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Introduction
In Rel-16, PDSCH enhancements for multi-TRP have been specified, while PDCCH, PUCCH and PUSCH were remained to be enhanced due to the lack of time. In RAN#86, the Rel-17 WID of further enhancements on MIMO for NR is approved [1]. In order to complete the multi-TRP enhancement for all channels, in the approved WID, a particular point is to improve reliability and robustness for channels other than PDSCH, targeting for both FR1 and FR2. The detail is given as follows.
	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 


So far, basic enhancement aspects have been finished for PDCCH, PUSCH and PUCCH. However, there are still some leftover issues. In this contribution, we provide our views for the remaining issues on these Rel-17 enhancement aspects.
Discussion 
We discuss some remaining issues for MTRP PDCCH reliability enhancements in this section.
PDCCH enhancement
In general, PDCCH enhancement in Rel-17 is to use RRC signal linking two PDCCH candidates to form PDCCH repetitions which comprise of the same DCI contents. Furthermore, in order to get soft combining gain for the detection of two PDCCH repetitions, two linked PDCCH candidates in two linked SS sets should have the same aggregation level and the same candidate index. For the sake of flexibility, it has been concluded that the agreed PDCCH repetition framework supports both TDM and FDM schemes. 
Since two PDCCH repetitions carrying the same DCI contents are to allocate the same scheduling information, e.g. scheduling the same PDSCH, PUCCH, PUSCH, CSI-RS, etc., one of the two PDCCH repetitions should be predetermined as the reference to solve some ambiguous issues including BD counting, scheduling timing offset between PDCCH and PDSCH with mapping Type B, PUCCH resource determination for HARQ-ACK, counter DAI / total DAI and Type-2 HARQ-ACK codebook construction, default beam of PDSCH transmission, etc. Through the good discussion before, most of the ambiguous issues have been addressed. However, some of them are still open and needed to be discussed. In this section, we provide our views on these remaining issues one by one. 

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


Based on the above agreements, all ambiguity has been solved for overbooking except the case when 3 BDs are counted for two linked candidates in the same slot/span. 
As described in Case 2 in the above agreement made in RAN1#106-e meeting, all of Alt 2, Alt 1-1 and Alt 1-2 can work in our view. In the case when only both candidates lead to overbooking, UE can just drop the second candidate which has higher SS ID (lower priority), then the first PDCCH candidate which has lower SS ID (higher priority) can still be detected by UE. However, Alt 2 does not allow such case happening since both candidates are always dropped together. This will cause PDCCH resource waste. Hence, Alt.2 is not preferred. 
Both Alt.1-1 and Alt 1-2 are efficient from resource utilization perspective. We are general fine to go for either way. Based on previous discussion, Alt.1-1 may need UE to dynamically switch between 2BDs and 3 BDs which will cause higher UE complexity. Hence, we slightly prefer Alt 1-2 for simplicity. 

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

Processing timeline 
In RAN1#106bis-e meeting, the previous working assumption was confirmed as below [3]. 
	Agreement
Confirm the Working assumption in RAN1 #106-e:
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, d1,1 for PDSCH processing time is determined
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value
· Note: Above applies at least for UEs doing selective decoding
FFS: Relaxation of processing time for soft combining of linked PDCCH candidates including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing, DCI processing (N timeline), etc.
FFS: How above applies for UEs doing soft combining


Some concern was raised especially in the case when UE does soft combining between two linked PDCCH candidates because of more UE complexity needed by PDCCH decoding which may further impact PDSCH processing timeline. However, as discussed before, more BDs are counted for the linked PDCCH candidates in which UE complexity has been considered already. Hence, we don’t think any further enhancement is needed.
Moreover, based on the agreements so far, gNB is not aware whether soft combining of linked PDCCH candidates is implemented at UE side or not. It is hard for gNB to determine a proper time gap between PDCCHs and scheduled signaling even such relaxation of processing time is agreed.  
Proposal 1-2: Do NOT support any relaxation of processing timeline for soft combining of linked PDCCH candidates.

UE complexity / memory requirements
In RAN1#106bis-e meeting, a proposal is suggested to be studied for reducing UE complexity/memory requirements for linked PDCCH candidates.
	· Alt1: Address the issue by UE capability, where UE indicates a limit on one of the following
· Alt 1-1: Total number of linked candidates of which the first candidate is received and the second one has not been received at any given time
· Alt1-2: Total number of linked candidates in a slot
· FFS: Whether limit is per CC or across all CCs.
· FFS: Whether limit is per AL or irrespective of AL
· Alt2: Address the issue by adding a restriction such as: For a pair of linked MO’s, UE does not expect to be configured with any other linked MO in between the pair of linked MO’s
· FFS: Whether restriction is per CC or across all CCs.
· FFS: Whether the same restriction applies when one or more individual MO’s are in between the pair of linked MO’s
· Alt3: The support of PDCCH repetition is indicated separately for different Rel-15/16 PDCCH monitoring capabilities
· Note: This capability may be needed irrespective of this issue but may address the issue at a coarser granularity.
· Alt4: There is no need to further discuss this issue


Alt 1-1 is unclear for us. From the current wording, it seems to preclude linking TDMed PDCCH candidates, which is not aligned with the previous agreement. 
Alt 1-2 is unnecessary in our view as the total number of BDs/CCEs has been limited based on Rel-15/16 rules. A further restriction on linked candidates in a slot is not needed.  
Alt 2 is too restrictive as it sacrifices scheduling flexibility. For example, in some cases, time domain resources for a pair of linked MOs are only available between another pair of linked MOs. 
Alt 3 is unclear as there is no detailed description. It can be further discussed in UE feature session. 
From our view, PDCCH repetition is a UE optional feature in which higher UE complexity has been considered for Rel-17 UEs. Moreover, some part of UE complexity has also been considered for BD calculation. We don’t think further discussion is needed.  
Proposal 1-3: Support no further discussion on UE complexity/memory requirements for linked PDCCH candidates

Ambiguities caused by AL16 and AL8
In the current 38.214 for Rel-15/16, there is a following description. This is because AL8 and AL16 candidates have the same mother code length, and are rate matched by repeating the mode code. If the first 8 CCEs of AL16 is an AL8 candidate, UE cannot distinguish whether a decoded DCI is from the AL8 candidate or AL16 candidate. 
-------------------------------------38.214-------------------------------------------
If a UE monitors PDCCH candidates of aggregation levels 8 and 16 with the same starting CCE index in non-interleaved CORESET spanning one OFDM symbol and if a detected PDCCH scheduling the PDSCH has aggregation level 8, the resources corresponding to the aggregation level 16 PDCCH candidate are not available for the PDSCH.
----------------------------------------------------------------------------------------
In Rel-17, PDCCH repetition is supported where two SS sets are linked via RRC signaling. In the case when one AL 16 candidate from a SS set has the same starting CCE with an AL 8 candidate from another SS set, there may be some ambiguous cases as follows. 
	· Case a: SS sets 1 and 2 are linked, and SS set 3 is individual: 
· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2
· SS set 3 has a AL8 candidate with the same start CCE as the AL16 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)
· Case b: SS sets 1 and 2 are linked, and SS set 3 is individual: 
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2
· SS set 3 has a AL16 candidate with the same start CCE as the AL8 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)
· Case c1: SS sets 1 and 2 are linked, and SS set 3 and 4 are linked
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2
· AL16 candidate in SS set 3 is linked with AL16 candidate in SS set 4
· AL8 candidate in SS set 1 has the same start CCE as the AL16 candidate in SS set 3 (associated with a same CORESET with 1-symbol duration)
· Case c2: SS sets 1 and 2 are linked: 
· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2, 
· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2
· AL8 candidate and AL16 candidate in at least one of the SS sets have the same start CCE (in a CORESET with 1-symbol duration)


 
However, based on Rel-15/16 discussion, the description captured in 38.214 is mostly used for PDCCH candidates AL16 and AL8 with the same DCI size, scrambling ID, even the same CORESET and SS set. For Rel-17 PDCCH repetitions typically from different two SS sets and different CORESETs, we think above four cases are not typical from gNB configuration perspective as the motive of such configurations is not clear.  Hence, we expect the cases will happen with extremely low probability. Once some happen, they will be treated as other usual cases, e.g. the PDCCH and the related PDSCH may not be decoded successfully, then UE just reports ‘NACK’ to gNB. 
Proposal 1-4: Further discussion for ambiguity caused by AL8 and AL16 is not needed. 

PUCCH enhancement
We discuss the remaining issues for MTRP PUCCH related enhancements in this section.
Collision handling of PUCCH repetition with other channels/signals
In the case of TDD operation in Rel-15/16 NR, a single carrier frequency for uplink and downlink channels/signals are separated in the time domain on a cell basis. Since the UE cannot transmit and receive simultaneously, some signaling mechanisms providing information to the UE on whether the resources are used for uplink transmission or downlink reception, such as: (i) dynamic signaling for the scheduled transmission; (ii) semi-static signaling via RRC; (iii) dynamic SFI shared by a group of UEs. In the case of PUCCH repetition, the following rules are used according to the current specification [TS 38.213, Section 9.2.6]:
i) UE does not transmit the PUCCH in the slot where the number of symbols available for the PUCCH transmission is smaller than the value provided by nrofSymbols for the corresponding PUCCH format;
ii) UE does not expect the set of SSB symbols (indicated by ssb-PositionsInBurst) to be used for PUCCH transmission;
iii) UE does not transmit the PUSCH repetition Type A or actual PUSCH repetition Type B in the slots which would overlap with PUCCH transmission when the conditions for multiplexing the UCI in the PUSCH are satisfied in the overlapping slots;
iv) UE does not multiplex different UCI types in a PUCCH repetition;
v) When two PUCCHs are overlapping, UE does not expect these PUCCHs to start at a same slot and include the same UCI type priority, and UE does not transmit the later PUCCH repetition with same UCI type priority, and UE does not transmit the PUCCH with lower UCI type priority;
vi) UE does not expect a PUCCH that is in response to a DCI format detection to overlap with any other PUCCH that does not satisfy the corresponding timing conditions.
With respect to MTRP PUCCH repetition in Rel-17, the PUCCH repetitions toward different TRPs should have the same UCI type priority and content. There is no difference between Rel-15/16 and Rel-17 to apply the above collision rules in our view. That is, the existing rules on collision handling between PUCCH repetition and other channels/signals should be kept aligned with the mechanisms in Rel-15/16 to guarantee high reliability and low interference. 
One possible conclusion was almost reached in RAN1#106b-e meeting that Rel-15/16 collision handling between PUCCH repetition and other channels/signals are also applied for Rel-17 MTRP PUCCH repetition schemes. Some companies argued that only drop the overlapping part of PUCCH repetitions instead of the entire PUCCH repetitions, because it is not workable to drop the former repetitions when collision occurs in a late repetition. However, according to the section 9.2.6 of [TS38.213] for collision handling of PUCCH repetition procedure, there is no problem in fact for the above rules i to vi when the case of collision occurs in the late repetition. Hence at least the legacy rules of collision handling should be allowed in Rel-17 MTRP PUCCH repetition schemes accordingly.
Proposal 2-1: Confirm that Rel-15/16 collision handling between PUCCH repetition and other channels/signals are also applicable for Rel-17 M-TRP PUCCH repetition schemes.

Confirmation on intra-slot beam hopping (Scheme 2)
In previous meetings, intra-slot beam hopping based MTRP PUCCH (scheme 2) was proposed and supported by many companies, which aims to improve reliability and reduce latency for further enhancement. In scheme 2, when there are two beams activated for a PUCCH resource without repetition, the single PUCCH occasion of the given PUCCH resource is divided into two sets of symbols which corresponding to two beams. Thus, scheme 2 can be implemented by reusing frequency hopping pattern in Rel-15 and directly improve the reliability of PUCCH transmission with very low specification change. In addition, scheme 2 is somehow similar to FDM-A based MTRP PDSCH repetition in Rel-16(which has been specified in the existing specifications), where the PDSCH transmission is divided into two sets of frequency domain resource allocation corresponding to two beams.
Proposal 2-2: Support intra-slot beam hopping (scheme 2) for MTRP PUCCH repetition.

PUSCH enhancement
We discuss the remaining issues for MTRP PUSCH related enhancements in this section.
The value of NSRS,0_2
In RAN1 #106bis-e meeting, the following agreement was endorsed to specify the SRS resource set configuration when MTRP PUSCH scheduled by DCI format 0_1 and format 0_2. One pending issue is whether the value of NSRS,0_2 in two SRS resource sets should be the same or different [3].
	Agreement
For both CB and NCB based mTRP PUSCH repetition schemes,  
· The SRS-ResourceSets (the first and second SRS resource sets) applicable for multi-TRP PUSCH scheduled by DCI format 0_1 and DCI format 0_2 are defined by the entries of the higher layer parameter srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2 in SRS-config, respectively. 
· The first/second SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 is composed of the first NSRS,0 2 SRS resources in the first/second SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList. 
· FFS: Whether the value of the NSRS,0 2 can be different
· The presence of the new field in the DCI for dynamic switching (2bits) is separately determined for DCI format 0_1 and DCI format 0_2 (based on whether two SRS resource sets are configured for that DCI format).


According to one endorsed agreement in the last meeting that the number of SRS resources configured in the two SRS resource sets should be the same for both CB and NCB based MTRP PUSCH repetition, it is natural to keep this rule to be alignment for MTRP PUSCH scheduled by DCI format 0_1 and format 0_2. Hence the value of the NSRS,0_2 in two SRS resource sets configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 should be the same.
Proposal 3-1: The value of the NSRS,0_2 in two SRS resource sets configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 should be the same.

Minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS
In RAN1 #106bis-e meeting, the following agreement was endorsed to further down-select one alternative of the minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS for precoding update when MTRP PUSCH repetition schemes [3].
	Agreement
For NCB based mTRP PUSCH repetition, on the minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS, select one from the below in RAN1 #107-e meeting,
· Alt. 1: If both SRS resource sets are triggered in an overlapped manner in time domain (overlapping refer to overlapping of minimal gaps between two pairs of associated NZP-CSI-RS and aperiodic SRS corresponding to two SRS resource sets), the UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission is less than 42 + d OFDM symbols, where d indicates the number of overlapped symbols for the two pairs of associated NZP-CSI-RS and aperiodic SRS for NCB.
· FFS: value of d
· Alt. 2: UE is not expected to support overlapping precoding calculation for different associated NZP-CSI-RS within a CC, i.e., the UE is not expected to get triggering for two SRS resource sets in an overlapped manner in time domain (overlapping refer to overlapping of minimal gaps between two pairs of associated NZP-CSI-RS and aperiodic SRS corresponding to two SRS resource sets).
· The minimal gap between associated NZP-CSI-RS and aperiodic SRS is same as Rel-15/16.
· Alt.3: Introduce a UE capability on UE support simultaneous precoding calculation for different associated NZP-CSI-RS within a CC.
· The minimal gap between associated NZP-CSI-RS and aperiodic SRS is same as Rel-15/16.
· Alt. 4: There is nothing wrong with the legacy procedures and capability indication to handle this issue. No changes to spec.



Regarding the preparing time of precoding calculation when two pairs of associated NZP-CSI-RS and aperiodic SRS corresponding to two SRS resource set are overlapped, we think the existing gap with up to 42 symbols in Rel-15/16 is sufficient for the UE to handle it and no relaxation is needed. Hence we support Alt. 4.
Proposal 3-2: For the minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS, support Alt. 4 that there is nothing wrong with the legacy procedures and capability indication to handle this issue.

Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide the following proposals on MTRP PDCCH, PUCCH, and PUSCH related enhancements. 
For PDCCH
Proposal 1-1: For overbooking in the PCell for USS with two linked SS sets in the same slot/span, when 3 BDs are counted for two linked candidates, the third BD is counted as part of the SS set with higher ID, i.e. Alt.1-2.

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

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

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

For PUCCH
Proposal 2-1: Confirm that Rel-15/16 collision handling between PUCCH repetition and other channels/signals are also applicable for Rel-17 M-TRP PUCCH repetition schemes.
Proposal 2-2: Support intra-slot beam hopping (scheme 2) for MTRP PUCCH repetition.

For PUSCH
Proposal 3-1: The value of the NSRS,0_2 in two SRS resource sets configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 should be the same.
[bookmark: _GoBack]Proposal 3-2: For the minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS, support Alt. 4 that there is nothing wrong with the legacy procedures and capability indication to handle this issue.
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