and when receiving the PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0), a reference candidate is used. Select one among the following:
· Alt1: The candidate that starts later in time
· Alt3: The candidate that starts earlier in time
· FFS: How to define d1,1 for PDSCH processing time in this case

Agreement
If a PDSCH is scheduled by a DCI in PDCCH candidates (the first PDCCH candidate associated with a first CORESET and the second PDCCH candidate associated with a second CORESET) that are linked for repetition, 
· Working assumption: The UE expects the same configuration for the first and second CORESETs wrt presence of TCI field in DCI.
· If the TCI field is not present in the DCI, and the scheduling offset is equal to or larger than timeDurationForQCL if applicable, PDSCH QCL assumption is based on the CORESET with lower ID among the first and second CORESETs 
· FFS: Whether additional options are needed (e.g. to enable SDM/FDM/TDM PDSCH schemes w/o TCI field in the DCI) 

Agreement
For a UE supporting reception with two different beams, support identifying two QCL-TypeD properties for multiple overlapping CORESETs
· FFS: How to enhance existing QCL-TypeD priority rules for overlapping CORESETs
· Note: The primary goal of this enhancement for the purpose of this sub-AI is to support time-overlapping PDCCH repetitions in FR2.

Agreement
When one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET, for the purpose of BD counting and interpretation of a detected DCI, select one option among the following in RAN1#105-e:
· Option 1: The individual candidate is not counted for monitoring 
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· Option 2: The candidate in a higher SS set ID is not counted for monitoring
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· Option 3: The candidate associated with SS set(s) with lower priority is not counted for monitoring, where for two linked SS sets, the priority is according to one of the two SS sets with a lower SS set ID
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· FFS: Whether a max limit on number of such overlaps is needed.
Additional specification support may be introduced for the purpose of resolving ambiguity (if any) for interpretation of the detected DCI. For example,
· Distinguished by different RNTIs defined for the linked candidate versus the individual candidate
· Distinguished by aggregation level restrictions that can be expected by the UE in the case of overlap

Agreement
For PDCCH repetition with two linked candidates, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped), select one option from Options 1 and 2 in RAN1#105-e:
· Option 1: UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate)
· Option 2: Even the candidate that is not dropped is not monitored (Both linked candidates are dropped if at least one of them is dropped)
· FFS: Which of the following Rel. 15/16 rules are applicable for this purpose:
· Case 1: Overlap with SSB
· Case 2: Overlap with rate matching resources: RateMatchPattern, lte-CRS-ToMatchAround, or LTE-CRS-PatternList-r16, availableRB-SetPerCell-r16
· Case 3: Due to TDD DL/UL related conflicts: Overlap with semi-static / dynamic UL symbols or overlap with PRACH
· Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
· Case 5: Overbooking results in one of the linked candidates not being monitored
· Case 6: Overlap with reserved PRB(s) and OFDM symbol(s) indicated by DCI format 2_1 where UE may assume no transmission intended for the UE
· Other cases are not precluded
· FFS: Whether there is an impact to BD count 


RAN1 #104-e:
Agreement
Confirm the working assumption: 
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).

Agreement
When DL DCI is transmitted via PDCCH repetition, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied. Down-select one of the following options in RAN1 #104-bis-e
· Option 1: The one with the lowest CORESET ID is applied 
· Option 2: The one with the lowest SS set ID is applied.

Agreement
For Option 2, at least for the following purposes, a reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain:
· To determine the scheduling offset to identify whether a default beam should be used for PDSCH / CSI-RS reception.
· To extend the definition of in-order for PDCCH-PDSCH and PDCCH-PUSCH, i.e., PDCCH ending symbol is the last symbol of the reference PDCCH candidate in at least the following restrictions in 38.214. 
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.
· For PUSCH preparation time (N2) and CSI computation time (Z): Last symbol of the PDCCH is based on the last symbol of the reference PDCCH candidate.
· FFS: If inter-slot PDCCH repetition is supported, for slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: The slot of the reference PDCCH candidate is used as the reference slot.

Agreement
If two PDCCH candidates that are linked for repetition do not belong to the same PDCCH monitoring occasion, the earlier PDCCH monitoring occasion is used as the reference for the following:
· Definition of counter DAI / total DAI and Type-2 HARQ-Ack codebook construction.
· Determining the last DCI for PUCCH resource determination based on the PRI field of the last DCI.

Agreement
Study whether / how to resolve the following potential issues in the case of PDCCH repetition:
· Issue 1: Starting symbol for PDSCH mapping type B as well as reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured).
· Issue 2: Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)
· Issue 3: When PDCCH repetitions are associated with different CORESETPoolIndex values, and the need to use one of them as reference for PDSCH scrambling / CRS rate matching / HARQ-Ack / etc. 
· Whether PDCCH repetition can be used with multi-DCI based multi-TRP.
· Issue 4: Whether single-TRP PDCCH repetition is supported by reusing the agreed framework.


Agreement
For PDCCH repetition, support linking two SS sets by RRC configuration:
· FFS: Whether MAC-CE can be used additionally
· When PDCCH repetition is monitored in two linked SS sets, the UE does not expect a third monitored SS set to be linked with any of the two linked SS sets.
· The two linked SS sets have the same SS set type (USS/CSS) 
· The two linked SS sets have the same DCI formats to monitor
· For intra-slot PDCCH repetition, 
· The two SS sets should have the same periodicity and offset (monitoringSlotPeriodicityAndOffset), and the same duration
· For linking monitoring occasions across the two SS sets that exist in the same slot: 
· The two SS sets have the same number of monitoring occasions within a slot and n-th monitoring occasion of one SS set is linked to n-th monitoring occasion of the other SS set

Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, down-select one of the following options in RAN1 #104-bis-e
· Option 1: UE reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X.
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 2: UE reports whether it supports soft-combining or not
· If soft-combining is supported, UE further reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X. 
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 3: UE reports one or more decoding assumptions out of decoding assumptions 1-4
· Number of BDs for decoding assumptions 1: 
· Alt1: 2 BDs
· Alt2: A value between 1 and 2 BDs
· Number of BDs for decoding assumption 2: 2
· Number of BDs for decoding assumption 3: 2
· FFS: Other values
· Number of BDs for decoding assumption 4: 3
· FFS: Other values
· Option 4: Always 2 BDs are assumed irrespective of UE’s decoding assumption 
· Option 5: Always 3 BDs are assumed irrespective of UE’s decoding assumption 
· FFS: Network configuration based on the above UE capabilities for options 1-3
Note: Specification should not be designed in such a way that the UE is required to disclose it receiver implementation

Agreement
At least for FR1, if a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources in the CORESET(s) containing the PDCCH candidates overlap with the resources of the PDSCH, the PDSCH is rate matched around the union of two PDCCH candidates and the corresponding DMRS.
· Note: This does not imply that two linked PDCCH candidates can / cannot be overlapping in resources, which is a separate discussion.
· FFS: The case of FR2

Agreement
When two SS sets are linked for PDCCH repetition, they do not contain individual PDCCH candidates. 
· Note 1: For configuration of individual PDCCH candidates, a different SS set can be configured by network.
· Note 2: When one of the linked PDCCH candidates uses the same set of CCEs as an individual PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET, Rel. 15 rule is followed wrt not counting an additional BD.

Agreement
For PDCCH repetition, two PDCCH candidates in two SS sets are linked based on
· Having the same AL and the same candidate index: 
· Two linked SS sets are configured with the same number of candidates for each AL.

Conclusion.
The agreed PDCCH repetition framework (Option 2 + Case 1 + Alt3) supports both TDM and FDM multiplexing schemes. 

RAN1 #103-e:
Agreement
For PDCCH reliability enhancements, support SFN scheme + Alt 1-1.
· FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR

Agreement
For PDCCH reliability enhancements with non-SFN schemes, support at least Option 2 + Case 1.
· Maximum number of linked PDCCH candidates is two
· FFS: Details including how the two PDCCH candidates are counted toward the BD limits and impact on overbooking, if any
· Down-select at least one Alt from Alts 1-2 / 1-3 / 2 / 3
· FFS: Linking options such as a fixed rule based on the same PDCCH candidate index, based on start CCE, based on configuration, etc. 
· FFS: additional restriction to facilitate soft combining 
· FFS: implicit PUCCH resource determination for >8 PUCCH resources in the resource set, scheduling offset for “timeDurationForQCL”, Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH, DAI for Type-2 codebook, Slot offset  for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, rate matching PDSCH around the scheduling DCI.
· FFS: whether and how to support for DCI format 2_x

Working Assumption
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).

Agreement
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, CCEs of the two PDCCH candidates are counted separately following Rel. 15/16 procedures. Further study the BD limit by considering the following
· With respect to the complexity associated with RE de-mapping / demodulation, 2 units are required
· With respect to the complexity associated with decoding, the following assumptions can be further discussed:
· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates
· Assumption 2: UE decodes individual PDCCH candidates
· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate
· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate
· Note 1: The Assumptions 1-4 are for discussion purpose only, and they may or may not have specification impact.
· FFS: The relationship between UE capability, RRC configuration, and the BD limit, and whether the Assumptions 1-4 are relevant for this purpose.
· Note 2: the BD /CCE limit here is counted based on the configuration of PDCCH monitoring capability (e.g. per slot or per span).

Conclusion
Group-common DCI formats (DCI formats 2_x) are not precluded for multi-TRP PDCCH reliability enhancements and can be discussed with a lower priority compared to UE-specific DCI formats.
Note: Enhancements required for DCI formats 2_x, if any, can be discussed case-by-case.

Agreement
When DL DCI is transmitted via PDCCH repetition (Option2 + Case 1), for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight: 
· Alt 1: Ensure same start CCE index (based on linking options) and the same number of CCEs in the two CORESETs (based on CORESET configuration restriction)
· Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied
· [bookmark: _Hlk61556465]FFS:  Which one of the linked PDCCH candidates is used.
· Alt 3: It is up to the UE to determine the PUCCH resource based on the starting CCE index and number of CCEs in the CORESET of any of the two linked PDCCH candidates
· Other alternatives are not precluded.

RAN1 #102-e:

Agreement
The following is agreed for evaluation of PDCCH
· According to the evaluation scenario (e.g., at FR1 in urban macro / at FR1 in indoor hotspot / at FR2 in indoor hotspot), one of three Tables (Table A.3-1 ~ A.3-3) of 38.824 can be a baseline of EVM for Rel-17 FeMIMO item 2a.
· System bandwidth other than those mentioned in the Tables can be considered and reported by the companies. 
· In addition, the following table is used for EVM for Rel-17 FeMIMO item 2a (Common assumptions for PDCCH/PUCCH/PUSCH)
	[bookmark: _Hlk49163453]Parameters
	Values

	The number of TRPs
	2

	Channel model
	TDL for FR1 (CDL for FR1 can be optionally used)
CDL for FR2 (TDL for FR2 can be optionally used)

	Path-loss modeling
	{0,3,6} dB gap between TRPs

	Blockage
	[bookmark: _Hlk49164794]Blockage model from Rel-16 (x dB power offset with probability p): Companies to report x and p, and other assumptions, if any.

	Target BLER
	[10^-3, 10^-4, 10^-5]: BLER values shown in plots should be based on enough number of samples, e.g., ~100/BLER samples


· The following table is used for detailed assumptions for PDCCH
	Parameters
	Values

	Baseline schemes
	Option 1: Rel-15 PDCCH
Option 2: Spec transparent SFN
For FR1: Both options 1 and 2 can be considered
For FR2: Option 1.

	AL
	8 as baseline. Companies are encouraged to simulate other AL’s additionally for different code rate regimes.

	# of RBs/symbols
	1 or 2 symbols. Companies to report # of RBs. 

	DCI payload
	40+24(CRC)=64 as baseline. Other payload values are not precluded. 

	CCE-to-REG mapping
	Both Interleaved and non-interleaved can be considered. Companies to report the assumptions including interleaverSize in the case of interleaved.

	REG bundling size
	6 and 2 as baseline.

	Precoding assumptions
	Precoding cycling, precoder granularity=REG bundle as baseline.
Closed-loop precoding can be used optionally

	Schemes
	Details of the schemes used (including TDM,FDM, etc.) to be reported by companies.

	Receiver assumption 
	Up to companies to report



Agreement
To enable a PDCCH transmission with two TCI states, study pros and cons of the following alternatives:
· Alt 1: One CORESET with two active TCI states
· Alt 2: One SS set associated with two different CORESETs
· Alt 3: Two SS sets associated with corresponding CORESETs
· At least the following aspects can be considered: multiplexing schemes (TDM / FDM/ SFN / combined schemes), BD/CCE limits, overbooking, CCE-REG mapping, PDCCH candidate CCEs (i.e. hashing function), CORESET / SS set configurations, and other procedural impacts.

Agreement
For non-SFN based mTRP PDCCH reliability enhancements, study the following options:
· Option 1 (no repetition): One encoding / rate matching for a PDCCH with two TCI states
· Option 2 (repetition): Encoding / rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload.
· Study both intra-slot repetition and inter-slot repetition
· Option 3 (multi-chance): Separate DCIs that schedule the same PDSCH /PUSCH /RS/TB/etc. or result in the same outcome.
· Study both cases of DCIs in the same slot and DCIs in different slots
Note 1: Companies are encouraged to evaluate the different options based on agreed LLS assumptions for possible down-selection in RAN1#103-e.
Note 2: The actual encoding / rate matching chain for PDCCH polar coding (i.e. 38.212 Sections 5.3.1 / 5.4.1 / 7.3.3 / 7.3.4) is not changed in the options above.

Agreement
For mTRP PDCCH reliability enhancements, study the following multiplexing schemes
· TDM : Two sets of symbols of the transmitted PDCCH / two non-overlapping (in time) transmitted PDCCH repetitions / non-overlapping (in time) multi-chance transmitted PDCCH are associated with different TCI states
· Aspects and specification impacts related to intra-slot vs inter-slot to be discussed
· FDM : Two sets of REG bundles / CCEs of the transmitted PDCCH / two non-overlapping (in frequency) transmitted PDCCH repetitions / non-overlapping (in frequency) multi-chance transmitted PDCCH are associated with different TCI states
· SFN : PDCCH DMRS is associated with two TCI states in all REGs/CCEs of the PDCCH 
· Note: There is dependency between this scheme and AI 2d (HST-SFN )
· Note: Combinations of the schemes are not precluded, and they can be discussed at a later stage.

Agreement
For Alt 1 (one CORESET with two active TCI states), study the following 
· Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.
· Alt 1-2: Two sets of PDCCH candidates (in a given SS set) are associated with the two TCI states of the CORESET, respectively 
· Alt 1-3: Two sets of PDCCH candidates are associated with two corresponding SS sets, where both SS sets are associated with the CORESET and each SS set is associated with only one TCI state of the CORESET 
· Note 1: A set of PDCCH candidates contain a single or multiple PDCCH candidates, and a PDCCH candidate in a set corresponds to a repetition or chance
· Note 2: How one or more PDCCH candidates are counted for monitoring (for BD limit) is FFS 
· The note is applicable also to other alternatives 

Agreement
For Alt 1-2/1-3/2/3, study the following
· Case 1: Two (or more) PDCCH candidates are explicitly linked together (UE knows the linking before decoding) 
· FFS: How the explicit linkage is derived/determined by the UE
· Case 2: Two (or more) PDCCH candidates are not explicitly linked together (UE does not know the linking before decoding) 
· FFS: How the UE knows the linkage after decoding 
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