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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
Intra-slot vs Inter-slot
The following were discussed in the GTW Session:
Possible Agreement
At least support intra-slot PDCCH repetition.
· FFS: Whether other considerations are needed for span-based PDCCH monitoring.
· FFS: Whether inter-slot PDCCH repetition is supported additionally.

Possible Agreement
Both intra-slot PDCCH repetition and inter-slot PDCCH repletion are supported.
· FFS: Whether other considerations are needed for span-based PDCCH monitoring.

It is generally understood that we will discuss the details of intra-slot firstly when it comes to MO linking (as in Proposal 3 below), and the proposal above can be rediscussed in the next meeting. There is no need for additional discussions on proposal 2 in this meeting. 
FL Update for Proposal 3
Here, we focus on the update compared to the previous round of discussions, and addressing the concerns received in the previous round:
@ Ericsson, CATT, Huawei, LG, Intel, APT: Your suggestions are taken into account in the below proposal wrt to further study some of the aspects related to time domain linking. In addition, Alt3 is added for linking MO’s which is capturing some of the common elements of the suggestions.
@ Docomo, QC, Convida Wireless, Huawei, LG, Intel, MediaTek, OPPO, Samsung, Apple, vivo, Xiaomi, Fujitsu, Nokia, TCL, APT: The mutual exclusive condition is now part of the proposal while also refining the wording so that the FFS related to MAC-CE is not excluded as commented by CATT.
@ Nokia: Your suggestion is reflected in the proposal below.
@ Intel: “linking candidates from two SS sets by RRC configuration” can imply that candidates are linked by RRC, which is related to Proposal 4. Proposal 3 does not get into how candidates are linked (only at the MO-level). 
@ vivo: Some of the restrictions you mentioned can be discussed further when there is enough support to add those. For example, “at most 1 SS set pair is supported for UE-specific” was not proposed by any other company. Regarding “inter-slot is not supported”, as you can see, that is the subject of another proposal captured as FFS given the number of supporting companies. 
@ all: Related to both Proposal 3 and proposal 4, there seem to be two viewpoints related to linking MO’s / candidates: 
1) There is one-to-one mapping between MO’s and candidates for the two linked SS sets, and non-paired candidates can be configured by other SS sets that are not linked. This view point has the benefit of simplicity and perhaps easier implementation of PDCCH repetition. The restriction is that more SS sets are needed for the non-paired candidates.
2) Some candidates / MO’s are not linked when the two SS sets are linked. This view point has the benefit of more flexibility, but generally more configurations are also needed to achieve the proper flexibility. The drawback is more specification impact and complexity. 
It seems that we need to decide on one of the view points above for both Proposal 3 and 4. Please feel free to continue the discussions regarding these general view points as part of Proposals 3 and 4.
FL Proposal 3: For PDCCH repetition, support linking two SS sets by RRC configuration:
· FFS: Whether MAC-CE can be used additionally
· FFS: Whether a given SS set can be linked with more than one other SS set 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) and the same DCI formats to monitor
· At least For intra-slot PDCCH repetition, 
· FFS: 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
· FFS: Whether a one-to-one mapping or mutual exclusive relationship between monitoring occasion pairs are required
· 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)
· FFS: Conditions for inter-slot PDCCH repetition if supported

Please comment on the updated proposal above. Also, feel free to continue the discussions regarding these general view points mentioned above.
	Company
	Comments

	InterDigital
	We support FL’s proposal. We prefer having a one-to-one mapping between SS sets. 

	CMCC
	Support in general.
For linking MO, we think Alt 3 has more flexibility in scheduling.

	LG
	On Alt2: we have already commented that restriction on same number of MO is not needed. Accordingly, MOs are liked one to one or one to none.
On Alt3: could you elaborate Alt 3 with some example? 
Regarding DCI format, we tend to agree Intel’s comment that same format restriction is not necessary.

	Samsung
	Support FL’s proposal. We also agree with FL’s view of Alt2, which is a simpler solution for MO linking across the SS sets.

	Apple
	Support the FL proposal. For MO linkage, we support Alt2.

	FL
	@ LG: Alt3 is meant to be an alternative to Alt2 w/o the restrictions (i.e. with one to one or one to none mapping) as suggested by you and some other companies.
Example: SS set 1 has 2 MO’s and SS set 2 has 3 MO’s  Rule can be defined so that e.g. the first two MO’s of each SS set are linked, but the last MO of SS set 2 is not linked, or e.g. only the first MO’s are linked and second MO of SS set 1 not linked and last two MO’s of SS set 2 not linked.

Regarding not restricting same DCI formats, let’s hear more views. We can make it FFS if companies are not ready to agree with this part, but at least there needs to be common DCI formats. For some of the configurations, either all formats in two SS sets are the same or all formats are diffrent, e.g., Rel. 15 UE-specific SS set (may not be the case in Rel. 16 with the addition of DCI formats 0_2/1_2):
dci-Formats ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1}

	NTT Docomo
	Support FL proposal.

	Xiaomi
	We support the FL proposal and we slightly prefer Alt 1.

	ZTE
	We agree one PDCCH candidate cannot be linked with another more than 1 candidate. However, for SS linking, it is unnecessary to have such restriction. 
If two linked SSs can have different periodicity, e.g. 5 slots for SS1, 10 slots for SS2. In such case, PDCCH candidates of SS1 and SS2 in slot 0, 10, 20 … can be linked.  Meanwhile, another SS3 with 10 slots periodicity and 5 slots offset, so PDCCH candidates of SS1 and SS3 in slot 5, 15, 25 can still be linked. There is not any issues. Thus, the second bullet should be FFS. 
FFS: 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.

	OPPO
	Support FL proposal and Alt.2. We have some comments
1. We prefer to keep the restriction of the same DCI formats. If they are different DCI formats, how does UE do soft-combining?
2. Could the proponents of Alt.3 elaborate a bit on the use case(s)?  PDCCH repetitions from different TRS are for high reliability. For the PDCCH occasions don’t have such requirement, what cannot they be configured by other SS?  What’s the benefits to mix the PDCCH with different reliability requirements in the same SS?

	vivo
	Support FL’s proposal in general.
1. In Rel15/16, UE monitors all of PDCCH candidates according to configuration of multi-search space sets in RRC without any operation of activation/deactivation by MAC CE. For PDCCH repetition, we also think there is no need to introduce MAC CE signaling.
2. Same periodicity and offset are supported. We guess the purpose of supporting different configuration for them is to allow PDCCH transmitted with M-TRP in some slots and with S-TRP in other slots, which is far from flexible considering gNB wants to transmit PDCCH with M-TRP in current slot, however that slot only support S-TRP. The simple scheme is that gNB configure one SS only for S-TRP and one SS pair only for M-TRP, since up to10 SS are supported in one active BWP, which provided sufficient flexibility.
3. Regarding linking between MOs for intra-slot configuration, at least Alt2 is supported which is simple with implicit indication. For instance, a simple rule of same index of actual monitoring occasion in respective SS are linked as the following figure shown.


        For Alt1, linking by configuration by gNB can increase some flexibility, but we are not sure the use cases and benefit.
        For Alt3 as FL elaborated, we think this scheme should be precluded as we mentioned above that gNB can configure one SS only for S-TRP and one SS pair only for M-TRP.
In order to reduce the complexity of UE, whether the number of linking in one slot should be restricted or not should be further studied.  
        

	Fraunhofer IIS/HHI
	Support FL’s proposal 

	Ericsson
	Support the proposal. Regarding same DCI format, it is a restriction that may not need to be specified. The important thing is that same DCI format is in the repeated pair. 

	Convida Wireless
	Support the proposal. 
More discussion and clarifications on the three alternatives would be useful.

	Nokia
	Support the proposal, and support Alt.2 for linking monitoring occasions. 
There may not be extra work required on linking on monitoring occasions where they should be assumed as linked one-to-one. 

	Futurewei
	Support the FL proposal. 
If we understand the above discussions correctly, companies pointed out issues to both Alt 2 and Alt 3. Then we are only left with Alt 1, slightly more complicated but free of any issues and offering higher flexibility. Thus we prefer Alt 1.

	Intel
	On the idea that dynamic switching is not supported or the gNB uses dedicated SS-sets for linkage - we don’t believe this is a practical solution. Within a SS-set, channel estimation is re-used across different ALs in order to limit CCE count. Not supporting dynamic switching requires that the gNB uses 2 SS-sets that have identical MOs or perfectly overlapped or “mirrors” or each other. Thus, to allow dynamic switching, gNB needs to configure 4 SS-sets, 2 that are linked and 2 for sTRP PDCCH. In essence, SS-set requirement is doubled just to save some specification work.

For sub-bullet 2, we still believe configuration to restrict format is not needed with the understanding that a common format will be monitored for linkage. 

Pls. also keep the bullet for inter-slot case.

May be better to discuss whether dynamic switching is supported or not first.

	MediaTek
	Support the proposal in general.
Regarding the same periodicity, offset, and duration, we have the same view as vivo. Basically, we prefer to use the designated SS sets for PDCCH repetition. For other purpose like S-TRP PDCCH, the gNB can configure other SS set separately with flexible configuration like different periodicity, offset and the duration. Or with dynamic signaling like MAC CE, PDCCH repetition can be deactivated flexibly for the two SS sets. Then we can reuse those SS sets for S-TRP transmission. So we suggest to remove only FFS term before whether. 
For linking option, we support Alt2.

	NEC
	Support the proposal.
Regarding the periodicity, offset and duration, we also think should be same.
And regarding MO linking, we slightly prefer Alt 3, and can also accept Alt 2.

	Fujitsu
	Support FL’s proposal.

	TCL
	Support the FL proposal. For linking MO, we prefer Alt 2, which is a simple solution.

	Spreadtrum
	Support FL’s proposal. For linking option, we prefer Alt.2.

	Lenovo&MotM
	Support FL’s proposal. 
When the two SS sets have the same periodicity and offset (monitoringSlotPeriodicityAndOffset), and the same duration, we slightly prefer Alt.2, where one-to-one mapping schemes can be designed with compatibility of slot based repeat scheme if supported. 
For configuring two SS sets not with same periodicity and offset and duration, the actual application scenario, e.g. dynamic switching, can be further discussed. Alt.3 has better be discussed later after reaching consensus.

	Huawei, HiSilicon
	Support the proposal. Prefer Alt 1. It is not necessary to mandate that PDCCH repetition can only be performed within dedicate SS set.

Regarding the periodicity, offset and duration, we think limiting the same configuration is too restrictive. In our mind of multi-TRP scenario, the coordination TRP is regarded as complementary transmission point to assist the main TRP. Typical use case is when two TRPs would have RSRP/SNR gap for the UE or unbalanced traffic. So it’s reasonable that the main TRP may have denser periodicity and the coordination TRP only needs fewer resources, e.g. smaller periodicity/MO. 

Regarding the DCI formats, more discussion is needed. Can DCI formats of one SS be a subset of another DCI format? For example, one is with “formats0-2-And-1-2” and another is with “formats0-1-And-1-1And-0-2-And-1-2”. So the main TRP will schedule eMBB using DCI 0-1/1-1 for eMBB and coordination TRP could help improve DCI for URLLC.

	
	



Second FL Update for Proposal 3
@ ZTE: FFS is added for the second bullet. Your example is valid and it is related to the general discussions that whether a one-to-one relationship is needed or not, which should be decided firstly.
@ vivo: Your points are also related to the two viewpoints above (one-to-one mapping or not). I think we need to conclude on this aspect first before down-selecting alternatives and deciding on FFS parts.
@ Ericsson, Intel, Huawei: FFS is added for DCI formats based on your suggestion.
@ Intel: The bullet on inter-slot is removed as suggested by Nokia in the previous round. Regarding dynamic switching, my understanding is that there is no disagreement about the fact that some PDCCH candidates can be non-paired. As you mentioned, the main question is whether the same paired SS set should be used or other SS sets can be configured. 
@ All: My thinking is that we can first agree to the following proposal (with most aspects being FFS for now, while having a basic framework / direction to discuss further). Then, we can discuss next week more regarding down-selection / converging on some of the FFS aspects. My plan is to discuss this in the GTW on Friday.
FL Proposal 3: 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)
· FFS3: The two linked SS sets have the same DCI formats to monitor
· For intra-slot PDCCH repetition, 
· FFS4: 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)

	Company
	Comments

	Xiaomi
	Support the proposal and prefer Alt 1. 

	OPPO
	Although we have concerns on some FFS, we can support the proposal for sake of progress.

	CATT
	For FFS3, it would be too restrictive to configure the two linked SS sets with the same DCI formats for monitoring. However, for the two linked candidates, the same DCI format should be used at least for option 2.
For FFS4, we failed to understand the motivation for restricting the time domain configuration of the two linked SS sets.
For linking monitoring occasions across the two SS sets that exist in the same slot, Alt 1 is preferred from flexibility perspective.

	Ericsson
	Support the proposal

	Futurewei
	Support the proposal and prefer Alt 1.

	MediaTek
	We also have some concerns on FFSs. We support the proposal for the progress.

	Convida Wireless
	Support the FL proposal. Prefer Alt 2.

	FL
	This proposal will be reported as an offline agreement as the debating points are only on FFS parts. Even though we have quite a few points to resolve later, this can provide a good starting point. My thinking is that we can discuss some of these details next week to reach a common understanding.



FL Update for Proposal 4
The proposal is refined based on the inputs, and RRC configuration is also added as another option to further discuss. From the response, the majority of companies support Alt1, but this can be further discussed as suggested by Futurewei, CATT, Lenovo/MotM, Intel, NEC. If the situation is unchanged, I suggest to go with the majority view.
@ ZTE: Even when soft combining is not supported, the candidates should be linked. For example, for implicit PUCCH determination issue, UE should know that which 2 candidates are linked so that the PUCCH resource is unambiguously determined irrespective of which or both candidates are decoded (even in the absence of soft combining). Furthermore, Case 1 is already agreed (two candidates are explicitly linked).
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:
· FFS: Two linked SS sets are configured with the same number of candidates for each AL.
· Alt2: RRC configuration.

	Company
	Comments

	InterDigital
	We support FL’s proposal, and prefer Alt. 1. We also agree that the two SS sets should not be restricted to have the same number of candidates for each AL. 

	CMCC
	Support in general.
Besides, we prefer to Alt 1.

	LG
	Support Alt 1

	Samsung
	We support Alt1 but still do not support the FFS as it is too restrictive.

	Apple
	Support Alt1

	NTT Docomo
	Support the proposal. And prefer Alt.1.

	Xiaomi
	We support the FL proposal and we prefer Alt 1.

	ZTE
	Support Alt.1

	OPPO
	Support Alt.1

	vivo
	Support Alt1.

	Fraunhofer IIS/HHI
	Support Alt.1

	Ericsson
	Support, Alt.1. 

	Convida Wireless
	Support proposal and prefer Alt 1.

	Nokia
	Support Alt. 1

	Futurewei
	Support the proposal. We still think the implicit way is a bit restrictive, but we can go with the majority view.

	Intel
	It should clarified whether dynamic switching between sTRP and mTRP PDCCH is supported or not by Alt-1. For example, in Alt-1, if SS set-1 and SS-set-2 has AL-1, AL-2, AL-4, Al-8 candidates, then does it mean that even AL-1, AL-2 candidates will be linked ? – this will significantly increase BD that is not useful because linkage will likely be used only for AL-8 candidates.

	MediaTek
	Support Alt1

	NEC
	We share similar view with Intel, while we can go for majority view.

	Fujitsu
	Support Alt.1

	TCL
	Support the FL proposal and we prefer Alt 1.

	Spreadtrum
	Support the proposal, and support Alt.1.

	Lenovo&MotM
	Support FL’s proposal. For FFS part of Alt.1, we have the same view as Samsung that the restriction of same candidate number is too restrictive.

	[bookmark: _Hlk62597740]Huawei, HiSilicon
	Share similar view with Intel, we prefer to not mandate to link all of the candidates within the linked SS sets.
As our comment in proposal 3, the coordination TRP may lead to RSRP lower than the main TRP (e.g. 3/5dB). In that case, the coordination TRP could only have high AL e.g. AL8/16, and lower number of candidates.



Second FL Update for Proposal 4
For this proposal, majority of companies support Alt1. 
@ Intel: By dynamic switching, I assume you mean using the same linked SS sets / MO’s in the context of this proposal. If yes, then my understanding is that Alt1 can also support dynamic switching within the same linked SS set pair if FFS is not agreed. However, the flexibility is obviously less than Alt2, e.g. if we have one candidate with AL=2 in SS set 1 and three candidates with AL=2 in SS set 2, then the last two candidates in SS set 2 are not paired, but non-paired candidates cannot be configured arbitrarily in Alt1. Also, if we agree on Alt1, it does not mean that configuration is not possible. For example, in the previous round of discussions Huawei suggested that the flexibility of Alt1 can be enhanced if a number X is configured and Alt1 is applied up to candidate number X (and not to the rest).
@ All: I suggest to go with the majority view. I plan to discuss this on the GTW call on Friday (if there is time)
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:
· FFS: Two linked SS sets are configured with the same number of candidates for each AL.
· Support: IDC, CMCC, LG, SS, Apple, DCM, Xiaomi, ZTE, OPPO, vivo, Fraunhofer, Ericsson, Convida, Nokia, MTK (?), Fujitsu, TCL, Spreadtrum, QC
· Ok: Futurewei, NEC
· Alt2: RRC configuration.
· Support: Intel, Futurewei, CATT, Lenovo/MotM(?), NEC, Huawei/HiSilicon(?)

	Company
	Comments

	Xiaomi
	Support the proposal and prefer Alt 1. 

	NTT Docomo
	Support the proposal and prefer alt.1.

	OPPO
	Support the proposal and prefer Alt.1

	CATT
	Alt 2 is supported.
In Alt 2, some restriction can be applied to reduce the possible number of candidate pairs. For example, the AL used for linked candidates can be informed to UE. To achieve higher reliability, the network may only use larger aggregation level, e.g., AL=8, for PDCCH repetition. That is, DCI can only be repeated on the candidate pairs with AL=8 in the two linked SS sets.

	Ericsson
	Support the proposal

	Futurewei
	Support the proposal. 
Just in case that the companies do not agree on which to be down selected, we may consider Alt 1 as the default and Alt 2 as a way to possibly overwrite the default and introduce more flexibility. Note that Alt 2 can be used to realize the same outcome as Alt 1. 
Alt 3: Alt 1 as baseline / default, and Alt 2 can be configured additionally
Nevertheless, we are flexible on this topic.

	MediaTek
	Regarding the issue shared by email thread, I think Mostafa well defined the issues as follows.
	· How paired candidates and unpaired candidates are configured, i.e., whether to use the same linked SS set or a different SS set for these two types of candidates. This aspect is not directly related to decoding assumptions
· If paired candidates can be used by network dynamically to send unpaired candidates (for enhanced flexibility or due to PDCCH blocking). This is related to decoding assumptions. However, decoding assumptions are not only relevant for this aspect. Other aspects relevant to decoding assumptions (but not relevant to dynamic switching) are: Blockage, interference. 



We think the first bullet is related to proposal 4. We support to only use different SS sets for two types of candidates and all candidates should be paired in the linked SS sets. Then we use a separate SS set only for S-TRP transmission. We do not want to mix paired candidates and unpaired candidates in the linked SS sets since the UE are doing blind decoding SS set level instead of candidate level. If we mix them, it will increase the current BD complexity a lot. Before we discuss proposal 4, we have to clarify this first. Regarding the smaller ALs raised by some companies, the gNB can configure the linked SS sets which have higher ALs only. The gNB always configure other SS set which is more optimized for S-TRP transmission since the gNB can configure up to 10 SS sets. For the comment by Bishwarup, this other SS set doesn’t have to use the same MO or configurations. Also, it resolves the CATT’s concern, too since they want to use just selective sets of AL combination.
Thus, we suggest to remove FFS term in Alt1.
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:
· FFS: Two linked SS sets are configured with the same number of candidates for each AL.
· Alt2: RRC configuration.

The second bullet is related to proposal 5. We will add our comment there.

	Intel
	The proposal is obscure to us. The main bullet for Alt-1 also applies to Alt-2 – isn’t it ? Basically what we are thinking is something like this:
Alt1: Having the same AL and the same candidate index:
FFS: Two linked SS sets are configured with the same number of candidates for each AL.
FFS: additional limit on the number of linked candidates

	Convida Wireless
	Support the proposal. Prefer Alt 1.

	FL
	@ Futurewei: Alt3 basically means that both are supported. If we can try to choose one, that is obviously preferred. Otherwise, we end up with multiple solutions for the same problem, which could be redundant to some extent. 
@ MediaTek: Based on the previous round of discussions, w/o the FFS part of Alt1, some companies would be no longer ok with it. 
@ Intel: I do not think that’s the case. Alt2 could be implemented in such a way that candidate index 1 of SS set 1 is linked with candidate index 2 of SS set 2 (so that network has more control in terms of CCE locations of linked candidates). Anyway, I assume with the FFS suggested by you, you will be ok with Alt1. If not, please let me know.
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
· Support: IDC, CMCC, LG, SS, Apple, DCM, Xiaomi, ZTE, OPPO, vivo, Fraunhofer, Ericsson, Convida, Nokia, MTK (?), Fujitsu, TCL, Spreadtrum, QC, Intel (?)
· Ok: Futurewei, NEC
· Alt2: RRC configuration.
· Support: Intel, Futurewei, CATT, Lenovo/MotM(?), NEC, Huawei/HiSilicon(?)




FL Update for Proposal 5
Majority of companies support either Option 1 or Option 2, while there are more support for option 1. In this meeting, down-selection between options may not be possible. Hence, I suggest focusing on description of both options.
@ Docomo, ZTE, Intel: In option 1, if 2 BDs are assumed (e.g. if a number between 1 and 2 is not introduced for the candidate values), the assumptions 1 versus 3 is transparent to the network. Whether the UE only performs one decoding or two decoding is up to the UE. If one candidate is dropped due to overbooking, it is up to the UE how to handle: either performs decoding based on LLRs corresponding to the non-dropped candidate only, or decides between Assumption 1 and 3 based on whether a candidate is dropped, or always follow Assumption 3. In other words, if number of BDs is 2, at least one option is that there should not be an impact on overbooking from spec point of view. This is obviously not the case if number of BDs is less that 2 or if it is larger than 2. In any case, whether a number between 1 and 2 is needed for # of BDs is FFS.
@ Ericsson, vivo: Given that majority of companies support either option 1 or option 2, and also based on the evaluation results provided by some companies (not just for the case of congested scenario but also other case), there seem to be enough motivation for more detailed knowledge of UE’s capability. 
@ Futurewei: The intention of the proposal is that UE can indicate how it decodes PDCCH, and based on that, network can decide whether/how to support dynamic switching. Unlike other channels, for PDCCH, the main issue from spec impact for supporting dynamic network selection is mainly about # of BDs and overbooking. 
@ CATT, Intel, Spreadtrum: From the inputs, down-selection of decoding assumption may not be easy as different implementations may be considered by UE vendors. Also, all assumptions / combinations have more or less same number of supports.
@ ZTE: Your suggestion for option 2 is followed in the update below.
@ Fraunhofer: Regarding soft-combining, even though the UE reporting of this capability may have an impact on BDs / overbooking, it still provides the information to the network from which it can be inferred whether dynamic selection by the network is safe or not (which is up to the gNB anyway as spec does not limit gNB’s behavior). Furthermore, reporting number of BDs is conditioned on if UE supports soft-combining.
FL Proposal 5: For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, consider one of the following two options for UE capability
· Option 1: 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, 3. 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· Option 2: UE reports one or more decoding assumptions out of decoding assumptions 1-4
· Number of BDs for decoding assumptions 1: 
· Alt1: 2BDs
· Alt2: A value between 1 and 2 BDs
· Number of BDs for decoding assumptions 2 or 3: 2
· Number of BDs for decoding assumption 3: 2
· Number of BDs for decoding assumption 4: 3
· FFS: Network configuration based on the above UE capabilities

Please provide your input:
	Company
	Comments

	InterDigital
	Support the proposal, and prefer Option 2

	CMCC
	Support Option 1.
And a value between 1 and 2 is needed for Option 1.

	LG
	Support

	Samsung
	Support option 1. As we mentioned in the last round, in addition to report whether to support soft combining or not, UE can further report the required number of BDs for the two PDCCH candidates, and NW can consider this reported value as UE’s maximum ability. Among the reported value, whether to perform soft combining or not is up to UE implementation.

	Apple
	We do not think UE needs to report the decoding assumption. Instead, UE can report the BD/CCE counting schemes. To be more specific, the BD should be counted X times, and the value of X can be reported by UE. From gNB perspective, gNB does not need to know what decoding scheme UE is using.

	NTT Docomo
	Support the proposal and prefer option2.
And we’d like to clarify following understanding for Option1
Based on FL’s comments, in option1 if UE reports 2 BDs, it means UE supports both assumption1 and assumption3, then whether assumption1 or 3 is actually used by UE can be up to UE. Is the above understanding correct?
Our concern is if UE reports 2 BDs but only supports assumption1, there will be some problem due to overbooking. In our understanding, with assumption1, UE will buffer the PDCCH at the 1st PDCCH candidate but not try to decode, in this case, if the 2nd PDCCH candidate is dropped due to overbooking, is UE able to decode the PDCCH?
Thus, we would like to clarify that for option1 if UE reports 2 BDs, whether UE supports both assumption1 and assumption3, or UE may only support assumption1.

	Xiaomi
	We support the FL proposal and we prefer Option 1.

	ZTE
	Support the proposal and prefer option2.
We have the same views as DOCOMO. For option 2, if UE reports 2 BDs, gNB cannot be aware whether the first PDCCH can be individually detected at UE side. However, from gNB side, it is better to get such information to help determination of PDCCH transmission.

	OPPO
	We share the same view as Apple that UE don’t need to disclose the decoding scheme. It is preferable for UE to report the number of blind decoding for the reception of the two linked PDCCH candidates

	vivo
	Do not support option1 and option2
Firstly, we observed the conclusion based on respective LLS result from Qualcomm, Huawei and ZTE are different and suggest analyzing the reason further. We should have a common understanding whether assumption4 with high complexity is needed or not if the performance is similar with assumption 1, 3 and 4.  
Secondly, assumption1, assumption2, or assumption3 can be UE implementation, the algorithms should be transparent to gNB. In addition, gNB always assume 2 BDs for PDCCH repetition with two candidates, there is no need to introduce UE capability signaling.
In order to discuss sufficiently, we propose.
·  UE capability for BD assumption is not needed.
· It is up to UE implementation to perform assumption1, 2 or 3, and always assumed 2BDs are used.

	Fraunhofer IIS/HHI
	Support the proposal in principle and prefer option 1. Just a clarification. If the UE reports that it does not support soft-combining in option 1, is a default value of 2 BDs assumed?

	Ericsson
	Same view as vivo. Furthermore, unless there is a RAN4 test, which is unlikely, there is no way to guarantee that UE use 3 BD for soft combining scheme. Hence, it is easy to report 3 BD but skip to decode the soft combined candidate to save implementation complexity.  We agree with Apple that UE does not need to report decoding assumption. Also, 2 BD can always be assumed for linked candidates. Keep it simple. 

	Nokia
	Agree with Apple. We could avoid the discussion by simply agreeing that UE can report candidate values for BD limit calculation, X, and gNB applies that. 

	Futurewei
	We agree with vivo that companies should understand the evaluation results better. In our evaluations, Assumption 4 of 3 BDs and Assumption 3 of 2 BDs have nearly the same performance.
However, this does not mean that Assumption 4 of 3 BDs should be ruled out. As analyzed in our tdoc, if the network may dynamically select only one candidate to transmit, then 2 BDs are insufficient in the worst case. For example, if the 2 BDs are (soft combining, candidate 2), it is insufficient when gNB transmits only candidate 1; if the 2 BDs are (soft combining, candidate 1), it is insufficient when gNB transmits only candidate 2; and if the 2 BDs are (candidate 1, candidate 2), it is insufficient when neither SINR is high enough but soft combining SINR is. That is, with possibly dynamic network selection, Assumption 4 of 3 BDs is the only sure bet.

	Intel
	We are generally supportive of option 2 

	MediaTek
	We have the same view as vivo. We support vivo’s proposal. 
However, if we want to introduce UE capability, we are fine with option1 with a condition that we remove “FFS: Whether a value between 1 and 2 should be added to the candidate values”.

	NEC
	Support the proposal, and prefer option 2.

	Fujitsu
	Support the proposal. Prefer option 1 (same view as Samsung and Apple that there is no need to disclose UE decoding scheme).

	TCL
	Support option 1. In addition, a value between 1 and 2 is needed for option 1.

	Spreadtrum
	We share the same view with Apple, OPPO and VIVO, UE decoding scheme should not be disclosed. 

	Lenovo&MotM
	Agree with Apple’s comment of changing the decoding assumption to counting scheme. Both option 1 and 2 can work. We slightly prefer Alt.2 since 1. Reporting scheme is related simple (i.e. one level reporting) and 2. More decoding information can be obtained in case 2 BDs.

	Vivo2
	@Futurewei, in our view, PDCCH enhancement in Rel-17 is mainly useful for cell edge (located between two TRPs), which can be seen as supplementary configuration, gNB would always configure at least one SS for PDCCH transmission in S-TRP, and maybe an additional SS pair for M-TRP, gNB may dynamically select only one candidate to transmit PDCCH in this SS only for S-TRP, rather than in SS pair for M-TRP. gNB can handle if efficiently by implementation without introducing UE complexity with assumption4, furthermore this also brings another issue, for example in which PDCCH candidate the third BD should be calculated. Hence, we do not support UE capability reporting, and don’t see performance benefit of assumption4. 

	Huawei, HiSilicon
	Support FL proposal in principle.
As mentioned before, there is large performance gap between soft combining and selection based solution. So UE should report its capability of soft combining. 
For the detailed BD number, we cannot mandate that BD number is 2 for all of the Ues, so BD reporting may be needed. In our view, a value between 1 and 2 is beneficial for gNB scheduling for a specific specific UE implementation. 
Also, it’s better to have BD reporting associated with assumption. Otherwise, with BD number and soft-combining information only, it may be hard for RAN4 to define corresponding UE test requirement. In that case, with only BD number, and uncertain performance, the gNB may not be able to understand UE behavior and make scheduling decisions. 



Second FL Update for Proposal 5
Views are still diverging. It is FL’s view that more evaluations can be helpful here. Hence, we can focus on listing options and decide in the next meeting after further study. 
@ Docomo: My understanding is that in the scenario that you mentioned with overbooking (2nd PDCCH candidate is dropped), UE can still decode 1st PDCCH candidate (since both UE and gNB know that the 2nd PDCCH candidate is dropped). This makes it similar to the case that there is no linking, which is existing behavior.
@ Apple, OPPO, Nokia: New option 1 is added, which is same as old option 1 but w/o the soft combining part.
@ vivo, Ericsson, MediaTek: Option 4 is added in the proposal based on your preferred approach.
@ Fraunhofer: That’s correct. In the case of no soft combining (decoding assumption 2), number of BDs does not need to be reported (it is always 2) 
FL Proposal 5: For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, consider down-select one of the following two options for UE capability 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, 3. 
· FFS: Whether a value between 1 and 2 should be added to the candidate 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, 3. 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· Option 3: UE reports one or more decoding assumptions out of decoding assumptions 1-4
· Number of BDs for decoding assumptions 1: 
· Alt1: 2BDs
· Alt2: A value between 1 and 2 BDs
· Number of BDs for decoding assumptions 2: 2
· Number of BDs for decoding assumption 3: 2
· Number of BDs for decoding assumption 4: 3
· Option 4: Always 2 BDs are assumed irrespective of UE’s decoding assumption
· FFS: Network configuration based on the above UE capabilities for options 1-3

	Company
	Comments

	Xiaomi	
	Support the proposal and prefer Option 1. 

	NTT Docomo
	Support the proposal.
We prefer option2 or option3. We think whether soft combining is supported need to be aware by NW to make proper configuration. Because from simulation results, PDCCH repetition with soft combining outperforms repetition without soft combining. Moreover, simulation results show that PDCCH repetition without soft combining does not outperforms single transmission in FR1. 

	OPPO
	Support the proposal and prefer Option 1

	CATT
	Even for decoding assumption 3 and 4, marginal gain over assumption 1 can be expected. If assumption 4 is not considered, 2 BD units can always be assumed for assumption 1, 2 and 3. Therefore, the decoding assumption can be transparent to the network.

	Ericsson
	Support the FL proposal. Prefer Option 4 (see our previous comments)

	Futurewei
	We still think our dynamic network selection (due to network decision, wireless channel blocking/interference, or PDCCH blocking/overbooking) concern cannot be fully addressed in the current proposal. In the email discussion, we think this becomes a little more clear, and we support the FL’s latest clarification on “dynamic switching”. Our suggestion is:
Always 2 BDs are assumed irrespective of UE’s decoding assumption if dynamic switching is not expected/assumed, otherwise 3 BDs. 
We are fine to capture this as a separate option or jointly with Option 4 if the proponents are ok with it.

	MediaTek
	Support the proposal. We also prefer option 4 but we don’t support the added condition by Futurewei. We think the dynamic selection can only work for the UE supporting assumption 4 or 3 BDs (if agreed to report).

	Intel
	We prefer modification by Futurewei for option 4

	Convida Wireless
	Support the FL proposal.

	FL
	@ Futurewei, Intel, MediaTek: There seem to be disagreement about adding the red part. From my perspective, “dynamic switching” is not very well-defined for PDCCH as discussed in the Email (also, it is used among the group in multiple different ways). Anyway, I put this in the bracket. Let’s discuss more during GTW.

@ All: Other than the text in the bracket, this will be reported as an offline 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, 3. 
· FFS: Whether a value between 1 and 2 should be added to the candidate 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, 3. 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· Option 3: UE reports one or more decoding assumptions out of decoding assumptions 1-4
· Number of BDs for decoding assumptions 1: 
· Alt1: 2BDs
· Alt2: A value between 1 and 2 BDs
· Number of BDs for decoding assumptions 2: 2
· Number of BDs for decoding assumption 3: 2
· Number of BDs for decoding assumption 4: 3
· Option 4: Always 2 BDs are assumed irrespective of UE’s decoding assumption [if dynamic switching is not expected/assumed, otherwise 3 BDs]
· FFS: Network configuration based on the above UE capabilities for options 1-3




FL Update for Proposal 6
Views are summarized below:
Option 1: Docomo, Ericsson, InterDigital, Lenovo&MotM, Huawei/HiSilicon, LG, Fraunhofer, MediaTek, OPPO, Samsung, Xiaomi, TCL
Option 2: Docomo, Ericsson, InterDigital, Futurewei, Qualcomm, CATT, Huawei/HiSilicon, Intel, MediaTek, OPPO, Spreadtrum, Nokia/NSB, APT
Option 3: ZTE, Spreadtrum, Vivo, Nokia/NSB, NEC
@ Apple: Number of RBs (and hence CCEs) of the two CORESETs are not restricted to be the same even in the original proposal 2.3.2.
Given that the number of supporting companies are similar for both Option 1 and Option 2, it is suggested to go with Option 2 to avoid the ambiguity in case the CORESETs are not restricted to be always different. Other than this point, there is no technical difference between the two options.
FL Proposal 6: 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
· Option 1: The one with the lowest CORESET ID is applied
· Option 2: The one with the lowest SS set ID is applied.
· Option 3: The one that ends later is applied.
· If they end in the same symbol, choose either Option 1 or option 2.

	Company
	Comments

	InterDigital
	We support FL’s proposal.

	CMCC
	Support

	LG
	Regarding FL’s comment “CORESETs are not restricted to be always different”, we have different understanding. With confirmed working assumption, PDCCH repetition uses 2 CORESETs and they always have different ID. We prefer Option 1. 

	Samsung
	Support Option 1 and we cannot understand why the CORESETs are not restricted to be always different. Our understanding of Alt3 is that two SS sets are configured with two different CORESETs and not supporting single-TRP PDCCH repetition. Hence, there is no case for the same CORESET is associated with two SS sets. So we believe it is too early to remove Option 1.

	Apple
	This proposal may not be needed.

If the PDCCH candidates are one to one mapped with the same AL, the total number of CCE should be the same for both CORESETs.

	FL
	@ Apple: Please see my response above. Even if candidates are linked one-to-one with the same AL, it does not mean the two CORESETs have the same number of CCEs. These are independent. Hashing function in 38.213 defines how candidates are mapped to CCEs. # of candidates / AL is a property of SS set. # of CCEs (number of RBs) is a property of CORESET.

@ LG, SS: My understanding of Alt3 that is agreed is that “corresponding CORESETs” does not mean different CORESETs always. Corresponding CORESETs can be the same CORESET.
· Alt 3: Two SS sets associated with corresponding CORESETs

With option 1, the restriction needs to be agreed additionally. Let’s discuss this proposal then:
FL Proposal 6: 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
· Option 1: The one with the lowest CORESET ID is applied
· Two linked SS sets cannot be associated with the same CORESET
· Option 2: The one with the lowest SS set ID is applied.


	NTT Docomo
	Support the proposal.

	Xiaomi
	Support Option 1 in the updated FL proposal 6

	ZTE
	For progress, we are OK to support option 1 or the updated FL proposal (further down-selsect between option 1 and 2)

	OPPO
	Support FL’s proposal

	vivo
	Whether to support pure FDM based PDCCH with overlap in time or not is yet to be agreed. We support option3 for implicit PUCCH determination since similar approach as option3 has been agreed for proposal8, we support a unified framework for PDCCH enhancement at least for the two linked PDCCH candidates in the time domain.

	Fraunhofer IIS/HHI
	Our understanding of Alt-3 is the same as SS and LGE. Support option 1 in the revised FL proposal.

	Ericsson
	Support the proposal

	Samsung2
	Support option 1 in the updated FL proposal. Though we agree that the wordings of Alt3 agreement which allows same CORESETs to be configured in both the linked SS sets, we need to first resolve whether single TRP PDCCH repetition, where the CORESETs are intended to be same, is in the scope of the WID. From our understanding the WID proposes only mTRP enhancements for PDCCH. To conclude on this understanding, we have proposed one more issue “Issue 4” to be added in Proposal 10.

	Convida Wireless
	Support.

	Nokia
	Support. There is no difference between option 1 and 2. 
Bit confused now with the discussion how CORESETs can be the same when we agreed to Alt.3. They are different CORESETs. Without that how do we have different beams here. Or are we also trying to cover single TRP PDCCH repetition?


	Futurewei
	Support the proposal.

	Intel
	Ok

	MediaTek
	Support

	NEC
	Support the proposal.

	Fujitsu
	Support FL’s updated proposal.

	TCL
	Support the proposal.

	Spreadtrum
	Support FL’s proposal.

	Lenovo&MotM
	Support FL’s further updated proposal and option 1. In our understanding, 2 CORESETs with different ID are used for Alt. 3.

	Huawei, HiSilicon
	Support FL’s proposal.



FL Proposal 6: 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
· Two linked SS sets cannot be associated with the same CORESET
· Option 2: The one with the lowest SS set ID is applied.

FL Update for Proposal 7
@ CATT, Lenovo, Huawei: As commented by LG, irrespective of dynamic switching, the ambiguity should be resolved since if UE does not always rate match around both linked candidates, gNB could have sent both candidates in both cases of dynamic switching or in the case of always transmitting both candidates.
@ Apple: The existing spec language is copied below, which requires some changes if the proposal is agreed. First, there could be more than one CORESET involved. Second, the spec could make it clear that the condition to rate match around both candidates is based on they being linked (and not based on which one is decoded).
[bookmark: _Hlk62602755][bookmark: _Hlk62602734]If a PDSCH scheduled by a PDCCH would overlap with resources in the CORESET containing the PDCCH, the resources corresponding to a union of the detected PDCCH that scheduled the PDSCH and associated PDCCH DM-RS are not available for the PDSCH.
Based on the above, the proposal is unchanged.
FL Proposal 7: If a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources 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.
	Company
	Comments

	InterDigital
	We support FL’s proposal.

	CMCC
	Support 

	LG
	Support 

	Samsung
	Support

	Apple
	Before we agreed this, we would like to understand if two SSs are configured for repetition, is it correct that gNB should always transmit PDCCH repetitions? If gNB can dynamically fallback to transmit only one PDCCH, some resource elements can still be used for PDSCH.

	FL
	@ Apple: Can you elaborate more in the case that gNB dynamically fallbacks to transmit one PDCCH, how the UE is aware of that so that it can do the proper rate matching? 

	NTT Docomo
	Support 

	Xiaomi
	Support 

	ZTE
	OK for this proposal

	OPPO
	Support FL’s proposal

	vivo
	Support this proposal only for FR1.
For FR2, for UE receiving DL signals simultaneously with two panels from two TRPs, the mutual interference between two panels is possible small. If one PDCCH candidate from TRP1 is overlapped with one PDSCH occasion from TRP2, PDSCH rate matching around PDCCH individually improves the performance of PDSCH, hence it should be further studied for FR2..

Proposal 7: For FR1, if a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources 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.
   FFS: For FR2, further study the behaviour of rate matching 

	Ericsson
	Support. Regarding Apples question, gNB may skip to transmit one repetition if there is blocking, but UE shall always assume both are transmitted if there is a link. Rate matching is in any case around both candidates when it overlaps with PDSCH.

	Convida Wireless
	Support

	Nokia
	Support. Agree with E/// on the answer for Apple. 

	Futurewei
	Support

	Intel
	OK

	MediaTek
	Support. For Apple’s question, we also have the same view as Ericsson.

	NEC
	Support the proposal.

	Fujitsu
	Support FL’s proposal.

	TCL
	Support the proposal.

	Spreadtrum
	Support

	Lenovo&MotM
	Support FL’s proposal. If enhanced rate matching is optimized in case of dynamic switching for PDCCH transmission between single TRP and multiple TRPs, the dynamic signaling may be considered to use for indicating which candidate for rate matching.

	Huawei, HiSilicon
	We are fine with the FL’s proposal.



FL Proposal 7: If a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources 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.

FL Update for Proposal 8
The following was agreed in the GTW session:
Agreement
[bookmark: _Hlk62476667]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

There are still questions regarding the bracket ([out-of-order]) as well as the last FFS. 
The second bullet is about the following out-of-order restrictions / in-order condition 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.
Furthermore, out-of-order scheduling is allowed in the case of multi-DCI based multi-TRP:
When PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, the following operations are allowed: 
- 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 associated with a value of coresetPoolIndex ending in symbol I, the UE can be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH associated with a different value of coresetPoolIndex that ends later than symbol i.
If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet for the active BWP of a serving cell and PDCCHs that schedule two non-overlapping in time domain PUSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, 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 associated with a value of coresetPoolIndex ending in symbol I, the UE can be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH associated with a different value of coresetPoolIndex that ends later than symbol i.
My understanding from the agreement is that for the first two parts above (related to in-order scheduling), the PDCCH ending symbol is the last symbol of the reference PDCCH candidate, but for the last two parts above (related to out-of-order scheduling for multi-DCI based mTRP), it is FFS and will be discussed later (including whether multi-DCI and PDCCH repetition can be used together).
Q1: Do you agree with the understanding above? 
Regarding the last FFS point, my understanding is that it is not needed as I commented on the GTW call. Relative position in the time domain is known to the UE as we agreed that the two PDCCH candidates are explicitly linked (and UE is aware of linkage before decoding).
Q2: Do you agree the last FFS is not needed?
If the answer to both of the questions above is yes, we can clarify the agreement to avoid confusion / misunderstanding:
[bookmark: _Hlk62600143]FL Proposal 8: 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

Please comment on Q1 and Q2 above and if you agree with the above revision for clarity and to avoid confusion:
	Company
	Comments

	InterDigital
	Support the proposal

	CMCC
	Support

	LG
	Support

	Samsung
	Q1: yes, Q2: yes.

	Apple
	Support in principle

	NTT Docomo
	Support 

	Xiaomi
	Support 

	ZTE
	It is unnecessary to revise the agreement in this meeting. Especially for out-of-order issue, it is related to MDCI based MTRP where ooo can hap between two TRPs. We would like to revise the agreement after FL proposal 10 is discussed. 

	OPPO
	Support

	vivo
	Support the proposal
Q1: YES
Q2: YES

	Ericsson
	Support although the words “in the time domain” can be removed from the main bullet since time dimension is already mentioned

	Convida Wireless
	Support

	Nokia
	Support. Q1 – Yes / Q2 – Yes

	Futurewei
	Support

	Intel
	Support and same view as Ericsson

	MediaTek
	Support the proposal. 
Q1 – yes, Q2 – yes

	NEC
	Support the proposal.

	Fujitsu
	Support FL’s proposal.

	TCL
	Support the proposal.

	Spreadturm
	Support

	Lenovo&MotM
	Support FL’s proposal

	Huawei, HiSilicon
	Support FL’s proposal, we prefer to have “in time domain” for better clarification.
For the out-of-order issue, the DCI and PDSCH pairs can occur in any position, so there would be no misunderstanding if we don’t specify a candidate PDCCH position. The “symbol i” definition causes no ambiguity. 


[bookmark: _Hlk62600076]
FL Update for Proposal 9
@ OPPO, Samsung: If PRI is based on the later candidate, then it means that gNB has to make up its mind at the time of the first repetition about PUCCH resource selection (i.e. when additional DCIs for other CCs are sent later, this DCI could be selected as the last DCI if the reference is the later candidate). It seems that the issue is very similar to the issue of DAI and less similar to the issue of proposal 8. Please elaborate more why you think the later candidate is a better choice for PRI purpose.
The proposal is unchanged for now. 
[bookmark: _Hlk62599590]FL Proposal 9: 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.

	Company
	Comments

	InterDigital
	We support FL’s proposal.

	CMCC
	Support

	LG
	Support

	Samsung
	Support the FL proposal. In the last round, we confused the proposal 8 as the proposal for the implicit PUCCH resource determination.

	Apple
	Support

	NTT Docomo
	Support 

	Xiaomi
	Support

	ZTE
	Support

	OPPO
	Our original intention is that the solution based on later candidate may reduce the UE complexity. However, we also see that it may restrict the possibility to optimize the PUCCH resource allocation based on later PDCCH transmission. We can follow majority views on this topic.

	Vivo
	Support

	Ericsson
	Support

	Convida Wireless
	Support

	Nokia
	Support

	Futurewei
	Support

	Intel
	Support

	MediaTek
	Support

	NEC
	Support

	Fujitsu
	Support

	TCL
	Support

	Spreadtrum
	Support

	Lenovo&MotM
	Support

	Huawei, HiSilicon
	Support


 
FL Update for Proposal 10
The proposal below lists the issues for further study.
@ZTE: I added your suggestion for multi-DCI. It is not clear what are the issues for sDCI based mTRP or for single-TRP. We can list additional issues if/when they are identified. 
[bookmark: _Hlk62599942]FL Proposal 10: 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.

	Company
	Comments

	InterDigital
	We support FL’s proposal.

	LG
	Support

	Samsung
	Support the FL proposal.

	Apple
	Support

	NTT Docomo
	Support 

	Xiaomi
	Support 

	ZTE
	Support 
From our view, PDCCH repetition can be used for all PDSCH schemes including MDCI based MTRP.

	OPPO
	ok

	vivo
	Support

	Ericsson
	Support the study list

	Samsung
	Support the FL proposal on the first three issues. Since progress of Proposal 6 requires the understanding of whether single-TRP PDCCH repetition is required or not, we would like to add one more issue to discuss as follows.

· 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.
· [bookmark: _Hlk62599965]Issue 4: Whether single-TRP PDCCH repetition is required or not

	Convida Wireless
	Support the FL proposal.

	Nokia
	Support .

	Futurewei
	Support. Also fine with Samsung’s Issue 4.

	Intel
	Support

	MediaTek
	Support. For issue 4, isn’t it out-of-scope?

	NEC
	Support the proposal.

	Fujitsu
	Support

	TCL
	Support the proposal.

	Spreadtrum
	Support FL’s proposal

	Lenovo&MotM
	Support FL’s proposal

	Huawei, HiSilicon
	Support. 



FL Proposal 10: 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.
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