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Agreements in GTW / Email Endorsements
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
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 [out-of-order] / in-order for PDCCH-PDSCH and PDCCH-PUSCH: PDCCH ending symbol is the last symbol of the reference PDCCH candidate.
· Applies at least for the case of single TRP PDSCH/PUSCH transmission
· 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.
· FFS: Whether the relative position in the time domain is needed to be informed to the UE


[bookmark: _Hlk62833744]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.

[bookmark: _Hlk62833757]Agreement
The agreement is revised as below:
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 [out-of-order] / 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. 
· Applies at least for the case of single TRP PDSCH/PUSCH transmission
· 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.
· FFS: Whether the relative position in the time domain is needed to be informed to the UE

[bookmark: _Hlk62833788]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
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 of 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
For PDCCH repetition, support linking two SS sets by RRC configuration:
· FFS1: Whether MAC-CE can be used additionally
· FFS2: 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)
· (for comeback) The two linked SS sets have the same DCI formats to monitor
· For intra-slot PDCCH repetition, 
· FFS3: Whether 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:
· Alt1: Provide linking by configuration
· Alt2: The two SS sets have the same number of monitoring occasions within a slot and they are linked one-to-one
· Alt3: Linking is determined based on number of monitoring occasions of the two SS sets within a slot (i.e. w/o configuration and w/o the one-to-one restriction in Alt2)


Agreement
FL Proposal 5: 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


Conclusion
The agreed PDCCH repetition framework (Option 2 + Case 1 + Alt3) supports both TDM and FDM multiplexing schemes.
Summary of discussions on Email Thread
Proposal A
Proposal A (offline 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.

On proposal A, all concerns have been resolved, and it is reported as an offline agreement.

Background on addition of Note 2: It was added based on the discussions with Intel. Intel provided the following Figure and asked if there is a difference between BD count for Case 1 versus Case 2. It was clarified that the right-hand-side candidate of SS set 2 is not counted as a separate BD compared with the candidate of SS set 1 based on the Rel. 15 BD counting rule when they are associated with the same DCI size, scrambling, and CORESET.

[image: ]

Proposal B
[bookmark: _Hlk63232882]Proposal B: UE does not expect [is not required to decode] the linked PDCCH candidates to be [if they are] overlapping in resources.
Concerns: Intel 
Intel expressed concern and prefers the condition above to be applied only to the case of soft combining. Intel argues that overlapping can happen in the case of decoding assumption 2 (no soft-combining), and the restriction can result in PDCCH blocking probability. Some other companies (including OPPO, LG, Apple, vivo) believe that PDCCH repetition is different compared to Rel. 15 since the case that gNB always transmits only one of the candidates is not the intention of multi-TRP PDCCH. 

The text in bracket is preferred by Huawei/HiSilicon to not impose restriction of configuration of CORESETs / SS sets. Some other companies (including MediaTek, LG, Apple, vivo, OPPO) prefer Proposal B without the text in bracket.
Discussions on configuration of linked candidates and individual candidates
Some of the FFS’s of the following agreement (FFS2, DCI formats to monitor, FFS3, Alt1/2/3) as well as the issue of FL Proposal 4 (copied below), there seem to be a common issue that may be worth to discuss at high-level first. 
Agreement
For PDCCH repetition, support linking two SS sets by RRC configuration:
· FFS1: Whether MAC-CE can be used additionally
· FFS2: 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)
· (for comeback) The two linked SS sets have the same DCI formats to monitor
· For intra-slot PDCCH repetition, 
· FFS3: Whether 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:
· Alt1: Provide linking by configuration
· Alt2: The two SS sets have the same number of monitoring occasions within a slot and they are linked one-to-one
· Alt3: Linking is determined based on number of monitoring occasions of the two SS sets within a slot (i.e. w/o configuration and w/o the one-to-one restriction in Alt2)

FL Proposal 4: For PDCCH repetition, two PDCCH candidates in two SS sets are linked based on
· Alt1: Having the same AL and the same candidate index:
· FFS1: Two linked SS sets are configured with the same number of candidates for each AL.
· FFS2: additional limit on the number of linked candidates
· Alt2: RRC configuration.

The issue is that for configuring linked PDCCH candidates versus individual PDCCH candidates, can should we use the same linked SS set or should we use a different SS set:
· Case 1: When two SS sets are linked for PDCCH repetition, they do not contain individual PDCCH candidates. For configuration of individual PDCCH candidates, a different (e.g. a third and/or forth SS set) can be configured.
· Case 2: Mixing of linked and individual PDCCH candidates should be possible in two SS sets that are linked for PDCCH repetition. 

Proponents of Case 1 argue that number of SS sets in a BWP is up to 10, and hence, separating linked candidates and individual candidates by using different SS sets may not be an issue. Also, there has been some concerns expressed with respect to UE complexity when these two types of candidates are mixed. 
Proponents of Case 2 argue that using the same linked SS sets for configuring both linked candidates and individual candidates increases the flexibility and restriction of one-to-one mapping is not required. 
Furthermore, for defining some of the linking (e.g. for linking MO’s / PDCCH candidates), additional configurations / rules may be required in Case 2 if we want to mix these two types of candidates in a flexible way (e.g. so that both SS sets can have individual candidates and not just one of them can have individual candidates). On the other hand, in Case 1, some restrictions need to be captured by specification to ensure the two types of candidates are separate. 
From FL’s point of view, if we can reach a common understanding on Case 1 versus Case 2 above, most of the remaining FFS points in the agreement as well as previous FL proposal 4 can be resolved. Hence the following questions are asked to trigger further technical discussions on this aspect. We can discuss specific proposals based on the inputs to these questions.
· Q1: Do you prefer the general direction of Case 1 or the general direction of Case 2?
· Q2: Beyond requiring more SS sets, do you see an issue with Case 1?
· Q3: Do you an issue with Case 2 with respect to UE complexity?
· Q4: With respect to specification impact, what is your view on Case 1 versus Case 2? 

Please comment on the questions above, and also feel free to add questions in the list above if needed.
	Company
	Comments

	Apple
	Q1: Case 1
Q2: No. we do not think we need more SS sets as well, currently there are 10 SSs, and the number of SSs should not be a problem
Q3: Yes. UE is not able to apply soft combining directly. Then we should note that this would increase the BD calculation, which would in the end limit the PDCCH scheduling flexibility to gNB.
Q4: We see less spec impact for case 1. Case 2 would lead to complicated BD/CCE calculation and UE capability.

	LG
	
Q1: we prefer the direction of Case 2.

Q3: we fail to find complexity issue. Simple pairing rule can be applied to differentiate linked candidate and individual candidate. For example, if different number of MOs/candidates are configured for two TRPs, we can apply one to one mapping in the order of MO/candidate and remaining MO/candidate without linkage can be used for STRP transmission. We have a question to Apple. Why does it increase BD calculation? UE is aware of which candidates are paired and which is not based on predefined rule or signaling.

Q4: Case 1 has less impact than Case 2, but it does not mean Case 2 causes large specification impact.

Regarding FFS2 in Proposal 4, could proponent can clarify what kind of additional limitation you have in mind?


	Samsung
	Q1: We support Case 1
Q2: No. since there are up to 10 SS sets then the number is not a problem.
Q3: Yes. If linked SS sets can be used for both PDCCH repetition and single-TRP transmission, the BD calculation can increase.
Q4: Spec impact for case 1 is quite less then case 2 by using two-linked SS sets as dedicated resources for PDCCH repetition.

	OPPO
	Q1: we prefer case 1.   
Q2:No. There are up to 10 SS sets can be configured, which are sufficient.
Q3:For case2, mixing of individual PDCCH and linked PDCCH will result in additional complexity of overbooking rule especially for inter-slot PDCCH repetition and support of inter-slot PDCCH repetition is under discussion
Q4:Less impact for case 1 is expected.

	Spreadtrum
	Q1: Prefer case 1
Q2: No
Q3: Yes. In Rel-15, PDCCH overbooking rule is based on SS priority. If the linked SS sets includes PDCCH repetition candidates and individual PDCCH candidates, it is not clear about the priority rule, and possibly it will result in more UE complexity for PDCCH candidates ordering for the case of PDCCH overbooking.
Q4: Relatively, the spec impact of case 1 is less than case 2.

	ZTE
	Q1: Case 1 for simplicity

Q2: No. 

Q3: No.

Q4: Case 1 has less spec impact and RRC signaling

	CMCC
	Q1: Prefer Case 1.
Q2: No. Currently the number of SS sets in one BWP is up to 10, which is enough for Case 1.
Q3: No.
Q4: Case 1 might have less spec impacts than Case 2, since that two kinds of candidates are mixed in one SS set.

	Lenovo&MotM
	Q1: Slightly prefer Case 2 for elaborate design and also fine with case 1 for simplicity

Q2: For case 1, the configuration of SS sets, e.g. SS set 1/2/3/4, are flexible. Do we need some configuration restriction between SS set 1 and SS set 3 (similarly SS set 2 and SS set 4) to guarantee overlapping candidate in SS set 1 and 3 for monitoring? Otherwise, larger candidate set will be monitored for case 1 on account of 4 SS sets. And the related question is whether the same candidate number per aggregation level is used configured for SS set 1 and SS set 3 (similarly SS set 2 and SS set 4).  

Q3: From decoding complexity view, it is similar for case 1 and case 2 if flexible switching between single TRP and multiple TPR PDCCH transmission is supported. 
 
Q4: It seems case 2 needs more specification impact. For example, additional signalling is needed for case 2 to indicate linked candidates and/or corresponding candidate number. On the other hand, for case 1, two additional RRC signalling is needed for indicating SS set 3/4.
 

	NTT Docomo
	Q1: prefer case 1 for less spec impact
Q2: No. 
Q3: No. since UE can be aware of whether a PDCCH candidate is linked or individual, it does not increase BD complexity. 
Q4: case1 has less spec impact. Case 2 has larger spec. impact to define/configure linkage between PDCCH candidates. Also case2 may have larger spec. impact on PDCCH overbooking when counting toward BD limit since two types of PDCCH candidates need to be counted differently.

	Xiaomi
	Q1: Prefer case 1
Q2: No 
Q3: We think the decoding complexity is almost same for case 1 and case 2.
Q4: The spec impact of case 1 is less than case 2. With case 2, additional signaling on which PDCCH candidates are linked.

	CATT
	Q1: Prefer Case 2.
Q2: the configurations of the two linked SS sets need to be aligned in Case 2. So, it is too restrictive for network implementation.
Q3: No. Similar to Case 1, UE can be aware of the linkage between candidates. No additional UE complexity is needed. 
Q4: Case 1 might result in less spec impact. However, considering the flexibility at network side, Case 2 is  still preferred.

	Nokia/NSB
	Q1: Case 1
Q2: No. Use of two SS sets out of 10 total SSSets does not mean that UE is needing one or two more SS sets on top of 10 SSSets. 
Q3: May be there are some extra complexity with this approach. Anyways, up to UE vendors to comment. We see that monitoring certain candidates within linked SSSets do not require soft combining and others do. It could be problematic operation depending on how the UE handle this. 
Q4: Let’s go with Case 1, as there is no big need for saving SSSets with a complicated design. 


	vivo
	· Q1: we support Case1 with little spec impact. Furthermore, there is no need to restrict the period of PDCCH transmission in S-TRP is same as in M-TRP.
· Q2: No, we think 10 SSs is enough.
· Q3: Regarding UE complexity, there could be complexity involved with case2 such as extra signaling may be required.
· Q4: Case2 needs extra signaling to differentiate linked or individual candidates, while case1 is up to gNB implementation.  

	Ericsson
	Q1: Prefer Case 2 for simplicity, obtained by configuring two sets of different size. 
Q2: No
Q3: No. Same decoding complexity as Case 1, UE knows which candidates are paired and which are not.
Q4: Same spec impact. We have assumed one set is configured larger than the other. The larger set have unpaired candidates as the corresponding candidate index does not exist in the smaller set. So there is no need  

	Fraunhofer IIS/HHI
	From our perspective, using Alt-1 with case 2 (mixing of linked and individual PDCCH candidates in the linked SS sets) is preferred. PDCCH candidates without linked PDCCH candidates in the associated SS set are used for individual PDCCH transmission.
Q1: For its flexibility, we prefer case 2.
Q2: With case 1, the SS sets are separated into multi-TRP SS sets and single-TRP SS sets where the multi-TRP SS sets should have almost identical configuration, which is a clear scheduling restriction.
Q3: We don’t see an increase in UE complexity for case 2.
Q4: The linking of the PDCCH candidates in both cases can be implicit as in Alt-1 (PDCCH candidates with the same AL and candidate index are linked) and hence no extra signaling is required. Therefore, for the PDCCH candidate linkage with Alt-1, the specification impact for both cases is the same. However, additional spec impact is applicable for both case 1 and 2. For case 1, the additional scheduling restriction regarding the SS sets having the same number of PDCCH candidates has to be specified and for case 2, the BD complexity may have to be addressed. 

	Huawei, HiSilicon
	Q1: Prefer Case 2.
Q3: No, we don’t see further UE complexity. Anyway, the BD calculation for PDCCH repetition needs to be updated. As the candidates for single-TRP or multi-TRP are clear to UE, there’s no further complexity for soft-combining. As the number of candidates with or without linking is clear to UE, no further complexity is foreseen. For the PDCCH overbooking, we don’t see the difference between Case 1 and Case 2. 
Q4: We seem almost the same spec impact between Case 1 and Case 2.

	MediaTek
	Q1: Case 1
Q2: No
Q3: Yes because the UE performs blind decoding (RE demapping and channel decoding) in the SS set level not in the individual candidate level. Also, the UE can’t use symbol level combining if we mix MTRP and STRP candidates.
Q4: Case 1 is much simpler.

	Convida Wireless
	Q1: Case 1 for simplicity
Q2: No. 
Q3: No.
Q4: Case 1 has less spec impact and RRC signaling

	QC
	Q1: Case 1
Q2: No. We do not understand scheduling restrictions mentioned by CATT and Fraunhofer. If anything, flexibility is even more when we use different SS sets (up to network whether / on which MO’s, SS sets 3 and 4 are aligned with the two linked SS sets)
Q3: Yes. Overbooking unit is at the SS set level. In case of mixing, the complexity of overbooking is increased. In addition to overbooking, the way UE processes candidates is by considering properties of a SS set in a given MO as commented by MediaTek. For example, which DCI formats to monitor is a property of SS set. If we mix linked candidates and individual candidates, UE needs to effectively implement a logic to separate these, i.e., create a third/fourth “virtual SS sets” that are not linked and do not require joint considerations such as soft combining. This part may not fundamentally increase the processing complexity in terms of BD/CCE units, but it does have an impact on UE implementation. 
Q4: Specification impact of Case 2 is obviously more. 

	Intel
	@FL; thanks for laying this out, we think this is much better way to get people on the same page.
Q1: Prefer Case 2 (both eMBB and URLLC traffic can flow into the same SS-set)_
Q2: Case 1 would lead to higher CCE count unless the gNB duplicates (exact MO) every SS-set that is linked – and it has no technical benefit over Case 2 
Q3: No, we don’t understand MTK concerns – demod can still be done at SS-set level, decode is anyway candidate level. As QC commented – it is new implementation, not more processing complexity. 
Q4: Case 2 has some more specification impact but it makes the feature useful. Case 1 creates scheduler restrictions 

	InterDigital
	Q1: Prefer Case 1.
Q2: We don’t see an issue. 
Q3: The configuration provides to the UE which candidates are linked so we don’t see additional BD complexity. 
Q4: The spec impact is similar for both cases since the UE needs to know the linked SS sets. Case 2 may also require UE to know which candidates within an SS set are linked.  


	FL
	@ all: Thank you for your detailed inputs. The situation is summarized below:
Support / ok with Case 1: Apple, SS, OPPO, Spreadtrum, ZTE, CMCC, Lenovo&MotM, DCM, Xiaomi, Nokia/NSB, vivo, MediaTek, Convida, QC, InterDigital
Prefer Case 2: LG, Lenovo&MotM (also ok with Case 1), CATT, Ericsson, Fraunhofer IIS/HHI, Huawei/HiSilicon, Intel

Also, here are some observations based on the inputs:
· In Case 1, existing SS set configurations allows to align or not align the MO’s of linked SS sets and individual SS sets, which is up to the network.
· Case 1 requires configuration of larger number of SS sets. No concern was expressed if the existing limit (up to 10 SS sets) is insufficient for Case 1.
· There are different views on whether Case 2 increases the UE complexity or not. Most UE vendors think that Case 2 requires at least additional UE implementations compared to Case 1. There are different views on whether Case 2 requires more processing power or not.
· Majority of companies think Case 2 has larger spec impact, and Case 1 is beneficial in terms of simplicity. 
Given the majority view, I suggest agreeing to the following. 
@ LG, CATT, Ericsson, Fraunhofer, Huawei, Intel: Please let me know if you have a strong concern with the proposal given the discussions and the summary above.
Proposal: When two SS sets are linked for PDCCH repetition, they do not contain individual PDCCH candidates. 
Note: For configuration of individual PDCCH candidates, a different (e.g. a third and/or forth SS set) can be configured by network. 



In addition to the above questions, we need to at least address the following in this meeting as it is for come back (even though it is somewhat related to the questions above):
· (for comeback) The two linked SS sets have the same DCI formats to monitor

· Q5: Which of the following alternatives do you support:
· Alt1: The two linked SS sets have the same DCI formats to monitor
· Alt2: The restriction in Alt1 is not needed as long as there is at least one common DCI format to monitor in the two linked SS sets 

 Please indicate your preference.
	Company
	Comments

	Apple
	We support Alt1. 

	LG
	Support Alt2. Even if two SS sets have different set of DCI formats, repetition is applied only for common DCI format. What is the issue of Alt2?

	Samsung
	Support Alt1. We think that this issue is related to Q1. If two-linked SS sets are used only for PDCCH repetition, there is no reason to support different DCI formats per SS set.

	OPPO
	Support Alt 1. Q5 is related to Q1. Once we can make some agreement/conclusion, it is easy to have a conclusion for Q5 accordingly.

	Spreadtrum
	Support Alt.1.

	ZTE
	Sorry for the trouble during GTW session. After checking, we are fine with Alt.1.

	CMCC
	Support Alt 1.

	Lenovo&MotM
	Support Alt 1.

	NTT Docomo
	Support alt.1. we share similar view with Samsung, OPPO that Q5 is related to Q1.

	Xiaomi
	Support Alt 1.

	CATT
	Support Alt 2.
As mentioned by some companies, the common DCI format can be used for repetition of PDCCH scheduling URLLC traffic, while the rest of DCI formats can be reserved for scheduling eMBB with single-TRP PDCCH.

	Nokia/NSB
	Alt.1

	vivo
	Q5: Support Alt1. 
The debate on Q5 is similar to Q1. We prefer a simple and clean design to perform same function. 

	Ericsson
	Support Alt.2, similar views as LG,CATT. 

	Fraunhofer IIS/HHI
	Support Alt. 1

	Huawei, HiSilicon
	Support Alt 2.
We think the scenario is very important that common DCI format for URLLC traffic is transmitted by repetition and the other DCI formats for other traffic are transmitted in only one SS. So that the DCI overhead can be saved for the traffic not requiring very high reliability.

	MediaTek
	Support Alt. 1

	Convida Wireless
	Support Alt 1.

	QC
	Support Alt1 for the reasons mentioned above.

	Intel
	Support Alt 2

	InterDigital
	We don’t understand the reason for Q5. It seems that if case 1 is agreed, then Alt.1 is supported, and if case 2 agreed, then Alt.2 is automatically allowed.
Nevertheless, we support Alt 1.

	FL
	The situation is summarized below:
Alt 1: Apple, SS, OPPO, Spreadtrum, ZTE, CMCC, Lenovo&MotM, DCM, Xiaomi, Nokia/NSB, vivo, Fraunhofer IIS/HHI, MediaTek, Convida, QC, InterDigital
Alt 2: LG, CATT, Ericsson, Huawei/HiSilicon, Intel

@ all: I agree this issue is very much related to Q1. It is preferred that we can have a common understanding on Case 1 versus Case 2 first. My intention was that in case we cannot conclude this (hopefully, we can), I can at least report to Mr. Chairman on the situation for this particular comeback item. Let’s first try to converge on Case 1 versus Case 2 using Email discussions.



Discussions on TDM/FDM and whether two linked candidates can be overlapping
In RAN1 #102-e, we had the following agreement:
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.

The case of SFN is now being discussed in HST-SFN agenda Item (8.1.2.4). Regarding TDM/FDM schemes, we did not have further discussions in this meeting. Based on the contributions, some companies (e.g. vivo, Intel, CATT, Samsung) mentioned different aspects with respect to TDM/FDM schemes for PDCCH repetition. For example, vivo proposed to only allow for TDM repetitions while Intel mentioned that Rel. 15 framework already allows for different multiplexing schemes and no additional restriction is necessary. 
From FL’s point of view, it should be pointed out that one of the reasons that Alt3 (using different SS sets) was preferred by most companies was that it can support both TDM/FDM PDCCH repetitions with the same framework. Hence, restricting PDCCH repetition only to TDM case may not be desirable given that Alt3 is already agreed and the existing discussions/agreements can enable both TDM and FDM in a unified way.
In addition, it was mentioned by Apple during Email discussions that the two linked PDCCH candidates should be non-overlapping in resources. Also, Intel mentioned the same in their contribution at least for the case of soft-combining. Given that soft-combining may or may not be transparent (depends on the discussions on decoding assumptions), it is desirable to have a general conclusion on this aspect at least for the agreed framework of PDCCH repetition (Option 2 + Case 1 + Alt3).
Proposed Conclusion: The agreed PDCCH repetition framework (Option 2 + Case 1 + Alt3) supports both TDM and FDM multiplexing schemes. UE does not expect to be configured with SS sets / CORESET(s) that result in two linked PDCCH candidates to be overlapping in resources.
Please provide your input regarding the proposed conclusion above.
	Company
	Comments

	Apple
	Support

	LG
	We prefer to leave FDM as second priority but we are fine with studying additional specification impact and issues. We support scheduling restriction for non-overlapped PDCCH candidates.

	Samsung
	Support both TDM and FDM with same priority. We also support non-overlapping SS sets/CORESET(s).

	OPPO
	Support

	Spreadtrum
	Fine.

	ZTE
	We are fine with the proposal.  

	CMCC
	Support.

	Lenovo&MotM
	Support

	NTT Docomo
	Support 

	Xiaomi
	Support 

	CATT
	Support this proposal in principle. 
However, the meaning of overlapping needs more clarification. At least the following alternatives of understanding can be listed:
· Overlapping in frequency domain and without overlapping in time domain
· Overlapping in time domain and without overlapping in frequency domain
· Overlapping in both time and frequency domain

	Nokia/NSB
	Support 

	vivo
	As per the definition for TDM/FDM from agreement in #102e, some clarification on TDM/FDM would be good. There are 3 patterns as shown below.


           

                    Pattern1                                                         Pattern2



                    Pattern3

In our view, pattern2 in above figure is both TDM and FDM schemes. The agreements in section 1 above can be applied straightforwardly for pattern1 and pattern2. Pattern3 is pure FDM scheme which has lower latency than TDM. However, SFN based PDCCH transmission has been supported which has same latency and similar LLS performance (R1- 2100422) as FDM-based. In terms of performance FDM based PDCCH is redundant scheme. With pure FDM scheme further work is needed. 

Proposed Conclusion: The agreed PDCCH repetition framework (Option 2 + Case 1 + Alt3) supports both TDM and FDM multiplexing schemes. UE does not expect to be configured with SS sets / CORESET(s) that result in two linked PDCCH candidates to be overlapping in resources in time domain.

	Ericsson
	Support 

	Fraunhofer IIS/HHI
	Support

	Huawei, HiSilicon
	Support both TDM and FDM multiplexing scheme. We also support no overlapping of the linked candidates.

	MediaTek
	Support

	Convida Wireless
	Support

	QC
	Support

	Intel
	We don’t support this – it depends on the discussion on decoding assumptions. Overlap can be allowed for the case of selection diversity reception but not for soft-combining.

	InterDigital
	We support FL’s proposal. 

	FL
	Majority of companies support the proposed conclusion.
@ CATT: Overlapping in the last part of the proposed conclusion is in “resources”, which means both time and frequency.
@ vivo: Pattern 3 can be supported by exiting framework (if the two CORESETs have different RBs, and the corresponding SS sets can be configured to be overlapping in time). Understood your preference. However, there are also other simulation results showing that repetition performs better than SFN (e.g. HW’s LLS last time if I remember correctly). From my point of view, not allowing both TDM and FDM is not consistent with the one of the motivations of Alt3. Hence, I suggest to close this issue by agreeing to the conclusion.
@ Intel: The proposed conclusion is modified as below to address your concern. I tried to use a wording that is neutral wrt the decision on decoding assumptions. Please let me know if you prefer a different wording.

@ LG, vivo: Please let me know if you have a strong concern on the proposed conclusion.
Proposed Conclusion: The agreed PDCCH repetition framework (Option 2 + Case 1 + Alt3) supports both TDM and FDM multiplexing schemes. 
· UE does not expect to be configured with SS sets / CORESET(s) that result in two linked PDCCH candidates to be overlapping in resources at least if UE is expected to perform soft-combining.
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