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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
Related agreements are copied below:
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
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

Agreement
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, support:
· Case 1: 2 BDs are counted for two linked candidates:
· No change (use existing spec)

The remaining issue is related to overbooking for Case 2. Views are summarized below:
· Alt1: Per individual SS set dropping similar to Rel. 15:
· Alt1-1: vivo, Intel, Xiaomi
· Alt1-2: Lenovo/MotM, ZTE, Fraunhofer IIS/HHI, OPPO, LG, Intel, Xiaomi, CMCC, Apple, NTT DOCOMO, Nokia/NSB, Qualcomm, MediaTek, Ericsson
· Alt2: Huawei/HiSilicon, Apple, TCL

Given the majority view as well as spec impact, Alt1-2 is proposed below. 
FL Proposal 1: For overbooking in the PCell for USS with two linked SS sets in the same slot/span, support:
· Case 2: 3 BDs are counted for two linked candidates:
· Overbooking is per individual SS set as in Rel. 15/16
· The third BD is counted as part of the SS set with higher ID.

	Company
	Comments

	FL
	All companies other than vivo were ok with Alt1-2 in the previous meeting.
@vivo: I encourage you to accept the majority view or suggest a way forward for this issue. Note that the concern from some companies on Alt1-1 is that if UE indicates the support of 3BDs, it has to also support 2 BDs for two linked candidates in Alt1-1. For the same reason, we concluded in the previous meeting to not introduce RRC parameter or default BD number.

	NTT Docomo
	Support 

	MediaTek
	Support

	Samsung
	Support the FL proposal.

	Apple
	Although current proposal (Alt 1-2) is not our first preference, we can accept it.

	ZTE
	Support

	Lenovo/MotM
	Support

	OPPO
	Support FL proposal

	Ericsson
	Support

	Fraunhofer IIS/HHI
	Support FL proposal

	CMCC
	Support

	LG
	Support

	Xiaomi
	We can accept it.

	Nokia
	Support

	vivo
	Thanks FL for proposal, our concern is not baseless, as someone asked for performance in last meeting, we provided evaluations results in our contribution R1-2110991. It can be observed that Alt1-1 outperforms Alt1-2. 
· Firstly, when we talk about overbooking, most people get used to taking a simple assumption as example in their mind, e.g. only two PDCCH repetition candidates associated to two SS sets, it could provide a false impression that we are concern only one PDCCH candidate is dropped or kept comparing between Alt1-1 and Alt1-2, which seems not important. 
However, in real implementation, two linked SS sets are usually configured with multi-ALs and per AL is configured with multi-candidates to be monitored. Given N PDCCH candidates are configured per SS set, if Alt1-2 is supported, 2N PDCCH candidates are assumed in second SS set, in other words, when we are counting BD number until this SS set, once the remaining BD capability< 2N, this SS set with higher ID will be deleted and UE falls back to S-TRP reception. What does it mean in case of unpredictable blockage in FR2. If Alt1-1 is supported, when the {N ≤ remaining BD capability< 2N}, N PDCCH repetition candidates in this SS set are saved.

· Secondly, in order to further prove the performance of Alt1-1 comparing with Altl1-2, we present our simulation in our paper.  We copy one figure here for reference, detailed assumption of LLS can be found in R1-211099.
[image: ]

· Thirdly, we read all the viewpoints from other companies and find there is a concern that whether UE can fall back to 2 BDs if UE reporting 3BDs as FL’s comment mentioned above. In our view, the definition of BD is only related to polar decoding, 3BDs means 2 individual decoding + 1 soft bits combining decoding.
Some companies commented that UE does not disclose the processing, although these processing including individual decoding and soft bits combining is not comparable to other advanced algorithms. In fact, in other issues, we have been discussing the detailed processing of PDCCH reception in UE side, for example, we are talking about what relaxation of timeline is needed due to soft bits combining, what relationship between the different interlaced pattern or not and buffer number which is related to different UE detailed implementation.
In addition, it was agreed that UE reports a capability of whether individual candidates monitored. Then what’s the point we are discussing disclosure or not of the processing. 

Following was agreed in #106-e
	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 



When UE reports 3BDs capability, and reports the capability of supporting individual candidates monitoring. That means UE can perform 1 individual decoding + 1 individual decoding + 1 soft combining decoding, and also UE can perform only 1 individual decoding or 1 individual decoding + 1 individual decoding or 1 individual decoding + 1 soft combining decoding, which is up to UE implementation. 
@ FL, we request to resolve the yellow above highlighted part first as there is some relevance with the current discussion.
 

	CATT
	Support.

	Huawei, HiSilicon
	We can accept it following majority view, although our first preference is Alt 2.

	Futurewei
	Ok with the majority view, but we prefer Alt 2 as it is simpler for UE implementation and gives the network sufficient flexibility to prioritize different candidates.  

	Fujitsu
	Support.

	Intel
	we are okay with majority view - this should be resolved otherwise overbooking ability for scheduler is limited to 2BD case.

	QC
	Support

	Spreadtrum
	Support

	NEC
	Support 

	InterDigital
	Support FL’s proposal. 



2.1.1 Update
@vivo: Thank you for your comments. On the first bullet, this should be obvious, and I do not know why you are assuming that companies do not understand that a SS set can have multiple candidates and multiple ALs. On the second bullet (simulations), I think even w/o simulations, it is already clear the more granular overbooking is in theory more efficient. For example, one can show two curves based on the last candidate that can be dropped: one curve with BLER=1 (Rel-15 overbooking) and the other curve with small BLER if you make overbooking per candidate level (rather than per SS set level). Then, with the same argument, Rel-15 overbooking has low performance. On the last point, please refer to the complete text of the agreement with “FFS (In UE feature session): The details including reusing the reported number of BDs for this purpose, or relation to reported number of BDs”. This will be discussed in UE feature session as agreed before. 
Overall, the situation is clear and I do not think there is a need for any additional technical discussions given that pros and cons have been discussed in the past few meetings and they are well-understood to all companies.
FL Proposal 1: For overbooking in the PCell for USS with two linked SS sets in the same slot/span, support:
· Case 2: 3 BDs are counted for two linked candidates:
· Overbooking is per individual SS set as in Rel. 15/16
· The third BD is counted as part of the SS set with higher ID.

Cross-carrier scheduling
We had the following working assumption is the previous meeting:
Working Assumption
[bookmark: _Hlk87116777][bookmark: _Hlk87116778]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 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 SS set IDs are also linked.
· Note: The PDCCH candidates associated with the scheduled CC are defined as part of SS sets for scheduled CC instead of SS sets for scheduling CC (Same as Rel-15)

There seems to be no issue or concern with confirming the working assumption:

FL Proposal 2: Confirm the following working assumption in RAN1 #106-bis-e:
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 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 SS set IDs are also linked.
· Note: The PDCCH candidates associated with the scheduled CC are defined as part of SS sets for scheduled CC instead of SS sets for scheduling CC (Same as Rel-15)

	Company
	Comments

	NTT Docomo
	Support 

	MediaTek
	Support

	Samsung
	Support the FL proposal.

	Apple
	OK

	ZTE
	Support

	Lenovo/MotM
	Support

	OPPO
	Support FL proposal

	Ericsson
	Support

	Fraunhofer IIS/HHI
	Support

	CMCC
	Support

	LG
	Support

	Xiaomi
	Support 

	Nokia
	Support

	vivo
	Support the FL proposal.

	CATT
	Support

	Huawei, HiSilicon
	Fine with the proposal.

	Futurewei
	Support

	Fujitsu
	Support

	QC
	Support

	ASUSTeK
	Support

	Spreadtrum
	Support

	NEC
	Support

	InterDigital
	Support FL’s proposal. 



2.2.1 Update
All companies are ok with the proposal. 
FL Proposal 2 (offline agreement): Confirm the following working assumption in RAN1 #106-bis-e:
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 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 SS set IDs are also linked.
· Note: The PDCCH candidates associated with the scheduled CC are defined as part of SS sets for scheduled CC instead of SS sets for scheduling CC (Same as Rel-15)

Ambiguity issue between AL8 and AL16
The following was noted for further study in the previous meeting
For RAN1#107-e:
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)

Most companies discussed this issue in their contributions (InterDigital, Huawei/HiSilicon, FUTUREWEI, vivo, CATT, OPPO, Intel, CMCC, Samsung, Nokia/NSB, Qualcomm, TCL, MediaTek, Ericsson), and they had more or less similar directions to address this issue.

First, Case c1 can be error case similar to the agreement in the previous meeting on the case of complete overlap (same CCEs). Second, for rate matching around the scheduling DCI, a unified solution to address all cases (case b and case c2 would be relevant) seems to be the straightforward approach and aligned with the majority view. Third, for interpretation of a detected DCI (with respect to timeline, PRI/DAI, etc.), following Rel-17 PDCCH repetition rules for Case a and Case b would be consistent with the previous agreement on the case of complete overlap (same CCEs). Given these, the following proposal is suggested:

FL Proposal 3: To address the ambiguity issue between AL8 and AL16 candidates in the presence of PDCCH repetition:
· For two linked AL8 PDCCH candidates in a first and second SS sets and two linked AL16 candidates in a third and fourth SS sets, UE expects different starting CCEs in a CORESET for any of the linked AL8 candidates and any of the linked AL16 candidates if the CORESET spans one OFDM symbol (i.e., Case c1 is not expected by UE)
· If two PDCCH candidates with AL8 and AL16 have the same start CCE in a CORESET with one OFDM symbol: 
· When at least one of the two PDCCH candidates is linked with other PDCCH candidate, and UE receives a DCI on any of the two PDCCH candidates, a scheduled PDSCH by the DCI is rate matched around the two PDCCH candidates and any PDCCH candidate linked with any of the two PDCCH candidates (i.e., rate matching in Cases a, b and c2 is around the union of candidates)
· When one of the first or second PDCCH candidate is linked to another PDCCH candidate for PDCCH repetition (i.e., Cases a or b), interpretation of a detected DCI via any of the first or second PDCCH candidates is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).

	Company
	Comments

	NTT Docomo
	Support 

	MediaTek
	Support

	Samsung
	Support the FL proposal in principle. In addition, as we mentioned in our tdoc, for case c2, there can be a reference PDCCH candidate issue regarding PUCCH resource determination since start CCE can be different at a certain SS set. Although PUCCH resource determination rule with PDCCH repetition was already agreed by using the CORESET associated with the lowest SS set ID, it is still ambiguous whether the PUCCH resource determination is based on start CCE for AL8 or AL16 PDCCH candidate. Hence we would like to suggest adding this point as well.

	Apple
	It seems the two sub-bullets are not well aligned? 

We think one simple way is to use a common solution for all cases, and the first sub-bullet seems to be a good starting point.


	ZTE
	We don’t think the enhancement is critical. 
Based on Rel-15/16 discussion, the description captured in 38.214 is mostly used for PDCCH candidates AL16 and AL8 with the same DCI size, scrambling ID, even the same CORESET and SS set. For Rel-17 PDCCH repetitions typically from different two SS sets and different CORESETs, we think above four cases are not typical from gNB configuration perspective as the motive of such configurations is not clear.  Hence, we expect the cases will happen with extremely low probability. Once some happen, it will be up to UE. 
Moreover, this will lead to dynamic switching between Rel-15/16 operation and Rel-17 operation for rate matching and scheduling rule(one of PDCCH repetition is reference for DAI, PUCCH determination etc.) depending on CCE mapping. This cause high complexity from both gNB and UE side. 

	Lenovo/MotM
	Support

	OPPO
	Support in principle

	Ericsson
	Support

	CMCC
	Support

	LG
	We also have a similar view with Apple and ZTE. We supports the first bullet point and we can further discuss case a,b,c2 with considering them as error case.

	Nokia
	Support

	vivo
	· Regarding the bullet1, it seems the configuration of two pairs of PDCCH candidates associated to four different SS sets are precluded in this issue. 
@ FL, is the pattern in the following figure precluded?  Based on the current wording “any of the linked AL8 candidates and any of the linked AL16 candidates”, we think it is precluded. 


· Regarding the sub-bullet 2-1: 
the wording “UE receives a DCI on any of the two PDCCH candidates” is bit confusing, seems that it only include the case UE decodes PDCCH successfully in any one of these two PDCCH candidates with same start CCE. It is better to change with “UE receives a DCI with AL 8 or with AL16 ”. 
        Furthermore, the pattern in the following, we wonder whether it is included in case of c2 ?




	CATT
	Support in principle, the condition of “non-interleaved CORESET” should be added to the first bullet.

	Huawei, HiSilicon
	Support the proposal.

	Futurewei
	Fine with the proposal in principle.

	Fujitsu
	Support

	Intel
	Support in principle, the wording in 2nd bullet is a little confusing as there are many references to “candidates”

	QC
	Ok with the proposal.

	ASUSTeK
	Support in principle.

	NEC
	Fine with the proposal.

	InterDigital
	Support FL’s proposal. 


2.3.1 Update
The proposal is supported by the majority of companies. Please see some comments below:
@Samsung: Yes. However, the issue occurs only if in the other CORESET, AL8 and 16 do not have same starting CCEs and that other CORESET is associated with the SS set with lower ID. Then, one potential solution is network ensures that in this situation, the CORESET with the same start CCE for AL8 and AL16 candidates is associated with the SS set with lower ID. Anyway, we can discuss this remaining aspect after finalizing this current proposal which is simpler. I will add an FFS.
@Apple, ZTE, LG: Given the agreements for the case of complete overlap (same CCEs), it is preferred to have a coherent and consistent solution also for this case. I did not find a technical reason why this issue is less relevant than the case of complete overlap. 
@ZTE: My understanding is that the Rel-15 issue was for the same CORESET but not necessarily for the same SS set. For this issue, PDCCH repetition is for different CORESET, but the issue is when one of the CORESETs has AL8 and AL 16 with the same start CCE (which is similar to Rel-15). Also, I am not sure why the probability of this happening is lower than the probability of the case of complete overlap with the same exact CCEs that we agreed. With regard to the complexity, is it more than the case of complete overlap (same CCEs) since the BD is not even counted based on the agreement?
@vivo: For the first Figure (4 SS sets), yes, it is precluded to simplify the spec impact, which is similar to the agreement for the case of complete overlap. For the second Figure (2 SS sets), it is included in c2. For the bullet 2-1, I tried to clarify in the following (Intel also had similar comment).
@CATT: Even though in Rel-15, the spec is only for “non-interleaved CORESET”, I think the same exact issue happens for interleaved CORESET. Let’s capture this point as a FFS and discuss it in the next round.
Updated FL Proposal 3: To address the ambiguity issue between AL8 and AL16 candidates in the presence of PDCCH repetition:
· For two linked AL8 PDCCH candidates in a first and second SS sets and two linked AL16 candidates in a third and fourth SS sets, UE expects different starting CCEs in a CORESET for any of the linked AL8 candidates and any of the linked AL16 candidates if the CORESET spans one OFDM symbol (i.e., Case c1 is not expected by UE)
· If two PDCCH candidates with AL8 and AL16 have the same start CCE in a CORESET with one OFDM symbol: 
· When at least one of the two PDCCH AL8 or AL16 candidates is linked with other PDCCH candidate, and UE receives a DCI on any of the two PDCCH AL8 or AL16 candidates, a scheduled PDSCH by the DCI is rate matched around the two PDCCH AL16 candidates and any PDCCH candidate linked with any of the two PDCCH AL8 or AL16 candidates (i.e., rate matching in Cases a, b and c2 is around the union of candidates)
· When one of the first or second PDCCH AL8 candidate or the AL16 candidate is linked to another PDCCH candidate for PDCCH repetition (i.e., Cases a or b), interpretation of a detected DCI via any of the first or second PDCCH candidates is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· FFS (to be resolved in this meeting): Whether the above is applicable to non-interleaved CORESET only or both interleaved and non-interleaved CORESET
· FFS (to be resolved in this meeting): Whether/how to resolve potentially ambiguity for PUCCH resource determination for Case c2

UE complexity / memory requirements
For this issue, related agreements are copied below
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

For RAN1#107-e:
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
· 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

The views on the alternatives to address the issue are summarized below:
· Alt1-1: Huawei/HiSilicon, Lenovo/MotM, Intel, Xiaomi, CMCC, Samsung, Apple, Qualcomm, MediaTek
· Alt1-2: FUTUREWEI, Lenovo/MotM, vivo, Spreadtrum, Fraunhofer IIS/HHI, OPPO, CMCC, NEC, Nokia/NSB
· Alt2: InterDigital, Fraunhofer IIS/HHI, OPPO, LG, Xiaomi, NEC, Samsung, Convida Wireless, MediaTek
· Alt3: Xiaomi, CMCC
· Alt4: ZTE
A clear majority of companies agree with the issue and think it should be addressed. There is similar level of support for Alt1-1, Alt1-2, and Alt2. It is observed that most UE vendors prefer Alt1-1. It is also mentioned by companies that Alt1-2 does not differentiate between interlaced MO’s versus non-interlaced MO’s in a slot, and Alt2 may be too restrictive and does not address Case 1. Hence, it is suggested to focus on Alt1-1 and finalizing the details related to it in this meeting. The following points/details regarding Alt1-1 were discussed in the contributions:
· Accurate definition of “at any given time” and the UE indicated limit is needed.
· Inter-span versus intra-span PDCCH repetition may need to be considered differently, i.e., intra-span case may not require additional memory for LLR storing.
· Memory requirement for LLR storing may not be the same for AL=1 versus AL=16. It was suggested to consider the ratio of mother code length (i.e., size of circular buffer) and scale the number accordingly.
· Multiple companies suggested that both per-CC limit as well as limit across all CC’s is needed since the memory requirement may not scale with number of CCs (similar to BD limit in legacy, i.e., pdcch-BlindDetectionCA).

The following is a more precise formulation of Alt1-1 considering the aspects above with more details on FFS’s:
FL Proposal 4: To handle UE complexity / memory requirements for linked PDCCH candidates, the number of occupied “memory units” at any given time shall not exceed a corresponding limit indicated by UE capability:
· Any two linked PDCCH candidates occupy a number of memory units starting from the end of the PDCCH candidate that ends earlier in time until the end of the PDCCH candidate that ends later in time. 
· The number of occupied memory units depends on AL [1 for AL=1; 2 for AL=2; 4 for AL=4 or 8 or 16]
· [If two linked PDCH candidates are in the same span, they do not occupy any memory units]
· The limit is indicated per CC and also across all CCs, and the number of occupied memory units at any given time is determined per CC and also across all CCs

Please comment both with respect to the general direction of Alt1-1, as well as the specifics in the proposal above such as texts in brackets.
	Company
	Comments

	NTT Docomo
	Support 

	MediaTek
	Support in principle, but the bullet “[If two linked PDCH candidates are in the same span, they do not occupy any memory units]” seems unnecessary. Suggest to remove it.

	Samsung
	Support the FL proposal. We tend to have similar thinking with MediaTek. Why the second sub-bullet is needed? Also, since Alt.1-2 and Alt.2 in the previous agreement have similar level of support with Alt.1-1, we would like to suggest to capture Alt1-2 and Alt2 as FFS.

	Apple
	We suggest we consider some delay. Only to define it as “until the end of the PDCCH candidate that ends later” is not enough. The memory would be occupied until UE finished soft combining. We suggest we define it as “until X symbols after the end of the PDCCH candidates that ends later”. We can FFS the value of X. 


	ZTE
	Don’t support the FL proposal. We think this is an over-design. Intra-slot/span case and inter-span case should be discussed separately. 
For intra-slot or intra-span PDCCH repetition, UE anyway needs to buffer all candidates via slot/span basis because BD and CCE calculation is per slot/span.There is no extra UE memory complexity compared with Rel-15/16. 
For inter-span PDCCH repetition, we have already agreed it is an additionally optional UE feature. Definitely, higher UE memory/complexity has been considered in such UE capability. 

	Lenovo/MotM
	We are fine with the proposal in principle. But for the first bullet, we think the occupation time for memory units can be: 
starting from the end of the PDCCH candidate that ends earlier in time until the end of the PDCCH decoding 
since it is safe that the soft buffer is released until finishing PDCCH decoding.

	OPPO
	It is not preferable to introduce additional aspect (i.e., memory unit) on top of PDCCH candidate and CCE number. It will complicate the spec unnecessarily.  If the groups go with Alt.1-1, we suggest to use the number of PDCCH candidates rather than number of occupied memory units.
Moreover, we agree with Samsung that Alt.1-2/Alt.2 got similar level of support. We can support more than one option, and UE can have the flexibility to report one or more capabilities. 


	E///
	We are fine with the FL’s proposal in principle.  
We think intra-span repetition does not require extra memory and the discussion (if more is needed) should therefore be focused on inter-span repetition.

	Fraunhofer IIS/HHI
	We agree with Samsung and OPPO’s views on Alt. 1-2 and Alt. 2. They have almost the same level of support. More than one option can be supported with UE choosing which one(s) to report.

	CMCC
	Support in principle.

	LG
	In our view, the FL’s proposal seems to be over optimized and complicate. Our first preference is Alt 2 but if scheduling restriction is concern we can consider Alt 3. It also provides UE implementation flexibility and simpler than Alt 1. Therefore, we suggest to keep Alt 2 and 3 as well. 

	Xiaomi
	We are fine with the proposal in principle. As for “at any given time”, we think it can be replaced by “at any symbol”. We are fine to introduce a delay for PDCCH decoding, but the delay should be within a same slot, not cross slots.

	Nokia
	We are ok in principle with Alt.1-2, and also OK with Alt.1-1, but we do not think “memory units” is something that is needed to introduce if that can be avoided by some other means of indicating the UE capability. The network does not need to know how the memory is used by the UE and only interest on any limits on PDCCH repetitions that it can schedule towards the UE at given time. We would be ok with something like below. 

[bookmark: _Hlk87475444]FL Proposal 4: To handle UE complexity / memory requirements for linked PDCCH candidates, address the issue by UE capability, where UE indicates a limit associated with the total number of linked candidates (X) of which the first candidate is received and the second one has not been received at any given time. 
· The limit X may be indicated as a total count assuming count 1 for AL=1; 2 for AL=2; 4 for AL=4 or 8 or 16. 
The limit X is indicated per CC and also across all CCs, and the number of occupied memory units at any given time is determined per CC and also across all CCs

	vivo
	It seems that the operating principle of Alt 1-1 in proposal refers to figures from huawei’s paper, copied here (ref R1-2110782)
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                            CASE1 
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                                              CASE2
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                                                   CASE 3

	
	The number of linked candidates of which the first candidate is received and the second one has not been received at the last symbol of candidate 3 in SS set 0

	Case 1
	4

	Case 2
	4

	Case 3
	1




We would like ask following two questions .
Q1: if Alt 1-1 is supported in FL’s proposals, does all companies agree the rule of buffer counter in the above table? 
       If not align, there is misunderstanding between different gNB vendors and UE vendors and the scheme cannot work. We think it is should be confirmed.
Q2: since it has been agreed to support type 3 CSS PDCCH repetition which is mainly applied to group UEs to reduce the overhead of DCI.  If different UEs report respective memory capability which is corresponding to different demand of PDCCH repetition pattern, how to realize the type 3 CSS configuration for a group of UEs?

In our views, considering different processing in different UE implementation, e.g. the number of buffer units, the processing timeline of hardware and maybe the feature of PDCCH repetition is introduced to RedCap in the future, the proposal seems too restrictive, which is unlikely to match with all kind of UEs.  
It is better to give the freedom back to UE, for example, Alt. 1-2 is good choice, where gNB only concern the number of linked PDCCH candidates rather than various pattern of per UE. 

	Huawei, HiSilicon
	We support the proposal.
Regarding the comment of ZTE “For intra-slot or intra-span PDCCH repetition, UE anyway needs to buffer all candidates via slot/span basis because BD and CCE calculation is per slot/span.”, for UE implementation, to fulfil the URLLC requirement, UE may process the candidates immediately after receiving the search space. Then there’s no overall buffer of a span or slot for search spaces.
For Vivo’s first question, I think companies support the FL’s proposal would believe it resolves the UE requirements no matter what the implementation is. 
For the second question, it seems Alt 1-2 would impose larger restriction. For Alt 1-2, UE has to assume the worst case of the interlacing of linked search spaces, and thus has to report a smaller total number of linked candidates in a slot, while for Alt 1-1, there’s no such restriction on total number as long as the interlacing is restricted.


	MediaTek2
	We have the similar views as Huawei/HiSilicon.
@ ZTE
For inter-span repetition, UE doesn’t necessarily increase the LLR buffer if we only allow interlacing pattern of MOs of linked SS sets. For example, if we have 4 spans in a slot for (X, Y) =  (4, 3) monitoring capability, BD number for each span is 28 for 15 KHz SCS. Then, UE just needs LLR buffer for 28 candidates for interlacing case. But for non-interlacing pattern (For example, MO1 of SS set 1 in span 1, MO2 of SS set 1 in span2, MO1 of SS set 2 in span 3, MO2 of SS set 2 in span 4), UE needs LLR buffer for 56 candidates. 

@ vivo 
What is misunderstanding between gNB and UE vendors? For CSS scheduling, this kind of problem is always happening even for other cases not only for PDCCH repetition. That is why we are using fallback DCI, basic schemes, etc for common channels in order to support both less-capable UEs and more-capable UEs. Therefore, for CSS PDCCH repetition, gNB can always schedule interlacing pattern for all different levels of UEs. 

	Futurewei
	Fine with the proposal. Our first preference is Alt1-2, but we are also fine with Alt1-1 if that represents the majority, and we think the difference between Alt1-2 and Alt1-1 is not critical.

	Intel
	we think its overkill to introduce such “memory units” approach – this would make more sense when PDCCH processing latency is much smaller than the time during which storage is occupied (for e.g. if we consider inter-slot repetition that is not supported currently), not in the current situation

	QC
	Support the proposal. In order to make this actually useful at the UE side for implementation, we cannot treat different ALs the same way. 
Also, we do not find Alt1-2 meaningful as the locations of MO’s wrt each other are the important part. For Alt2, while it can address some of the issues, it does not take into account the actual capabilities of the UE.

	NEC
	Fine with the proposal.

	InterDigital
	There is significant support from companies for Alt 2 so we think it should be considered. As a compromise, we agree with Samsung/OPPO to support more than one alternative. 


2.4.1 Update
Majority of companies are supportive or ok with the direction of the proposal while some companies prefer to not introduce a new concept such as “memory unit”. The updated proposal is based on Nokia’s suggestion, which is based on original Alt1-1 language. Also, I think it is not realistic to have more than one option to address the same issue, and given that UE vendors are generally fine with Alt1-1, I suggest to not discuss additional alternatives on top of that. Please also see some comments:
@Apple: If we add a delay for the end of the later PDCCH candidate, should we also add a delay for the ends of the earlier PDCCH candidate (when the occupation starts)? If yes, then everything is shifted in time by X symbols and this should not play a role. My understanding is that this not for regular symbol buffering but is for LLR buffering. Hence, if X is added in the end, it is logical to add to the beginning as well.
@vivo: My understanding is aligned with the numbers in your table assuming same AL in the Figure.
Updated FL Proposal 4: To handle UE complexity / memory requirements for linked PDCCH candidates, address the issue by UE capability, where UE indicates a limit (X) associated with the total number of linked candidates of which the first candidate is received and the second one has not been received at any given time. 
· The limit X is indicated as a total count assuming count 1 for AL=1; 2 for AL=2; 4 for AL=4 or 8 or 16. 
· The limit X is indicated per CC and also across all CCs
· Note: “received” and “not been received” is wrt the end of the corresponding PDCCH candidate.
Additional issues requiring a reference PDCCH candidate
In the previous meeting, the following issues were agreed to be further studied:
Agreement
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 'on' when it overlaps with multiple CORESETs with different QCL-TypeD.
· 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
· 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

Regarding the above four issues as well as some other issues mentioned by companies, the views are summarized below:
· Issue a:
· Use QCL-TypeD of the CORESET with lowest ID: Huawei/HiSilicon, vivo, CMCC, NTT DOCOMO, Nokia/NSB, MediaTek, Ericsson
· Use QCL-TypeD of CORESET associated with the search space set with lowest ID among two configured linked search space sets: Lenovo/MotM, Samsung, Qualcomm (similar issue exists for PDSCH)
· CSI-RS and all CORESETs which can be monitored are quasi co-located with 'QCL-TypeD': CATT
· Reuse legacy priority rule: OPPO
· Not necessary: Intel
· Issue b:
· Use the CORESET with lower ID: Huawei/HiSilicon, Lenovo/MotM, CATT, OPPO, Intel, NTT DOCOMO, Nokia/NSB, MediaTek
· Use lower RB between lowest RBs of two CORESETs: vivo, CATT, Xiaomi, Ericsson
· Use CORESET associated with the search space set with lowest ID: Samsung
· Issue c: 
· Do not rate match around dropped PDCCH candidate: vivo
· Not necessary: Huawei/HiSilicon, CATT, OPPO, Intel, Nokia/NSB, Qualcomm, MediaTek, Ericsson
· Issue d: 
· Use the candidate that ends later: Fujitsu, Samsung, Ericsson
· Not necessary: Huawei/HiSilicon, CATT, OPPO, Intel, Nokia/NSB, Qualcomm, MediaTek
· Other similar issues mentioned by companies:
· Issue e: In UL resource allocation type 2, to determine the uplink RB set of PUSCH scheduled by PDCCH repetition of DCI format 0_0 in two linked CSS, PDCCH candidate with lower CORESET ID among the linked candidates can be used as reference: NTT DOCOMO
· Issue f: Restriction for same-slot scheduling of PDSCH with mapping Type A: Qualcomm
· Issue g: Use candidate that ends later in time for active NZP CSI-RS resource / port determination, and for CPU occupation duration for first instant of SP-CSI on PUSCH: Lenovo/MotM
· Issue h: For beam reset after BFR (28 symbols after PDCCH), use the candidate that ends later in time as a reference (for SCell BFR or CBRA-based BFR in the PCell/PSCell): Qualcomm
· Note that it is already agreed that SS set configured by recoverySearchSpaceId cannot be linked to another SS set for PDCCH repetition (for CFRA-based BFR in the PCell/PSCell)
· Issue i: Use the PDCCH candidate that starts earlier in time for validity of DFI in Section 10.5 of 38.213: Qualcomm
· Issue j: Whether for the following restriction in 38.213, two linked PDCCH candidates are counted as one PDCCH or not: Samsung
For a scheduled cell and at any time, a UE expects to have received at most 16 PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16 PDSCH receptions for which the UE has not received any corresponding PDSCH symbol and at most 16 PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16 PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol.

As majority of companies do not see the need to further discuss issues c and d, we only focus on the details of issues a and b, as well as other issues e-j above. Note that how to capture these in the spec is obviously up to the editors. For example, in current draft Rel-17 specs, the editor of 38.213 captures most of the earlier agreements by a general description and the editor of 38.214 captures related agreements case-by-case.

Before discussing the proposals for these issues, it might be helpful to align the understanding about the following questions:

Q1: For issue a, given that the rule also applies to intra-band CA, how lowest CORESET ID / SS set ID is interpreted? Can we instead use “first determined QCL-TypeD” which has a clear definition based on the earlier agreement?
Q2: Is there a need to consider the following rule in 38.214 (related to overlap between PDCCH and PDSCH) as part of discussions related to issue a?
if the qcl-Type is set to 'typeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers).
Q3: For issue b, do you see any benefit if instead of using the CORESET with lower ID, we use the CORESET with lowest ? If so, please explain the reason.
Q4: Do you agree that issue e related to the following rule in 38.214 (for uplink resource allocation type 2) should be handled similar to issue b?
For DCI 0_0 monitored in a CSS with CRC scrambled by an RNTI other than TC-RNTI, the uplink RB set is the lowest indexed one amongst uplink RB set(s) that intersects the lowest-indexed CCE of the PDCCH in which the UE detects the DCI 0_0 in the active downlink BWP. If there is no intersection, the uplink RB set is RB set 0 in the active uplink BWP.
Q5: Do you agree in principle with issues f, g, h, i, j with the understanding that how to capture them in the spec is up to the editors?
Please provide your answers to the questions Q1-Q5 above.
	Company
	Comments

	NTT Docomo
	Q1: agree to use “first determined QCL-TypeD”
Q2: we think the issue needs to be considered.
Q3: we think CORESET with lower ID can be used. Also fine to use CORESET with lowest .
Q4: agree issue e needs to be handled.
Q5: agree in principle 

	MediaTek
	Q1: Fine with “first determined QCL-TypeD”
Q2: Should be considered.
Q3: CORESET with lower ID should be enough.
Q4: Agree with issue e. Support the current proposal.
Q5, Agree with issues. We are fine with leaving it to the editors. Or we can also discuss them during the meeting.

	Samsung
	Q1. If “first determined QCL-TypeD” means the first identified QCL-TypeD based on QCL prioritization rule for PDCCH repetition, we are fine.
Q2. We are fine with this.
Q3. As an aligned approach with PUCCH resource determination, we prefer to use the CORESET associated with a SS set with the lowest ID.
Q4. We are fine with handling both.
Q5. We are fine that how to capture is up to editors.

Regarding issue d above, if we do not discuss have any clarification on issue d, we wonder what the UE behavior would be. It seems that UE will report 2 A/N bit for the release PDCCH with type-1 CB which is clearly redundant and not intended. It also makes it impossible for gNB to schedule a PDSCH with the SLIV in one of the A/N locations. We think this should not be ignored.

	Apple
	Q1: We do not think any change is needed. This is to define a QCL restriction for gNB indication to avoid QCL-TypeD collision instead of a beam indication scheme for CSI-RS.
Q2: No. This sentence is to define that the priority for PDCCH is higher than PDSCH. It seems no change is needed.
Q3: No.
Q4: OK to handle both
Q5: No. It would be better that RAN1 can come up with a TP.

	ZTE
	Q1: The same view as Apple. This is not to default beam of CSI-RS, it is just a restriction, i.e. CSI-RS is transmitted only if its QCL is the same as PDCCH.
Q2: We are fine to consider this. 
Q3: It is simple to use the CORESET with lower ID
Q4: Yes
Q5: We prefer discuss these issues in RAN1 instead of up to editor

	Lenovo/MotM
	Q1: Fine with “first determined QCL-TypeD”
Q2: we think the issue needs to be considered
Q3: Not see clear benefit and we prefer to use the CORESET with lower ID
Q4: We are fine with handling both
Q5: Agree with issues. We are fine with leaving it to the editors.


	OPPO
	Q1: We tend to agree with Apple/ZTE. 
Q2: No. No change is needed here
Q3: CORESET with lower ID is enough
Q4: Agree with issue e
Q5: It is better for RAN1 to make clear agreement for these issues.

	E///
	Q1:  If CSI-RS’ configured QCL-D is the same as one of the two determined QCL-D for the CORESETs, the configured CSI-RS QCL-D should be used. If the configured CSI-RS QCL-D is different from any of the two determined QCL-D,  one of the determined QCL-D is used.  Using the one associated with a CORESET with the lowest ID is slightly preferred. 
Q2:  yes.
Q3: either the lowest starting RB of the two CORESETs or the starting RB of the CORESET with lower ID is fine to us.  
Q4: we are fine to consider the case.
Q5: agree in principle 

	Fraunhofer IIS/HHI
	Q1: Fine with ‘first determined QCL-typeD’
Q2: Ok to consider the issue
Q3: CORESET with lower ID is preferred
Q4: Yes 
Q5: Yes

	CMCC
	Q1: Fine with “first determined QCL-TypeD”
Q2: We think it should be considered.
Q3: CORESET with lower ID should be enough.
Q4: Fine to handle this.
Q5: We prefer RAN 1 discuss these issues.

	LG
	Q1: agree with Apple/ZTE/OPPO
Q2: No
Q3: either one is fine to us
Q4: Fine to handle this.
Q5: We can discuss issues with low priority.

	Xiaomi
	Q1: agree with Apple
Q2: does it mean that the priority of PDCCH should be higher than CSI-RS in issue a? if the answer is yes, we think it need to be considered.
Q3: with lowest means larger bandwidth for PDSCH, which can improve the scheduling flexibility.
Q4: fine to handle both.
Q5: prefer to discuss these issues in RAN1.

	Nokia
	Q1: Yes, we can use first determined QCL-TypeD
Q2: Seems spec text is already capturing priority on PDCCH (unless we define different thing here). 
Q3: No
Q4: ok to consider. 
Q5: Yes. 

	vivo
	Q1: Although this issue was raised by us, after further discussion internally we agree with Apple/ZTE/OPPO’s comments. Definitely, it is not related to default beam rule but only for a restriction of gNB configuration, where gNB should ensure same QCL-typeD configuration.  If UE can receive two different beams of CORESET concurrently, gNB should ensure the configuration of reception beam for CSI-RS is identical to either one of reception beam for two CORESETs. It seems that there is no change in current spec.
However, if companies want to confirm one certain CORSET, we support a CORESET with the lowest ID.

The wording from 38.214 is copied here
	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.



Q2:  seems that it only restricts UE receive PDCCH with higher priority while how to buffer PDSCH is not concerned. we do not see the purpose of enhancement or any clarification.

Q3: we support lowest RB start index between two CORESETs.  In the following figure, if the RB start index of CORESET with lowest ID is referenced, the scheduling of PDSCH is only contained into small bandwidth, which reduces the flexibility of resource allocation.

                                        
Q4: Agree
Q5:  Based on the current CR, if these issues are related to 38.213, general rule is applied, while if these issues are related to 38.214, they should be discussed case by case.

	CATT
	Q1: Fine with “first determined QCL-TypeD”.
Q2: This issue needs to be considered.
Q3: Both options can be considered.
Q4: Yes.
Q5: We can discuss these issues with low priority.

	Huawei, HiSilicon
	Q1: Yes.
Q2: Yes.
Q3: No
Q4: Yes.
Q5: For issue f, a similar issue also needs to be handled. In current spec, DCI format 2_0 is restricted within the first 3 symbols to resolve the timeline of SFI, otherwise, there would be problem on the cancellation of UL transmission/DL reception due to the collision with SFI indication. Following the principle in current spec, if the DCI format 2_0 is with repetition or overlapped with a linked candidate, it should also be restricted within the first 3 symbols, or more preferred, the interpretation of DCI format 2_0 should not be touched, i.e., following Rel-15/16 rule.
There’s similar issue for BWP switching DCI.

	Futurewei
	Q1: Ok with “first determined ” if it is well defined (e.g., as suggested by Samsung) or CORESET/SS set with lowest ID.
Q2: Yes
Q3: CORESET with lower ID works fine.
Q4: Yes
Q5: Ok, but clear agreements are better if time allows.

	Fujitsu
	Q1: same view as E///.
Q2: We are fine to consider this issue.
Q3: No
Q4: We are fine to handle this.
Q5: Agree in principle.

	Intel
	Q1. we think the current spec. allows UE to prioritize PDCCH which is the main intention. No need for additional spec.
Q2. This is a broader issue than PDCCH repetition
Q3. No
Q4. Yes
Q5. better to have RAN1 agreements

	QC
	Q1: Yes
Q2: A clarification would be helpful that if the PDSCH beam is the same as one the first or second QCL-TypeD for PDCCH, nothing is dropped (no need for prioritization)
Q3: No.
Q4: Yes.
Q5: Yes.

	ASUSTeK
	Q1: using first determined QCL-TypeD is preferred
Q2: Fine to handle this.
Q3: CORESET with lower ID is enough
Q4: Fine to handle this.
Q5: Agree in principle

	InterDigital
	Q1: Yes.
Q2: The existing spec seems to already capture that PDCCH has higher priority over PDSCH. 
Q3: Either option is ok. 
Q4: Yes.
Q5: Yes.



2.5.1 Update
The inputs for these issues as well as some other points companies mentioned in Section 2.9 will be summarized in the next round.
Additional restrictions
The following additional restrictions have been mentioned in the contributions:
Restriction 1: Larger search space set ID should not be configured for the search space set corresponding to the earlier candidate between two linked search space sets 
· Motivation is decoding the candidate with higher priority / lower SS set (e.g., for overbooking) first in time: Lenovo/MotM, vivo

Restriction 2: Successive search space set IDs should be configured for linked search space sets
· Motivation is ensuring consecutive priorities for two linked PDCCH candidates (e.g., for overbooking): Lenovo/MotM

Restriction 3: For two pairs of linked PDCCH candidates monitored in a given CC, UE does not expect to handle the case where the earlier PDCCH candidate of the first pair starts earlier than the earlier PDCCH candidate of the second pair while the later PDCCH candidate of the first pair ends later than the later PDCCH candidate of the second pair.
· Motivation is ensuring UE processes the decoded DCIs in the same order for different procedural rules (i.e., prevent out-of-order between two pairs of linked candidates): Qualcomm

Please provide your views on the restrictions above:
	Company
	Comments

	NTT Docomo
	We think these restrictions are not necessary 

	MediaTek
	Restrictions 1 and 2 are unnecessary but Restriction 3 is needed.

	Samsung
	We cannot see the necessity on all 3 restrictions. Regarding 1 and 2, gNB can schedule properly. Regarding 3, if this is not related to “UE complexity / memory requirements” as in section 2.4, we think that this is not needed. We already agree the reference PDCCH for out-of-order and the situation described in restriction 3 may not violate the rule.

	Apple
	We failed to see necessity for restriction 1 and 2.
For restriction 3, are the two pairs in the same linked SS sets pair or different?

	ZTE
	We fail to see the necessity on all 3 restrictions. For restriction 3, it seems related to Alt .2 in section 2.4. We don’t see any problems. 

	Lenovo/MotM
	We think restriction 1 and 2 are necessary since they can be used to guarantee PDCCH reliability. 
With restriction 1, the search space set for earlier PDCCH candidate can be guaranteed to monitor (i.e. not dropping) with high priority and it reduces the possibility of both search space sets for the earlier and later candidates are dropped. With this restriction, it can simplify gNB’s realization to avoid the restriction case. 
With restriction 2, it reduces the probability that only one of two linked search space sets is dropped. gNB can not guarantee that the PDCCH can be received reliably when adjacent search space set ID is not used and dropping one of search space sets happens. From robustness view, this restriction is necessary.

	OPPO
	These restrictions seem unnecessary. 

	E///
	The restrictions are unnecessary.

	CMCC
	We fail to see the necessity of all the 3 restrictions.

	LG
	The restrictions are unnecessary.

	Xiaomi
	These restrictions are unnecessary. For restriction 3, it seems have some relationship with section 2.4. And we already agree the reference PDCCH for out-of-order, thus there is no problem.

	Nokia
	Hard to see the need for these. 

	vivo
	· Regarding restriction1, we suggest to discuss after some other isuees, maybe it is related to the conclusion of other issues.
· Regarding restriction2,  Not strong opinion, either way is OK for us .
We know the purpose of Lenovo, to some extent, which can reduce the probability of PDCCH dropping due to overbooking. 
· Regarding restriction3,  since gNB cannot confirm UE decoding PDCCH successfully in earlier or later candidate, the expected timeline can be changed. 
The restrictions seems unnecessary

@ FL, we would like to discuss another restriction about whether two linked SS sets can be associated with different Search Space group indexes or not,  conclusion or agreement to clarify this is needed in this meeting.

	CATT
	These restrictions seem unnecessary.

	Huawei, HiSilicon
	We fail to see the necessity of these restrictions. 

	Futurewei
	Seems to be minor optimizations at the most. We prefer not to introduce these.

	Intel
	Not sure restriction is needed for 1, 2. Case 3 is part of UE complexity discussions in section 2.4

	QC
	Restrictions 1 and 2 are not needed, but we would like to explain the reason for Restriction 3:
This issue is not related to memory requirement or LLR memory requirements. The same issue happens even for the case of selective decoding. Given that some of the rules are based on the earlier candidate being the reference candidate while other rules are based on the later candidate being the reference candidate, we see the following issue: Once a DCI is decoded, UE processes it in the order it was received in firmware. When two different DCIs are decoded, if the first candidate of the first DCI is earlier than the first candidate of the second DCI but the second candidate of the first DCI is later than the second candidate of the second DCI, then for some of procedural rules the order is DCI1 then DCI2 and for other procedural rules the order is DCI2 then DCI1. This can create some complexity at the UE side. 
[image: ]

	InterDigital
	Restrictions 1, 2 seem unnecessary. Restriction 3 seems related to the issue in section 2.4 



2.6.1 Update
It is suggested to not discuss these restrictions further based on the inputs. If proponents think the restrictions is necessary for implementation, these can be discussed during maintenance if the support level changes.
For the point mentioned by vivo on SS set group, it will be discussed separately in the next round.
Timeline relaxation for soft combining
The following was agreed in the previous meeting:
Agreement
Confirm the Working assumption in RAN1 #106-e:
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

Related to FFS above, some companies proposed to allow for timeline relaxations in the case of soft combining as summarized below:
· For d_1,1 in DSCH mapping Type B: Huawei/HiSilicon, Spreadtrum, Apple
· Relaxation for PDSCH/PUSCH/DCI/AP-CSI: LG, Apple

At the same time, multiple companies suggested that there is no need to relax processing timelines for soft combining because the complexity is reflected in the additional BD or because the complexity may not need to impact the timelines. Also, there are some concerns on the specification impact if all timelines are relaxed. The following proposal can be considered as a starting point and the proponents may want to provide further justification / details. 
FL Proposal 7: Support processing timeline relaxations for PDCCH repetition with soft combining.
· FSS: Details

	Company
	Comments

	MediaTek
	We don’t have strong preference, but we can start to discuss from this proposal.

	Samsung
	We are fine with this FL proposal.

	Apple
	Support the proposal

	ZTE
	We don’t support this proposal. As discussed before, more BDs are counted for the linked PDCCH candidates in which UE complexity has been considered already. Hence, we don’t think any further enhancement is needed.
Moreover, based on the agreements so far, gNB is not aware whether soft combining of linked PDCCH candidates is implemented at UE side or not. It is hard for gNB to determine a proper time gap between PDCCHs and scheduled signaling even such relaxation of processing time is agreed. 

	Lenovo/MotM
	If there is enough motivation to support processing timeline relaxation, we prefer to list the potential standard impact for further discussion on account of limit time in Rel.17. 

	OPPO
	We are open to further timeline relaxation(s).

	E///
	Don’t support. Agree with ZTE. This is primarily for URLLC use cases, it would be backward to introduce a relaxed timeline for such service feature. 

	LG
	Support. 

	Nokia
	Do not support. Agree with E///. There is no clear justification to reduce the timeline for soft combining and no time left in Rel-17.  

	vivo 
	If most of UE vendors have concern on this issue, we can accept FL proposal.

	CATT
	We don’t support the proposal. Timeline issues can be alleviated or avoided by gNB implementation. On the other hand, complexity and/or memory issues are still under discussion, which is helpful to relax processing time. Therefore, we propose not to support relaxation of processing time for these timelines.

	Huawei, HiSilicon
	We support the proposal.
For the case with soft combining and FDMed scenario, if both individual decoding and soft combining are performed, UE will have to perform twice of channel estimation and de-mapping, which needs some relaxation to match the timeline of current PDSCH mapping type B. 
Such processing is not counted in BD counting, which mainly account for the decoding of candidates. So a further relaxation of d1,1 is needed, which is the motivation when d1,1 was introduced.

	Futurewei
	Fine with the proposal. The standards specify operations based on minimum requirements. The minimum requirement for this case with higher complexity can be relaxed.

	Intel
	Not support, the proposal is very open ended - it opens up a lot of topics.

	QC
	Similar view as MediaTek (no strong preference).

	Spreadtrum
	Support

	InterDigital
	Support FL’s proposal. 



2.7.1 Update
There are at least 6 companies with concern on current proposal or the scope. At the same time, some UE vendors also do not have a strong preference. Hence, it is suggested to not discuss this further. If proponents think the restrictions is necessary for implementation, it can be discussed during maintenance if the concerns are addressed.
CORESETPoolIndex
Even though this issue has been discussed multiple times, we could not reach an agreement yet. The three alternatives discussed before are the following:
· Alt1: Support two linked PDCCH candidates to be associated with two CORESETPoolIndex values.
· Alt2: Two linked PDCCH candidates are not expected to be associated with different CORESETPoolIndex values.
· Alt3: CORESETPoolIndex value is not expected to be configured if PDCCH repetition is configured in the same CC.

Based on the previous discussions, Alt2 has majority support. In the previous meeting, Alt1 was suggested but there were concerns. Given that this is the last Rel-17 RAN1 meeting, it seems that finalizing all the details of Alt1 is not realistic. Note that this is not only a matter of specifying a reference CORESETPoolIndex value for CRS rate matching, PDSCH scrambling, and HARQ-Ack as more discussions would be necessary also for BD counting (e.g., when two linked candidates are counted as 3 BDs, how to count them toward per CORESETPoolIndex BD limit, how to do overbooking which is only wrt CORESETPoolIndex=0 in Rel-16, etc.). 

Given this, my suggestion is to close this issue by agreeing to Alt2 which has the majority support. 

FL Proposal 8: Two linked PDCCH candidates are not expected to be associated with different CORESETPoolIndex values.

	Company
	Comments

	NTT Docomo
	Support 

	MediaTek
	Support

	Samsung
	Support Alt1.

	Apple
	Support the proposal

	Lenovo/MotM
	Support

	OPPO
	Support

	Ericsson
	Support for progress, although our first preference is Alt.3

	Fraunhofer IIS/HHI
	Support Alt.1

	CMCC
	Support

	LG
	Support for progress, even though our preference is Alt 1.

	Xiaomi
	We can accept it for progress.

	Nokia
	OK given the FL explanation on Rel-17 timeline.  

	vivo
	Support

	CATT
	We can support for progress, although our preference is Alt 1.

	Huawei, HiSilicon
	Support 

	Futurewei
	Support Alt 1, but ok with the proposal.

	Fujitsu
	Support

	Intel
	Support

	QC
	Support.

	ASUSTeK
	Support.

	NEC
	Prefer Alt 1, while fine to go with majority view.

	InterDigital
	Support FL’s proposal. 



2.8.1 Update
Almost all companies are ok with the proposal, and I hope Samsung and Fraunhofer can also accept it given the majority view as well as the fact that Alt1 may not be a realistic alternative at this point.
FL Proposal 8: Two linked PDCCH candidates are not expected to be associated with different CORESETPoolIndex values.

Other Issues
The following table lists additional proposals / issues mentioned by companies not previously discussed.
	#
	Issue
	Summary of the proposal and moderator’s comment

	O-1
	SS set sharing for CA
	One company (Qualcomm) discussed this issue and relationship to Rel-15 capabilities searchSpaceSharingCA-UL or searchSpaceSharingCA-DL

Moderator’s comment: The issue can be discussed later in this meeting or as part of maintenance (depending on the progress).

	O-2
	Combinations of PDCCH repetition and SFNed CORESET
	Two companies (LG and Apple) suggested to discuss this combination particularly with respect to QCL-TypeD prioritization rules.

Moderator’s comment: The QCL-TypeD prioritization rule for the case of SFNed PDCCH alone has not been decided yet in AI 8.1.2.4. We may discuss this issue later in this meeting or as part of maintenance. 



Please provide your comments on issues O-1 and O-2, or any other issue that requires discussions.
	Company
	Comments

	Samsung
	One proposal in our tdoc is not captured. 

Proposal: With PDCCH repetition, in order to accumulate TPC command values for PUSCH transmission correctly, UE applies the TPC command value in the repetitive scheduling DCI only once.

This is related to TPC command accumulation. If we strictly follow the TPC command accumulation rule in the current specification, since there are two repetitive PDCCHs having same TPC command value, the accumulated values can be twice. So we would like to clarify that UE applies the TPC command value only once for repetitive PDCCHs.

	Lenovo/MotM
	Similar as discussion in 
Q2: Is there a need to consider the following rule in 38.214 (related to overlap between PDCCH and PDSCH) as part of discussions related to issue a? 
We also suggest to discuss the following proposal where two QCL-TypeD are monitored for ePDCCH in the overlapping symbol(s) with SSB: 
 Clarify UE behavior when SSB and one of linked ePDCCH candidates overlap in at least one OFDM symbol but in different PRBs. 


	LG
	O2: Regarding SFN + repetition, QCL D prioritization between SFN CORESET and repetition CORESET is not our main focus. Our focus is to clarify whether PDCCH repetition with SFN transmission is supported by configuring each of linked CORESETs with 2 TCI states. What we agreed for repetition is two SS sets associated with corresponding CORESETs but we have not discussed number of activated TCI states of each of the CORESETs. There is no restriction to configure only one TCI state of the linked COERSET. So, in our view, it is naturally supported unless addition restriction is introduced.

Regarding RRC configuration of number of BD, in the last meeting, there was no consensus to introduce RRC configuration for the number of BDs. The intention of this conclusion is not to support gNB configuration for 2 or 3 BD when UE reports 3 BD capability. Meanwhile, gNB should be able to configure the same number of BD as what UE reports by RRC. It is RAN 2 guideline to avoid defining functionality that has no RRC configuration.

Regarding how to count BD number for overbooking, it was agreed that the third BD is counted in the later span for inter-span PDCCH repetition. However, if the linked PDCCH candidate in the earlier span is dropped due to overbooking, the third BD should not be counted because UE cannot perform soft combining anymore. 
We suggest to discuss these issue in this meeting.

	vivo
	One observation in our tdoc is not captured we see serious problem if this restriction is not resolved.
There are few cases in real deployment where no candidates with higher ALs can 
be configured if PDCCH repetition is contained in first 3 symbols.

Similar issue is discussed before, some companies see the issue while some other don’t. We would like check with the group whether restrictions of not being able to configure higher ALs in the case of system bandwidth is relatively small e.g. 50 or 100MHz. 

	Huawei, HiSilicon
	
We believe the following proposals should be discussed to avoid the further UE capability requirement, as if the “first 3 symbols” rule is broken, there’s less time for UE to process the SFI and BWP switching. As a result, the UE complexity is further increased.

Proposal 3: For a Type3 CSS without repetition, the DCI format 2_0 carried on the CSS is interpreted as Rel-15 PDCCH rule, if it uses the same set of CCEs with one of the linked PDCCH candidates and they both are associated with the same DCI size, scrambling and CORESET.
Proposal 4: The UE expects to detect a DCI indicating BWP switching only if the corresponding PDCCH repetitions are within the first 3 symbols of a slot.

Regarding Vivo’s observation, from our reading it’s just for FR2. Does it still hold for FR1?


	Fujitsu
	One proposal in our tdoc was captured incorrectly. (This is a different issue other than issue d.)

In TS38.213, the UE behavior for the handling of HARQ-ACK codebook on PUSCH is described as follows:
“A UE sets to NACK value in the HARQ-ACK codebook any HARQ-ACK information corresponding to PDSCH reception or SPS PDSCH release that the UE detects in a PDCCH monitoring occasion that starts after a PDCCH monitoring occasion where the UE detects a DCI format scheduling the PUSCH transmission.”

In the case of PDCCH repetition, the above description is ambiguous. Hence we propose:
In the case of PDCCH repetition, clarify the reference PDCCH occasion for the handling of type I HARQ-ACK codebook on PUSCH.



2.9.1 Update
In addition to O-1 and O-2, some additional points will be discussed in the next round. Please see some comments below:

@Samsung: I think this should be obvious, but I will capture it in the next update as part “Additional issues requiring a reference candidate”.

@ Lenovo: Is this based on a legacy rule that needs modification? Please provide more details about the issue (as part of Issue a discussions in the next round).

@LG: Regarding the first issue, we will discuss as part of O-2. Regarding the second issue, we already have a conclusion. Even in Rel-15/16, there are a number of functionalities w/o RRC configuration. Regarding the third issue, it may not be an essential issue in my understanding and also it violates the Rel-15 agreement that dropping does not impact the BD counting.

@vivo: The issue was discussed before in RAN1 #104-bis and majority of companies did not see that as a necessary enhancement. Please see R1-2103820 for the details. I can check again if companies views are changed in the next round.

@ Huawei/HiSilicon: The first one was discussed in the previous meeting. For the second one, even though draft 38.213 already addresses it, we can discuss in the next round whether relaxations would be needed.

@Fujitsu: Thanks for the clarification, and sorry for my confusion. I will add it in the next update as part of “Additional issues requiring a reference candidate”.

Detailed Proposals / Observations

	InterDigital, Inc.
	Proposal 1: Support 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.

Proposal 2: If a UE monitors linked sets of PDCCH candidates of AL 8 and 16 where one of the sets has the same starting CCE, and the UE detects a PDCCH with AL 8 scheduling a PDSCH, then the resources corresponding to AL 16 PDCCH candidates from both linked sets are not available for the PDSCH.

	Huawei, HiSilicon
	Proposal 1: For overbooking with two linked SS sets in the same slot/span, Alt2 is supported for the case that 3 BDs are counted for the linked candidates, i.e., considering the SS set pair together (both are kept or both are dropped).
Proposal 2: When an individual candidate uses the same set of CCEs as one of a linked PDCCH candidates, and they both are associated with the same DCI size, scrambling, and CORESET,
· The individual candidate is assumed to be monitored for the case that 2 BDs are counted for the linked two PDCCH candidates;
· Whether the individual candidate is assumed to be monitored or not for the case that 3 BDs are counted for the linked two PDCCH candidates should be reported by the UE.
Proposal 3: For a Type3 CSS without repetition, the DCI format 2_0 carried on the CSS is interpreted as Rel-15 PDCCH rule, if it uses the same set of CCEs with one of the linked PDCCH candidates and they both are associated with the same DCI size, scrambling and CORESET.
Proposal 4: The UE expects to detect a DCI indicating BWP switching only if the corresponding PDCCH repetitions are within the first 3 symbols of a slot.
Proposal 5: For two candidates with AL8 and AL16 that are overlapped, when at least one of them is linked with other candidate, and UE receives a DCI on any of the two overlapped candidates, 
· PDSCH should rate match around the two candidates and any candidate linked with any of the two candidates. 
Proposal 6: For two candidates with AL8 and AL16 that are overlapped, when at least one of them is linked with other candidate, and UE receives a DCI on any of the two overlapped candidates, the reference DCI is selected from the overlapped candidate and all the candidates which are linked with any of them.
Proposal 7: If soft combining is assumed for the linked PDCCH candidates, support Alt 1-1, i.e., UE indicates the limitation of total number of linked candidates, of which the first candidate is received and the second one has not been received at any given time.
Proposal 8: If soft combining is assumed, the d1,1 value is relaxed by adding a value for PDSCH with mapping Type B. 
Proposal 9: For CSI-RS with repetition not set to ‘on’, when it overlaps with multiple CORESETs with different QCL-TypeD, the QCL-TypeD of the CORESET with lowest ID among the multiple CORESETs is assumed for the CSI-RS. 
Proposal 10: For PDCCH repetition of DCI format 1_0 on two linked CSS, the CORESET with lower ID of the CORESETs associated with the two linked CSS is used to determine the value of  for mapping VRB to PRB of a scheduled PDSCH.

	FUTUREWEI
	Proposal 1: For ambiguity resolution for a detected DCI on partially overlapping CCEs:
· Follow the linked candidates if ambiguity arises with any individual candidate 
· Assume AL16 otherwise.
Proposal 2: To handle UE complexity / memory requirements for linked PDCCH candidates, support Alt1: Address the issue by UE capability, where UE indicates a limit on the total number of linked candidates in a slot, and the limit is across all CCs and irrespective of AL.
· An additional limit per CC may also be reported.

	Lenovo, Motorola Mobility
	Proposal 1: If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, same d1,1 determination scheme is used in selective decoding and soft decoding by the UE, where d1,1 for PDSCH processing time is determined by considering the PDCCH candidate that results in larger d1,1 value when UE makes soft combination. 
Proposal 2: For case 6, UE also monitors the remaining candidate when one of candidates is dropped.  
Proposal 3: When one of the linked candidates is dropped by the QCL-TypeD prioritization rule, UE monitors the remaining candidate and interprets the DCI based on Rel. 17 PDCCH rules. 
Proposal 4: Clarify UE behavior when SSB and one of linked ePDCCH candidates overlap in at least one OFDM symbol but in different PRBs. 
Proposal 5: UE may assume the CSI-RS and ePDCCH DM-RS port transmitted in one of monitored search space sets associated with CORESETs are quasi co-located with 'QCL-TypeD', if applicable. 
Proposal 6: The 'QCL-TypeD' for CSI-RS can be derived from indicated TCI state when TCI state including QCL-TypeD for CSI-RS is configured and there is no confliction between configured QCL-TypeD for CSI-RS and QCL-TypeD from CORESETs for ePDCCH. Otherwise, the 'QCL-TypeD' for CSI-RS can be derived based on the first TCI state from the CORESET associated with the first search space set among two configured linked search space sets. 
Proposal 7: Support that overbooking is made per individual search space set as in Rel.15/16 and the third BD is counted as part of SS set with larger ID when 3BDs are counted for two linked candidates.   
Proposal 8: Restrict the configuration of linked search space set as follows: 
	1. Larger search space set ID is not configured for the search space set corresponding the first candidate between two linked search space set; 
	2. Successive search space set ID is configured for linked search space sets.
Proposal 9: Determine the value of   to be the lowest-numbered physical resource block in the CORESET with a lower ID for mapping VRB to PRB of a PDSCH scheduled by a DCI format 1_0 repeatedly transmitted on two linked CSS.
Proposal 10: Support Alt 1-2 to address UE capability by limiting total number of linked candidates in a slot based on aggregation level. Use soft buffer occupation time for candidates to determine whether to meet the requirement based on newly defined UE capability. 
Proposal 11: Support restriction on maximum time interval between linked monitoring occasions and/or time interval between linked monitoring occasion pairs based on UE reported value.
Proposal 12: Use PDCCH candidate ending later in time to determine occupation duration for initial semi-persistent CSI report on PUSCH triggered by PDCCH.
Proposal 13: Use PDCCH candidate ending later in time to determine starting time for active time of NZP CSI-RS resource transmitting aperiodic CSI-RS.
Proposal 14: Support Option 3, i.e. separate DCIs that schedule the same PDSCH/PUSCH/RS/TB/etc or result in the same outcome.
Proposal 15: For Option 3, each DCI is transmitted independently as a R15 PDCCH candidate in valid CORESET with the corresponding TCI.
Proposal 16: Use sequence number to identify the DCIs serving the same purpose. 
Proposal 17: If multiple DCIs serving the same purpose can be sent out at different time, introduce in each DCI a timing offset to the time the last DCI is sent to avoid timing ambiguity. 

	ZTE
	Proposal 1-1: For overbooking in the PCell for USS with two linked SS sets in the same slot/span, when 3 BDs are counted for two linked candidates, the third BD is counted as part of the SS set with higher ID, i.e. Alt.1-2.

Proposal 1-2: Do NOT support any relaxation of processing timeline for soft combining of linked PDCCH candidates.

Proposal 1-3: Support no further discussion on UE complexity/memory requirements for linked PDCCH candidates

Proposal 1-4: Further discussion for ambiguity caused by AL8 and AL16 is not needed. 

	vivo
	1. For format 2-0 or DCI carrying BWP indicator, do not restrict two PDCCH repetition candidates to be constrained within first 3 symbols. 
Support Alt1-1 for case2 when UE reports 3BDs.
The PDCCH candidate earlier in time between linked candidates is associated with the lower SS set ID.
Taking the following two option into account to resolve the ambiguity for different cases.
· Option1:  UE assumes PDCCH with only certain AL (e.g. AL8 or AL16) transmitted 
· Option2:  UE assumes only PDCCH with repetition transmitted.
QCL-Type D assumption for CSI-RS with higher layer parameter repetition not set to 'on' is identical to QCL-Type D assumption for the CORESET with lower ID among CORESETs which can be received simultaneously.
Taking lower RB between lowest RBs of two CORESETs as reference for RB numbering of PDSCH scheduled by DCI format 1_0 with CSS.
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.
When UE does not support the capability of two individual PDCCH candidates decoding, UE expects the individual PDCCH candidate is allocated in PDCCH candidate associated with lower SS set ID. 
The total number of linked candidates in a slot is reported as an optional UE capability.
Careful consideration should be taken seriously to determine the need for relaxation of timing.

	Spreadtrum Communications
	Proposal 1: A specific value larger than larger d1,1 value is supported for soft combining, and can be applied under diverse timelines.
Proposal 2: Support Alt1-2, all limits are per-AL and across all CCs.
Proposal 3: Confirm the following working assumption:
Working Assumption
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 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 SS set IDs are also linked.
Note: The PDCCH candidates associated with the scheduled CC are defined as part of SS sets for scheduled CC instead of SS sets for scheduling CC (Same as Rel-15)


	Fujitsu
	Proposal 1: In the case of PDCCH repetition, clarify the reference PDCCH occasion for the handling of type I HARQ-ACK codebook on PUSCH.
Proposal 2: Support to enable SDM/FDM/TDM PDSCH schemes w/o TCI field in the DCI.
Proposal 3: Do not support PDCCH repetitions in multi-DCI based multi-TRP.
Proposal 4: Do not support any enhancement for the purpose of single-TRP PDCCH repetition.

	Fraunhofer IIS, Fraunhofer HHI
	Proposal 1: To address UE complexity and memory issues regarding processing of linked PDCCH candidates, select the following from the listed alternatives:
· Alt. 1-2: UE reports the total number of linked PDCCH candidates per slot
· Alt. 2: 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

Proposal 2: Support PDCCH repetitions with PDCCH candidates associated with different CORESETpoolIndex values.

Proposal 3: When DCI is transmitted via PDCCH repetition with the PDCCH candidates associated with two different CORESETpoolIndex values, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, the starting CCE index and number of CCEs in the CORESET of the PDCCH candidate associated with the lowest CORESETpoolIndex are used.

Proposal 4: When DCI is transmitted via PDCCH repetition with the PDCCH candidates associated with two different CORESETpoolIndex values, the PDSCH scrambling and CRS-rate-matching pattern may be determined based on the lowest CORESETpoolIndex value associated with the PDCCH candidates.

Proposal 5: For overbooking in PCell for USS with two linked SS sets in the same slot/span, perform BD counting per SS set (Alt. 1).
Alt1-2: The third BD is counted as part of the SS set with higher ID.

	CATT
	Proposal 1:
· Soft combining should be supported for linked PDCCH candidates with either one of the options:
· Option 1: A value between 1 and 2 is added to the candidate values of BD units.
· Option 2: one of the agreed candidate values  implies that UE supports soft combining.
Proposal 2:
· In d1,1 determination for PDSCH mapping type B, Option 2 also applies for UEs with soft combining.
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value.
Proposal 3: 
· Do not support 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.
Proposal 4:
· Case c1 and c2 are not supported for PDCCH repetition.
· 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)
Proposal 5: 
· For case a and case b, interpretation of the detected DCI is based on Rel.17 PDCCH repetition rules (wrt reference PDCCH candidate).
· 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)
Proposal 6: 
· Support two linked PDCCH candidates to be associated with two CORESETPoolIndex values.
Proposal 7:
· QCL-TypeD assumption for CSI-RS with higher layer parameter repetition is not set to 'on' when it overlaps with multiple CORESETs with different QCL-TypeD can be determined as follows:
· UE may assume that the CSI-RS and all CORESETs which can be monitored are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable.
Proposal 8:
· For DCCH 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 following PDCCH candidates can be used for reference:
· Option 1: The linked PDCCH candidate which is associated with CORESETs with lowest CORESET ID.
· Option 2: The linked PDCCH candidate which is associated with CORESETs with lowest RB index.
Proposal 9:
· If a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources of PDSCH overlaps with scheduling PDCCH resources where corresponding PDCCH candidate is dropped due to interruption, the PDSCH is rate matched around the union of two PDCCH candidates and the corresponding DMRS.
Proposal 10:
With Type-1 HARQ-ACK codebook, and the SPS release PDCCH repetition, the location of the HARQ-ACK bit of the SPS release PDCCH is same as for a corresponding SPS PDSCH reception (i.e. the rule in Rel-15 is reused).

	OPPO
	Proposal 1: For overbooking in the PCell for USS with two linked SS sets in the same slot/span, support to perform overbooking per individual SS set and the third BD is counted as a part of the SS set with higher ID.
Proposal 2: UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel.17 PDCCH rules when QCL-TypeD prioritization rule among CORESET result in one of the linked candidates not being monitored (i.e., Case 4) and when one of the linked candidates overlaps with reserved PRBs and OFDM symbols indicated by DCI format 2_1 where UE may assume no transmission intended for UE(i.e., Case6)
Proposal 3: Slightly prefer not to relax 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.
Proposal 4: For two pairs of linked PDCCH candidates, UE is not expected to handle case c1, where a first AL8 candidate from the first pair of linked candidates has the same start CCE as a second AL 16 candidate from the second pair of linked candidates.
Proposal 5: For the determination of reference PDCCH candidate:
-For case a and b, DCI is interpreted based on Rel 17 PDCCH repetition rules.
-For case c2, DCI is interpreted based on Rel.15 rules that AL 16 PDCCH is assumed always.
Proposal 6: Slightly prefer to perform rate matching around the union of AL 8 candidate and AL16 candidate in the linked SS sets and individual SS set for case a, b and c2.
Proposal 7: To avoid burden on buffer at UE for PDCCH repetition, UE can indicate a limit on total number of linked candidates in a slot and does not expect to be configured with any other linked MO in between the pair of linked MO’s.
Proposal 8: Reuse legacy priority rules specified in Rel-15 to identify QCL-TypeD assumption for CSI-RS with no repetition when it overlaps with multiple CORESETs with different QCL-TypeD.
Proposal 9: Support to use CORESET with lower ID to determine   for mapping VRB to PRB of a schedule PDSCH when it is scheduled by a DCI 1_0 configured in linked Type 3 CSS sets.
Proposal 10: Support rate matching around the union of linked PDCCH candidates even if any PDCCH candidate is dropped due to interruption and overlaping with scheduled PDSCH.
Proposal 11: Support to determine the location of Type1 HARQ-ACK bit of SPS release PDCCH when SPS release PDCCH and SPS PDSCH are transmitted in different CC with different numerology based on current rules.

	LG Electronics
	Proposal 1: Considering RAN 4 test requirement for 2 BD case, RAN 1 needs to decide whether 2 BD means two separate decoding or one individual decoding and one soft combining.
 Proposal 2: gNB configures the same number of BD for link PDCCH candidates as what UE reports by RRC.
Proposal 3: For overbooking in the PCell for USS with two linked SS sets in the same slot/span,
· if 3 BDs are counted for two linked candidates, the third BD is counted as part of the SS set with higher ID
· report whether to drop both if one SS set of the pair is dropped as UE capability
Proposal 4: UE does not expect multiple MO pairs for PDCCH repetition are not interlaced in a slot.
Proposal 5: If TCI field is not present in DCI and the scheduling offset is equal to or larger than timeDurationForQCL,
· if at least one code point is configured with two TCI states, the two TCI states corresponding to the two CORESETs is applied for MTRP PDSCH transmission. 
· otherwise, the TCI state of the lower ID CORESET among the two CORESETs is applied for STRP PDSCH transmission
Proposal 6: Introduce processing time relaxation for PDSCH/PUSCH/DCI/AP-CSI by adding X to legacy processing time and Option 2.
Proposal 7: For inter-span PDCCH repetition, if the linked PDCCH candidate in the earlier span is dropped due to overbooking, the third BD should not be counted in the later span.
Proposal 8: Clarify whether PDCCH repetition with SFN transmission is supported with two linked SS sets associated with CORESETs with 2 TCI states.
Proposal 9: When one of the linked PDCCH candidates uses the same CCE/CORESET/DCI size/scrambling as an individual PDCCH candidate, UE does not monitor the individual candidate if 2 BD is configured by RRC. If 3 BD is configured by RRC, UE can monitor the individual candidate.

	Intel Corporation
	Proposal-1: For overbooking in the PCell for USS with two linked SS sets in the same slot/span for Case 2 specify that individual decoding will be supported and specify Alt-1 (Alt1-1 or Alt1-2)
Proposal-2: A limit on the total number of linked candidates in a slot (Alt 1-1) could be a starting point for addressing UE complexity issues (Case 1, Case 2 and Case 3) if deemed necessary. Further specifications to address complexity issues is FFS.
Proposal-3: For Case a, b, interpretation of the detected AL8 DCI can be based on Rel-17 PDCCH repetition rules that resolves timing ambiguity between AL8 and AL16 candidates. Case c1 is already an error case. Case c2 does not require specification change.
Proposal-4: There is no need to add restrictions to disallow single TRP PDCCH repetitions
Proposal-5: No further specification is needed for 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
Proposal-6: For multi-DCI multi-TRP, PDCCH repetition could be allowed within the same CORESETPoolIndex value.
Proposal-7: For multi-DCI multi-TRP, apply Rel-15 rules of PDCCH prioritization within the set of CORESETs associated with the same value of CORESETPoolIndex.
Proposal-8: For Issues a, b, c and d identified in RAN1#106b-e, we have the following proposals:
· Issue a: Current specification allows a UE to prioritize PDCCH reception over CSI-RS for the case of “repetition” not set to “on” and is sufficient for Rel-17 operation.
· Issue b: We slightly prefer to allow support fallback DCI (DCI format 1_0 and DCI format 0_0) on Type 3 CSS and determine  by the lower of the two linked CORESETs.
· Issue c: We propose to do rate-matching around the union of the two PDCCH candidates with no specification impact.
· Issue d: The PDCCH candidate that ends later in time should determine the position of the HARQ-ACK bit which is already agreed.

	Xiaomi
	Proposal 1: To decide the TCI state for each of two SS sets associated with a same CORESET by predefined rule.
Proposal 2: To design one signaling for TCI state indication of two CORESETs for Multi-TRP PDCCH. 
Proposal 3: Support 3 BDs implying that UE supports soft combining.
Proposal 4: Support MAC CE to activate/deactivate each linked SS set pair to achieve dynamical switching between Multi-TRP PDCCH transmission and single TRP PDCCH transmission.
Proposal 5: For overbooking of case 2, if UE supporting 3 BDs means it supports soft combining and supports 2 BDs, prefer Alt 1-1. Else, prefer Alt 1-2.
Proposal 6: Suggest to consider the TCI state mapping rule when simultaneous PDCCH repetition and PDSCH repetition is configured.
Proposal 7: For the UE complexity / memory requirements, support Alt 3 first. And in addition, prefer to down-select one from Alt 2 and Alt 1-1.
Proposal 8: 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, prefer to take the CORESET with lower lowest-numbered physical resource block as a reference CORESET.
Proposal 9: In order to support linked PDCCH candidates associated with CORESETs of different CORESETPoolIndex, we need to decide whether S-DCI framework or M-DCI framework will be configured for the corresponding PDSCH.
· With S-DCI framework, a third value for CORESETPoolIndex can be configured to the two linked CORESETs. For this CORESETPoolIndex, an additional set of configurations listed below is needed:
· MAC CE for TCI activation, up to 2 TCI states for each TCI codepoint will be supported
· datascramblingidentityPDSCH, 
· HARQ-ACK/NACK procedure/codebook,
· CRSpattern for rate matching,
· defaultTCIstate. 
With M-DCI framework, a reference CORESETPoolIndex 0 or 1 can be configured to the two linked CORESETs. And the set of parameters of this CORESETPoolIndex, including the activated TCI states, datascramblingidentityPDSCH, HARQ-ACK/NACK procedure/codebook, CRSpattern for rate matching and defaultTCIstate will be reused for the corresponding PDSCH.

	CMCC
	Proposal 1: For overbooking in the PCell for USS with two linked SS sets in the same slot/span, support Alt 1-2 (the third BD is counted as part of the SS set with higher ID) if 3 BDs are counted for two linked candidates.
Proposal 2: Perform rate matching assuming AL 16 for Case a, b and c2.
· 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 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)
Proposal 3: Interpret the detected DCI based on Rel-17 rules (w.r.t reference candidate) for Case a and b.
Proposal 4: Consider Case c1 as an error case.
· 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)
Proposal 5: Alt 1 and/or Alt 3 could be considered 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
· Alt3: The support of PDCCH repetition is indicated separately for different Rel-15/16 PDCCH monitoring capabilities
Proposal 6: Support applying the CORESET with lower ID among these CORESETs as reference CORESET for the issue of QCL-Type D assumption for CSI-RS with higher layer parameter repetition is not set to 'on' when it overlaps with multiple CORESETs with different QCL-TypeD.

	NEC
	Proposal 1: Both capability and restriction can be introduced to handle UE complexity / memory requirements for linked PDCCH candidates. And we support Alt1-2 and Alt2.

	Samsung
	Proposal 1: Support Alt 1-1 or Alt 2 in the above agreement in RAN1#106b-e.
Proposal 2: Regarding Issue a, when a CSI-RS with higher layer parameter repetition is not set to 'on' is overlapped with multiple CORESETs with different QCL-TypeD, the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in the search space set with the lowest ID associated with CORESET are quasi co-located with 'typeD', if 'typeD' is applicable.
Proposal 3: Regarding Issue b, for PDCCH repetition of DCI format 1_0 on two linked CSS, using the CORESET associated with the lowest SS set ID among linked SS sets to determine the value of  for mapping VRB to PRB of a scheduled PDSCH.
Proposal 4: Regarding Issue d, 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 latest PDCCH. 
Proposal 5: Support PDCCH repetitions with different CORESETPoolIndex values based on the framework of option 2 + case 1 + Alt3.
Proposal 6: Further study the PDCCH repetitions with different CORESETPoolIndex values based on the framework of option 2 + case 1 + Alt3 for the following aspects:
1) PDSCH scrambling / CRS rate matching / HARQ-ACK as in the previous agreement
2) Which kind of PDSCH can be scheduled? Single PDSCH or NC-JT PDSCHs or both (if so, whether/how to switch?)
A. Indicating TCI state field / MAC-CE operation
B. Indicating DM-RS field
C. Indicating HARQ process ID field and NDI field
D. Whether/how to apply for activation/deactivation on CG or SPS
3) FFS: other aspects are not precluded.
Proposal 7. To resolve an ambiguity on AL8 and AL16 PDCCH candidates with PDCCH repetition, support the following.
1. Case c1 is treated as an error case (based on previous agreement).
2. For Case a, Case b, Case c2 which AL8 and AL16 candidates have same starting CCEs in both SS sets (i.e., Case c2-1) and Case c2 which AL8 and AL16 candidate in a SS set with the lowest SS set ID have the same start CCE but have different start CCE in the other SS set,
3. the interpretation of detected DCI is based on Rel-17 PDCCH repetition rules (w.r.t. reference PDCCH candidate).
4. For Case c2 which AL8 and AL16 candidate in a SS set with the lowest SS set ID have different start CCE but have same start CCE in the other SS set,
5. the interpretation of detected DCI which is related to timeline is based on Rel-17 PDCCH repetition rules (w.r.t. reference PDCCH candidate).
6. the interpretation of detected DCI which is related to a certain CORESET is based on the PDCCH candidate with the lowest start CCE.
7. For Case a, Case b, and Case c2 (both Case c2-1 and Case c2-2), regarding rate matching, the resources corresponding to union of the AL8 and AL16 PDCCH candidates in both single and linked search spaces are not available for the PDSCH.
Proposal 8. Determine how to count the Rel-15/16 limit on the maximum number of received PDCCHs without having received any of the scheduled PDSCHs/PUSCHs in case of PDCCH repetition, i.e., define the value of X for the following sentence:
8. For a scheduled cell and at any time, a UE expects to have received at most X PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16 PDSCH receptions for which the UE has not received any corresponding PDSCH symbol and at most X PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16 PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol.
9. The candidate value of X is 16 (repetitive PDCCHs are counted as 1) or 32 (counted as 2).
Proposal 9. With PDCCH repetition, in order to accumulate TPC command values for PUSCH transmission correctly, UE applies the TPC command value in the repetitive scheduling DCI only once.

	Apple Inc.
	Proposal 2-1: With regard to non-SFN + SFN case for different CCs, the QCL-TypeD collision handling rule can be extended as follows:
· Reuse legacy priority rule to identify the first QCL-TypeD property, 
· If the SS set with highest priority is associated with a CORESET with two TCI states, the second QCL-TypeD property is identified based on the second TCI state
· Otherwise, 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
Proposal 2-2: Support CORESET-BFR to be associated with SS other than SS-BFR.
Proposal 2-3: For PDSCH mapping TypeB, for soft combining operation, d1,1 should be counted based on the total number of symbols for the two linked CORESETs 
Proposal 2-4: Support UE to report additional processing delay as a UE capability for 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.  
Proposal 2-5: For overbooking, either Alt 1-2 or Alt 2 can be supported.
Proposal 2-6: For UE buffer management for soft combining, support 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). 
Proposal 2-7: For potential ambiguity for AL8 and AL16, case a/b/c1 can be considered as error cases, and it should be clarified that that the SS sets in the 3 cases do not contain both AL8 and AL16 candidates.

	Convida Wireless
	Proposal:  Alt2: For a pair of linked MO’s in a BWP, UE does not expect to be configured with any other linked MO in between the pair of linked MOs.

	NTT DOCOMO, INC
	Proposal 2-1:
· When M-TRP TDM/FDM/SDM PDSCH scheme is enabled, if a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and if the TCI field is not present in the DCI, and the scheduling offset is equal to or larger than timeDurationForQCL, two TCI states of the two linked CORESETs can be used as two default beams for PDSCH.
· The TCI state of the CORESET with lower ID among the linked CORESET can be used as “first TCI state” of M-TRP TDM/FDM/SDM PDSCH, the TCI state of the CORESET with higher ID among the linked CORESET can be used as “second TCI state” of M-TRP TDM/FDM/SDM PDSCH.
Proposal 2-2:
· For overbooking issue, for case2, support Alt.1-2.
· Alt1-2: The third BD is counted as part of the SS set with higher ID.
Proposal 2-3:
· For QCL-Type D assumption for CSI-RS with higher layer parameter repetition is not set to 'on' when it overlaps with two linked CORESETs with different QCL-TypeD, UE may assume the CSI-RS and the PDCCH DMRS of the CORSET with lower ID among the linked CORESETs are QCLed with TypeD
Proposal 2-4:
· To determine the value of  for mapping VRB to PRB when PDSCH is scheduled by PDCCH repetition of DCI format 1_0 in two linked CSS, PDCCH candidate with lower CORESET ID among the linked candidates can be used as reference.
Proposal 2-5:
In UL resource allocation type 2, to determine the uplink RB set of PUSCH scheduled by PDCCH repetition of DCI format 0_0 in two linked CSS, PDCCH candidate with lower CORESET ID among the linked candidates can be used as reference.

	Nokia, Nokia Shanghai Bell
	Proposal 1: For PDCCH repetition, on the discussion of determining d1,1 based on the UE’s decoding assumptions, do not introduce any terminologies such as selective decoding or soft combining in RAN1 specifications.

Proposal 2: For overbooking in the PCell for USS with two linked SS sets in the same slot/span, select the following alternative for Case 2:
· Case 2: 3 BDs are counted for two linked candidates:
· Alt1: Overbooking is per individual SS set as in Rel. 15/16
· Alt1-2: The third BD is counted as part of the SS set with higher ID.

Observation 1: For all cases a/b/c1/c2, there is ambiguity issues for detecting DCI for AL8 and AL16 candidates. 

Proposal 3: If a UE monitors PDCCH candidates of AL8 and AL16 with the same starting CCE index in non-interleaved CORESET spanning one OFDM symbol and if at least one of these PDCCH candidates is a linked candidate, 
· For cases a/b/c2, if the detected DCI is corresponding to AL8, the UE assumes Rel-17 PDCCH repetition behavior/rules as if UE detected the linked PDCCH candidate. 
· For rate matching, the UE assumes that the resources corresponding to the overlapping AL16 PDCCH candidate and the other linked candidate (for case a: AL16, for case b: AL8, for case c2: AL16) are not available for the PDSCH.
· The UE is not expected to handle case c1 unless the AL8 candidate in SS set 2 has the same start CCE as the AL16 candidate in SS set 4 (which results a similar situation as case c2). 

Proposal 4: To handle UE complexity / memory requirements for linked PDCCH candidates, prefer following alternatives, 
· Alt1: Address the issue by UE capability, where UE indicates a limit on one of the following
· Alt1-2: Total number of linked candidates in a slot
· Alt4: There is no need to further discuss this issue

Proposal 5: For QCL-Type D assumption for CSI-RS with higher layer parameter repetition is not set to 'on' when it overlaps with multiple CORESETs with different QCL-TypeD, QCL-TypeD of lowest CORESET ID among the multiple CORESETs is assumed.

Proposal 6: 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, CORESET with lower ID among two CORESETs associated with PDCCH repetition is used.


	Qualcomm Incorporated
	Proposal 1: UE does not expect to decode two different DCIs (different payload) in two linked PDCCH candidates.
· The above also applies when each of the two linked PDCCH candidates overlap (same CORESET, DCI size, CCEs, scrambling) with an individual candidate, i.e., UE is not expected to decode two different DCIs (different payload) in the two individual candidates.

Proposal 2: If a first PDCCH candidate with AL8 in a first SS set and a second PDCCH candidate with AL16 in a second SS set have the same starting CCE index in a CORESET spanning one OFDM symbol:
· Case a/b: If one of the first or second PDCCH candidate is linked to another PDCCH candidate for PDCCH repetition, interpretation of a detected DCI via any of the first or second PDCCH candidates is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· Case c1: UE does not expect both the first and second PDCCH candidates to be linked with other corresponding PDCCH candidates for PDCCH repetition.

Proposal 3: In Case c-2, the union of two AL8 candidates and two AL16 candidates are considered for PDSCH rate matching around scheduling DCI.
Proposal 4: To handle UE complexity / memory requirements for linked PDCCH candidates, UE can indicate a limit per scheduled CC and a limit across all CCs 
· At any given time, the number of linked candidates of which the first candidate is received and the second one has not been received is considered:
· For AL=1: The number is considered
· For AL=2: The number is multiplied by 2
· For AL=4/8/16: The number is multiplied by 4
· Total number (separately per scheduled CC and across all CC) is the summation of the numbers across all Als, and should not exceed the UE indicated limit at any given time.

Proposal 5: For two pairs of linked PDCCH candidates monitored in a given CC, UE does not expect to handle the case where the earlier PDCCH candidate of the first pair starts earlier than the earlier PDCCH candidate of the second pair while the later PDCCH candidate of the first pair ends later than later PDCCH candidate of the second pair. 
Proposal 6: For overbooking in the PCell for USS with two linked SS sets in the same slot/span
· For Case 2 (3 BDs are counted for two linked candidates), support Alt 1-2: The third BD is counted as part of the SS set with higher ID.

Proposal 7: When UE determines two QCL-TypeD properties for multiple monitored overlapping CORESETs:
· If UE is configured with CSI-RS with higher layer parameter repetition that is not set to 'on' in the same OFDM symbol(s) as the multiple overlapping CORESETs, the first determined QCL-TypeD is used to receive the CSI-RS.
· If QCL-TypeD of PDSCH DM-RS is different than both of the first and second determined QCL-TypeD properties, the UE is expected to prioritize the reception of PDCCHs associated with the CORESETs.
· This also applies to the intra-band CA case.

Proposal 8: When BFR response is detected in PDCCH candidates that are linked for PDCCH repetition (applicable to CBRA-based BFR in the PCell/PSCell, or SCell BFR), the beam / power control reset for PUCCH/PDCCH (when applicable) occurs after 28 symbols from the last symbol of the PDCCH candidate that ends later in time.
Proposal 9: When DCI carrying DFI is detected in PDCCH candidates that are linked for PDCCH repetition, the candidate that starts earlier in time is used as the reference PDCCH candidate for determination of validity of DFI for a PUSCH with a given HARQ process number.
Proposal 10: Confirm the following WA: 
Working Assumption
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 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 SS set IDs are also linked.
· Note: The PDCCH candidates associated with the scheduled CC are defined as part of SS sets for scheduled CC instead of SS sets for scheduling CC (Same as Rel-15)

Proposal 11: For cross-carrier scheduling, and when conditions for searchSpaceSharing as described in 38.213 are satisfied:
· Between two scheduled CCs with individual PDCCH candidates: searchSpaceSharing is based on Rel-15 capabilities searchSpaceSharingCA-UL and searchSpaceSharingCA-UL
· Between two scheduled CCs with linked PDCCH candidates: Support a new UE capability for searchSpaceSharing with PDCCH repetition
· Between a first CC with individual PDCCH candidates and a second CC with linked PDCCH candidates: searchSpaceSharing is not applicable.

Proposal 12: If two linked PDCCH candidates schedule a PDSCH with mapping Type A in a same slot, both linked PDCCH candidates are expected to be contained within the first three symbols of the slot.
Proposal 13: When CORESETPoolIndex value is configured for one or more CORESETs, two linked PDCCH candidates are not expected to be associated with different CORESETPoolIndex values.
Proposal 14: There is no need for restrictions with respect to CORESET(s) associated with two linked SS sets: Same CORESET as well as different CORESETs with same TCI state should be allowed.
When same CORESET is used, monitoring occasions of the two linked SS sets should be non-overlapping in time. 

	TCL communication
	Proposal 1: Support Alt 2 for the Case 2 of overbooking in the PCell for USS with two linked SS sets.
Proposal 2: For the cases of the ambiguities for interpretation of a detected DCI, the Rel-17 timeline rule and Rel-15 rate matching rule can be applied.

	MediaTek Inc.
	Proposal 1: For linking monitoring occasions across the two SS sets: support Alt2 as the first preference and Alt 1-1 as the second preference. 
Proposal 2: Strive to make the same rule to resolve the ambiguity for case a and case b. Also, UE doesn’t expect case c1 and case c2.
Proposal 3: Support Alt 1-2 (The third BD is counted as part of the SS set with higher ID) for case 2.
Proposal 4: For the remaining issues of PDCCH repetition,
· Issue 1: Use the CORESET with lower ID as the reference
· Issue 2: Use the CORESET with lower ID as the reference
· Issue 3: No need to discuss
· Issue 4: No need to discuss

	Ericsson
	Proposal 1	In case of PDCCH repetition, 2BDs should be the default and UE can report “3” BDs as a UE capability for supporting soft combining.
Proposal 2	For a UE that support 3 BDs, the network can configure by using RRC, the UE to use of 3 BDs.  Default is 2 BDs (no RRC signaling needed)
Proposal 3	If 3 BDs are configured by RRC, then the UE performs both selective decoding and soft combining of the two linked PDCCH candidates.
Proposal 4	For overbooking in the PCell for USS with two linked SS sets in the same slot/span, in case of 3 BDs overbooking is per individual SS set as in Rel. 15/16 and the third BD is counted as part of the SS set with higher ID.
Proposal 5	When a linked PDCCH candidate of aggregation levels 8 (or 16)  overlaps with an individual PDCCH candidate  of AL16 (or AL8) with the same starting CCE index in non-interleaved CORESET spanning one OFDM symbol, the timeline of the linked PDCCH candidates is used.
Proposal 6	A linked PDCCH candidate of aggregation levels 8 (or 16)  is not expected to be overlapped with another linked PDCCH candidate of aggregation levels 16 (or 8)  with the same starting CCE index in non-interleaved CORESET spanning one OFDM symbol.
Proposal 7	For intra-span PDCCH repetition,  no further restriction is needed.
Proposal 8	For inter-span PDCCH repetition, some restriction can be considered in handling UE complexity and memory requirement.
Proposal 9	When an aperiodic CSI-RS with higher layer parameter repetition is not set to 'on' overlaps in time with multiple CORESETs and the configured QCL-D of the CSI-RS is the same as one of the CORESETs,  the QCL-D configured for the CSI-RS is assumed for the CSI-RS.
Proposal 10	When a CSI-RS with higher layer parameter repetition is not set to 'on' overlaps in time with multiple CORESETs and the configured QCL-D of the CSI-RS is different than any of the CORESETs,  the QCL-D of the CORESET with the lowest ID is assumed for the CSI-RS.
Proposal 11	For PDCCH repetition of DCI format 1_0 on two linked CSS with two associated CORESETs,   for mapping VRB to PRB of a scheduled PDSCH by the DCI is determined by the lowest starting RB of the two CORESETs.
Proposal 12	When a PDSCH is scheduled by PDCCH repetition and one of the scheduling PDCCH candidates  is dropped due to interruption, the PDSCH is still rate matched around the dropped PDCCH candidate if applicable.
Proposal 13	When a SPS release is indicated by PDCCH repetition in a slot in one cell with one numerology for a SPS in another cell with a different numerology, and the PDCCH repetition overlaps in time with more than one SPS PDSCH occasions, the overlapped SPS PDSCHs should not be transmitted and the A/N for the last SPS PDSCH overlapping with the PDCCH candidate ended later in time is replaced with A/N for the SPS release.
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Appendix: Previous Agreements
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 

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 #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 #104-bis-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 #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 #106-bis-e
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

Agreement
The following SS sets cannot be linked with another SS set for PDCCH repetition: SS set 0, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace.


Agreement
Confirm the Working assumption in RAN1 #106-e:
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

Conclusion
PDCCH order with PDCCH repetitions with different beams triggering CFRA for SpCell is not supported in Rel-17.

Agreement
For two pairs of linked PDCCH candidates, UE is not expected to handle the case where 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.

For RAN1#107-e:
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)

For RAN1#107-e:
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
· 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

Working Assumption
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 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 SS set IDs are also linked.
· Note: The PDCCH candidates associated with the scheduled CC are defined as part of SS sets for scheduled CC instead of SS sets for scheduling CC (Same as Rel-15)

Agreement
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”

Agreement
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 'on' when it overlaps with multiple CORESETs with different QCL-TypeD.
· 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
· 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


Conclusion
There is no consensus to introduce RRC configuration for the number of BDs.   

Agreement
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, support:
· Case 1: 2 BDs are counted for two linked candidates:
· No change (use existing spec)

Agreement
For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple monitored overlapping CORESETs, support
· 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
· 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 or with SFN PDCCH

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