[bookmark: _Hlk498518780][bookmark: _Hlk525723053]3GPP TSG RAN WG1 #104-bis-e Meeting	R1-2103366
e-Meeting, April 12th – April 20th, 2021

Agenda item:		8.1.2.1
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia, Nokia Shanghai Bell
Title:	Enhancements for Multi-TRP URLLC schemes 
Document for:		Discussion and Decision
1.   Introduction
[bookmark: _Hlk492027000]The Rel-17 work item for enhancements on MIMO for NR includes an objective to extend specification support for enhancements on multi-TRP/panel transmission. In RAN #86, the objectives were agreed to read as follows [1]:
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 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework

In this contribution, we focus on the first objective, which is to improve reliability and robustness for channels PDCCH, PUCCH, and PUSCH. 
2.    Discussion
In the following sub-sections, we discuss details related to multi-TRP and multi-panel based reliability enhancement related to PDCCH, PUCCH, and PUSCH. 
2.1	PDCCH enhancements with multi-TRP
2.1.1 	MAC-CE support for linking of SSSets 
In RAN1#104-e, there was one FFS point regarding the potentials of utilizing MAC-CE supporting linking two SSSets as can be seen in the RAN1#104-e agreement below:
	Agreement
For PDCCH repetition, support linking two SS sets by RRC configuration:
· FFS: Whether MAC-CE can be used additionally
· When PDCCH repetition is monitored in two linked SS sets, the UE does not expect a third monitored SS set to be linked with any of the two linked SS sets.
· The two linked SS sets have the same SS set type (USS/CSS) 
· The two linked SS sets have the same DCI formats to monitor
· For intra-slot PDCCH repetition, 
· The two SS sets should have the same periodicity and offset (monitoringSlotPeriodicityAndOffset), and the same duration
· For linking monitoring occasions across the two SS sets that exist in the same slot: 
· The two SS sets have the same number of monitoring occasions within a slot and n-th monitoring occasion of one SS set is linked to n-th monitoring occasion of the other SS set



Based on the agreements so far, one-to-one linking between two PDCCH candidates in two SSSets (corresponding to two different CORESETs) is supported by linking of a first SSSet and a second SSSets via RRC with the restrictions on the linked SSSet configuration. The configuration restrictions are agreed such that both linking between monitoring occasions as well as linking between different PDCCH candidates within a given pair linked monitoring occasions are supported. If we assume 2 CORESETS associated with 2 beams where each beam represents each TRP, the UE can receive repetition and SS sets which are associated with their corresponding CORESETs. When a CORESET beam is changed, the association of SSSet linking may not be that meaningful if the network does not wish to transmit PDCCH repetition with the updated beam for the CORESET. In such cases, the inability to change SSSet linking in a more dynamic manner may cause unnecessary decoding attempts at the UE and also the inability of possible use of SSSet flexibly at the network side. 
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Figure 1: SSSets linking in case of new CORESET beam. SSSet linking is not changed.   

[bookmark: _Hlk68084423]Observation 1: Having different signalling mechanisms for linking SSSets (via RRC) and updating CORESET beam (via MAC-CE) may not fully provide the required flexibility for M-TRP PDCCH repetition. 
To provide more flexibility, it should be reasonable to agree on a new MAC-CE to update the linked SSSets or to remove the linking fully such that the UE can follow S-TRP PDCCH reception without counting BD/CCE limits assuming the M-TRP PDCCH repetition. 
Proposal 1: MAC-CE shall be used to update linked SSSets and disable the linking of SSSets. 

2.1.2 	Inter-slot PDCCH repetition timing 
In RAN1 #104-e meeting, there was one FFS item that was listed, which was mainly related to defining reference PDCCH candidate timing considering the two linked PDCCH candidate:
	Agreement
For Option 2, at least for the following purposes, a reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain:
· To determine the scheduling offset to identify whether a default beam should be used for PDSCH / CSI-RS reception.
· To extend the definition of in-order for PDCCH-PDSCH and PDCCH-PUSCH, i.e., PDCCH ending symbol is the last symbol of the reference PDCCH candidate in at least the following restrictions in 38.214. 
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.
· For PUSCH preparation time (N2) and CSI computation time (Z): Last symbol of the PDCCH is based on the last symbol of the reference PDCCH candidate.
FFS: If inter-slot PDCCH repetition is supported, for slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: The slot of the reference PDCCH candidate is used as the reference slot



As agreed in the above agreement, intra-slot PDCCH repetition uses the candidate that ends later in time among two linked PDCCH candidates the reference to derive scheduling offsets for PDSCH/CSI-RS. The last FFS point kept open due to the concerns of supporting inter-slot repetitions. As most of the discussions on intra-slot is getting finalized, we think that the details of the inter-slot repetition can also be agreed. 
Proposal 2: For inter-slot PDCCH repetition, for slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: The slot of a reference (the PDCCH candidate ends later in time) PDCCH candidate is used as the reference slot.

2.1.3 	Rate matching of linked PDCCH candidates with dynamic switching 
In RAN1 #104-e meeting, there was one FFS item that was listed, which was mainly related to rate matching of the linked PDCCH candidates considering dynamic switching between S-TRP and M-TRP:
	Agreement
At least for FR1, if a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources in the CORESET(s) containing the PDCCH candidates overlap with the resources of the PDSCH, the PDSCH is rate matched around the union of two PDCCH candidates and the corresponding DMRS.
· Note: This does not imply that two linked PDCCH candidates can / cannot be overlapping in resources, which is a separate discussion.
· FFS: The case of FR2/when dynamic switching between S-TRP and M-TRP is supported



Mainly in FR2, as we explained before, CORESETs may get beam updates, and multi-TRP PDCCH repetition may not be feasible. So, unlinking of SSSets is needed and shall be supported by MAC-CE. Also this may not only for FR2 as it would be a good feature even for FR1. In such cases, we assume switching between single PDCCH reception vs multiple PDCCH repetition reception to be supported, which may also impact rate matching. When single PDCCH reception mode is supported, it is not required to follow the principal agreed in the above agreement and follows Rel-15 rate matching. 
Proposal 3: When SSSets are unlinked via MAC-CE, the rate matching of PDSCH does not have to consider any linked PCCCH candidates associated CORESETs. 

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



From our point of view, all the above options do not differ much from each other. Option 3 is providing more information related to decoding assumption than all other variants, and we would be okay with that approach. 
Proposal 4: For the number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, support Option 3 as the first choice or option 2 as the second choice. 

2.1.5 	Remaining issues of PDCCH repetitions 
In RAN1 #104-e meeting, there were several FFS items that were listed, which were mainly due to the presence of two PDCCHs scheduling the same thing:
	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.



Issue 1: Starting symbol for PDSCH mapping type B for SLIV
In Rel. 16, the reference point S0 for starting symbol S is defined as: 
if configured with referenceOfSLIVDCI-1-2, and when receiving PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0, and PDSCH mapping Type B, the starting symbol S is relative to the starting symbol S0 of the PDCCH monitoring occasion where DCI format 1_2 is detected; 
otherwise, the starting symbol S is relative to the start of the slot using S0=0
The ambiguity appears basically when the two linked candidates have different starting symbol S0. Thus, it is required to define a reference PDCCH candidate. We do not see any different handling is required from the case of determining scheduling offset which uses the PDCCH that ends later in time among the two linked PDCCH candidates in the time domain. 
Proposal 5: Starting symbol for PDSCH mapping type B as well as a reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured) is defined using a reference PDCCH candidate, where the reference candidate is the candidate that ends later in time among the two linked PDCCH candidates in the time domain. 
Issue 2: default beam for PDSCH when TCI field is not presented 
The issue mentioned as “Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)” may require more clear discussion of what is stated as the issue. We see the following two issues, 

1. Both CORESETs associated with linked SSSets may not have the same configuration for TCI present in DCI. A mechanism to determine the TCI field in DCI of linked PDCCH candidates is required in such cases. 
· Here, we think that using a reference CORESET or a fixed definition for deriving DCI field size may be needed. Reference CORESET could be the lowest CORESET ID among linked CORESETs or the CORESET that got the latest TCI state update. Alternatively, when a fixed definition is used, it could be such that at least one CORESET having TCI present in DCI may lead to the UE assuming the DCI with TCI field. 

2. Both CORESETs may not have TCI field present in DCI (or DCI may not contain TCI field based on sub-issue 1 we highlight above), and offset between DCI and PDSCH could be larger than timedurationforQCL. In such a case, it is required to define the beam associated with the PDSCH. 
· Spec defines the following when a single PDCCH reception is applied, “If the PDSCH is scheduled by a DCI format not having the TCI field present, and the time offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell is equal to or greater than a threshold timeDurationForQCL if applicable, where the threshold is based on reported UE capability [13, TS 38.306], for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission within the active BWP of the serving cell.”
· Here, it should be straightforward to assume the CORESET with the lowest ID to be used for QCL assumption of PDSCH. 

Proposal 6: Regarding the TCI is not present in DCI (TCI-presentInDCI), the following cases shall be defined, 
· When TCI present in DCI configuration is different for linked CORESETs, a reference CORESET (e.g. lowest CORESET ID, latest beam updated CORESET) or fixed behaviour shall be defined in the spec to derive the TCI field in DCI for linked PDCCH candidates. 
· When TCI present in DCI configuration is disabled in both CORESETs, a reference CORESET (e.g. Lowest CORESET ID) is used to derive the QCL assumptions for PDSCH (when scheduling offset is equal to or larger than timeDurationForQCL). 

Issue 3: Multi-DCI M-TRP PDCCH repetitions
Even though it is discussed that “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.”, it is not clear to us what is the use case for M-DCI M-TRP to use CORESET linking across CORESETPoolIndex. CORESETPoolIndex are used to schedule independent PDSCH/PUSCH/PUCCH and hard to relate that scenario to scheduling the same PDSCH/PUSCH/PUCCH. This may cause unnecessary discussions in RAN1. 

Proposal 7: PDCCH repetitions are not associated with different CORESETPoolIndex. 

Issue 4: Use of the agreed framework for S-TRP
When using agreed framework for single TRP PDCCH repetition, both SSSets shall be associated with the same CORESET. We think it is worth supporting S-TRP PDCCH repetition as the benefits of PDCCH repetition is not limited to M-TRP operation. We also highlighted the importance of removing the linking RRC configured SSSet linking via MAC-CE. For Single TRP and M-TRP switch for the PDCCH repetition, RRC/MAC-CE can configure/indicate two SSSets associated with the same CORESET or with two CORESETs. 
Proposal 8: Single-TRP PDCCH repetition is supported by reusing the agreed framework for M-TRP PDCCH repetition. 
· RRC can link SSSets of the same CORESET 
· MAC-CE can be additionally used to update linked SSSets to change the linked SSSets such that S-TRP and M-TRP repetition modes are switched or PDCCH repetition mode is disabled. 

As the last point, we provide our preference to the following open item, 
	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.



We are fine with either option, but given S-TRP mode is supported, it seems easier to use option 2 where the lowest SS set ID is used for PUCCH resource determination. 
Proposal 9: 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, the one with the lowest SSSet ID is applied. 

2.2 	PUCCH enhancements with multi-TRP
2.2.1 	Multi-TRP PUCCH schemes
[bookmark: _Hlk67752949]2.2.1.1   On whether to support intra-slot beam hopping (scheme 2) 
In RAN1#104-e, the multi-TRP intra-slot repetition scheme (i.e. scheme 3) was agreed. On the other hand, the support of the multi-TRP intra-slot beam hopping scheme (i.e. scheme 2) is still open.  

In our view, there is no strong need to support both scheme 2 and scheme 3 as both schemes could achieve similar objectives from latency and reliability perspectives. Compared to scheme 2, scheme 3 is more natural as it would be similar to scheme 1 (i.e. multi-TRP inter-slot repetition) but essentially applied on a sub-slot level, and many design aspects can be adopted based on the Rel-17 eIIoT WI design of PUCCH intra-slot repetition for the single TRP case. In addition, in RAN1#104-e discussions, a majority of companies showed preference towards scheme 3 compared to scheme 2. Furthermore, specifying scheme 3 would require large specifications effort especially considering the required switching gap(s).
Some performance evaluation comparing scheme 2 and scheme 3 are provided in Figure 2 and 3; the main adopted simulation assumptions are given in the Appendix. In the simulations, we consider PUCCH format 3 with payload sizes 11/22 bits and 8 or 4 symbols. For payload size 11 bits, the results in Figure 2 show that scheme 2 and scheme 3 basically have the same performance regarding to BLER, which is expected because in format 3 with small payload (< 12 bits), scheme 2 is essentially repetitions of the Reed-Muller coded bits after rate matching. For payload size of 22 bits, the results in Figure 3 show that scheme 2 has a rather small coding gain compared to scheme 3 over different pathloss differences between the TRPs. Overall, from the analysis and simulation results, it’s clear that scheme 2 and scheme 3 offer similar performance from reliability perspective.
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Figure 2: PUCCH format 3 with 11 bits, 0dB pathloss difference between the two TRPs.
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Figure 3: PUCCH format 3 with 22 bits, 0/3/6dB pathloss difference between the two TRPs.

Based on the above discussions and observations, we propose: 
Proposal 10: Do not consider further the multi-TRP intra-slot PUCCH beam hopping scheme. 

2.2.1.2   Switching between multi-TRP PUCCH schemes
An additional aspect not yet discussed regarding the multi-TRP PUCCH schemes is how to enable the UE to determine which scheme should be used for a given UCI transmission using multi-TRP operation. Obviously, having a single multi-TRP PUCCH scheme configured at a time via higher layers is not good, as it’s important for the network to be able to somewhat dynamically switch between the different multi-TRP PUCCH schemes mainly to accommodate e.g. different latency and/or reliability requirements.

Proposal 11: Support dynamic switching between the different multi-TRP PUCCH schemes.

2.2.2	Impact of switching gaps on multi-TRP PUCCH operation
[bookmark: _Hlk67762275]2.2.2.1   Discussion on RAN4’s reply
In RAN1#103-e, there was one FFS point regarding the applicability of the mapping patterns for different beam switching / power control parameter set switching gaps. In this regard, an LS (R1-2009807) has been sent to RAN4 to get some clarifications on the requirements for beam / power control switching gaps for multi-TRP UL repetition/transmission. Specifically, one main question in this LS is on the ranges of the transient period(s) between two PUCCH/PUSCH TDMed repetitions (with different UL beams and/or power control parameters sets).

[bookmark: _Hlk67760581]In RAN4’s reply R4-2103290 to the LS, RAN4 indicates the following answer for Question 1: 

“For FR2, RAN4 observes that the ranges of transient period(s) between two PUCCH/PUSCH TDMed repetitions with different UL beams depends on different scenarios.
· If the spatial filter to transmit the beam is known, beams are switched within same panel and UL timing is the same for different UL beams, the transient period is 5us as defined in the RAN4 spec. 
· RAN4 needs more discussion to conclude the transient period for cases with cross panel beam switch and/or if the spatial filter to transmit the beam is unknown and/or UL timing is different between different UL beams.
For FR1, the transient period(s) between two PUCCH/PUSCH TDMed repetitions ranges from 10us to 15us depending on whether the switch from one transmission to the next is from the same antenna port or different”

[bookmark: _Hlk67760656][bookmark: _Hlk67760595]For FR2, a transient period of 5us requires one OFDM symbol as a switching gap, as this period is less than an OFDM symbol duration for the SCS values applied in FR2. And this is at least for the case where the UL beams are switched within a same panel. Also, for FR1, a transient period of 10us to 15us requires less than one OFDM symbol as a switching gap, as this period is less than an OFDM symbol duration for the SCS values in FR1. Hence, a switching gap of at least one symbol would be required for FR1 and at least some cases of FR2. 

Observation 2: Looking at RAN4’s reply in R4-2103290, a switching gap of (at least) one symbol would be required for FR1 as well as for FR2 at least in the case where the UL beams are switched within a same panel.

Proposal 12: For multi-TRP PUCCH schemes, RAN1 shall consider one symbol switching gap for beam switching /power control parameter switching for FR2 at least in the case where the UL beams are switched within a same panel as well as for FR1. 

RAN4 will be considering the case of multi-panel UE as indicated by RAN1 LS, and most probably end-up providing multiple values for possible transient period(s), especially if both panels are not active at a given time. If multiple values are provided for transient period(s), RAN1 shall further consider whether one symbol switching gap is sufficient or not. In most cases, it may end-up having multiple switching gaps which may be UL beam dependent as UL panels are not known to the network side. RAN1 shall further consider how to handle such situations. 

Proposal 13: For multi-TRP PUCCH schemes, if more than one switching gap for beam switching /power control parameter switching are required depending on single-panel/multi-panel assumption of the UE, RAN1 shall further consider how to enable common understanding on switching gaps at the network and the UE sides. 

[bookmark: _Hlk67759760]Moreover, based on the RAN4’s reply (for which one part is copied above), in addition to the same panel case and multiple panel case, RAN4 has discussed the cases of “ if the spatial filter to transmit the beam is unknown and/or UL timing is different between different UL beams”. However, RAN4 hasn’t reached any conclusion on these cases yet. 

Even though RAN1 mentioned this case of “unknown”, in our view this is not the most important scenario that RAN4 shall be focused on. We think an LS shall be sent to indicate that the “unknown” case is not interesting for RAN1.The reasons for that are as below, 
· ‘Unknown’ for UL beam is not defined for the UL direction, and it is defined only for a TCI state as in TS 38.133 section 8.10.2. Even when the UE is indicated with single UL beam, it may have an unknown state, but there is no operation defined for that. 

8.10.2		Known conditions for TCI state
The TCI state is known if the following conditions are met:
-	During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target TCI state to the completion of active TCI state switch, where the RS resource for L1-RSRP measurement is the RS in target TCI state or QCLed to the target TCI state
-	TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-	The UE has sent at least 1 L1-RSRP report for the target TCI state before the TCI state switch command
-	The TCI state remains detectable during the TCI state switching period
[bookmark: _Hlk18067072]-	The SSB associated with the TCI state remain detectable during the TCI switching period
-	SNR of the TCI state ≥ -3dB
Otherwise, the TCI state is unknown.

· Given that a PUCCH resource can be associated with two spatial relation info via MAC-CE, and those will be used only when a DCI indicates to transmit with the PUCCH resource, we don’t see the motivation for RAN1 to define a case that first beam is known and the second beam is unknown when discussing switching gaps. The first beam unknown case is not only applicable for M-TRP repetition mode (as mentioned before).  
· The delay associated with the unknown TCI state is significantly large, where beam measurements are carried out again. That is not meaningful for UL switching gap for M-TRP UL transmissions. 

Overall, the discussion on so-called unknown status would be necessary if it was always likely for UEs to be in that status to exploit the functionality. Otherwise, the discussion itself is not necessary in RAN1 at least at this stage. 

Observation 3: The cases where the spatial filter to transmit the beam is unknown and/or UL timing is different between different UL beams may not be of big interest from RAN1 perspective.

Proposal 14: M-TRP UL transmission schemes do not need to consider the case that spatial filter to transmit the beam is "unknown”. 
· Send and updated LS to reduce RAN4 work on this discussion. 


In addition, in RAN1#104-e, the following Working Assumption was made:

	Working assumption
For beam mapping /power control parameter set mapping for PUCCH repetitions,
· For M-TRP PUCCH Scheme 1 in FR1, it is possible to configure either cyclic mapping or sequential mapping of power control parameter sets over PUCCH repetitions (similar to spatial relation info’s over PUCCH repetitions).
· For M-TRP PUCCH Scheme 3, reuse the same methods as Scheme 1 (by replacing slots with sub-slots) for beam mapping or power control resource set mapping to sub-slots.
· This working assumption is also subjected to the RAN4 LS R1-2009807 and confirmed based on the RAN4 reply. 



In RAN4’s reply (R4-2103290) to the LS, for different beam mapping principles (i.e. cyclical and sequential mapping patterns), it’s indicated that “RAN4 foresees more power consumption due to more frequent beam switching events when applying cyclical beam mapping vs sequential beam mapping, however, RAN4 does not see any additional complexity from RAN4 UE RF requirement perspective”. Hence, RAN4 sees no issues in allowing to configure either cyclical or sequential mapping. We thus propose to confirm the above working assumption with some minor changes – where we suggest removing “to sub slots” from the second bullet-point, as it can be misleading given that the mapping would be more to PUCCH repetitions and not really to sub-slots as such.

Proposal 15: Confirm the following Working Assumption:
· For beam mapping /power control parameter set mapping for PUCCH repetitions,
· For M-TRP PUCCH Scheme 1 in FR1, it is possible to configure either cyclic mapping or sequential mapping of power control parameter sets over PUCCH repetitions (similar to spatial relation info’s over PUCCH repetitions).
· For M-TRP PUCCH Scheme 3, reuse the same methods as Scheme 1 (by replacing slots with sub-slots) for beam mapping or power control resource set mapping to sub-slots.

2.2.2.2   PUCCH deferral and switching gaps
In Rel-15 NR, the PUCCH repetition operation (which was designed for the single TRP case) defines a deferral mechanism due to overlap with DL symbols or SS/PBCH block symbols. Specifically, a PUCCH repetition overlapping with DL symbol(s) and/or SS/PBCH block symbols is deferred to the next available UL slot. In Rel-16 NR eURLLC maintenance discussions (R1-2101841), there has been a discussion on PUCCH deferral mainly to clarify whether the first PUCCH repetition can be deferred or not; however, there hasn’t been a conclusion on this point yet. It’s expected that the PUCCH deferral mechanism would also be needed/applicable for the intra-slot/sub-slot PUCCH repetition scheme which is currently under discussion (for the single TRP case) under Rel-17 IIoT AI. For this case, it would be essential to discuss whether deferral is allowed across slots or not, as this may impact the number of transmitted PUCCH repetitions in some cases. 
For the multi-TRP PUCCH schemes, PUCCH deferral would also be applicable for inter-slot PUCCH repetition scheme and intra-slot PUCCH repetition scheme. For such schemes, as previously discussed based on RAN4’ reply (R4-2103290), a switching gap(s) would be required for UL beam switching/power control parameter set switching. One potential way to accommodate a switching gap is by taking this gap into account in the PUCCH deferral mechanism; in addition to DL symbol and SS/PBCH block symbols. Another way to accommodate a switching gap between two PUCCH repetitions is by dropping one of the PUCCH repetitions, but this clearly could negatively impact the reliability performance – which is key in the multi-TRP URLLC discussions. Yet another way to accommodate the switching gap would be to allow omitting symbols from the PUCCH repetitions in order to create such a gap, however this might not be simple to specify. 
Observation 4: For the multi-TRP PUCCH repetition schemes, the PUCCH deferral mechanism would need to take the switching gap(s) into account; in addition to DL symbol and SS/PBCH block symbols.
In addition, for the intra-slot PUCCH repetition scheme, it’s expected that the PUCCH deferral mechanism that will be adopted under IIoT to be adopted for the multi-TRP case – especially whether deferral would be allowed across slots or not. If deferral is not allowed across slots, the total number of PUCCH repetitions may not be achieved.
Based on the above discussions, the following points need to be discussed for the multi-TRP PUCCH schemes:
· How/whether the deferral mechanism should take the switching gap(s) into account. 
· How the deferral mechanism impacts the (configured) UL beam / power control parameter set mapping; if deferral is not allowed across slots for the intra-slot PUCCH repetition scheme, the cases with reduced number of PUCCH repetitions should also be considered.
Proposal 16: For the multi-TRP PUCCH schemes, discuss whether/how the PUCCH deferral mechanism should take the switching gap(s) into account.
Proposal 17: For the multi-TRP PUCCH schemes, discuss how the PUCCH deferral mechanism impacts the UL beam / power control parameter set mapping.
· If deferral is not allowed across slots for the intra-slot PUCCH repetition scheme, the cases with reduced number of PUCCH repetitions should also be considered.


2.2.3 	PUCCH power control enhancements
[bookmark: _Hlk67918888]2.2.3.1   On the support of per-TRP closed-loop power control
On multi-TRP PUCCH power control enhancements, there have been four options on the table regarding the support of per-TRP closed-loop power control, as can be seen in the RAN1#104-e agreement below:
	Agreement
Further study following alternatives to support per TRP closed-loop power control for PUCCH , select  from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.



Looking at the four options listed in the above agreement, the following could be observed:
· Option 1 doesn’t offer any flexibility to separately adapt the TPC command for the different beams/TRPs since a single TPC command is indicated under this option; thus, the same TPC value would be applied for both beams/TRPs.
· The benefits of Option 2, if any, are not clear compared to the other options. 
· Option 3 offers full flexibility since a second TPC field is added to DCI (formats 1_1 and 1_2), allowing to indicate a second TPC value. Hence, two TPC values can be indicated, each of which for a different beam/TRP. 
· For the same TPC command field size (of 2 bits), Option 4 is less flexible than Option 3 since the TPC field would need to be used as a codepoint indicating two TPC values and only four pairs of TPC values could be configured in this case. In addition, for Option 4, the relation between the indication in the TPC field and the corresponding pairs of TPC values would also need to be introduced.  

In addition to the possibility of supporting a single option among the above options, another possibility would be to adopt two (simple) options, i.e. Option 1 and Option 3, where it’s up to the network to configure one of the two options at a time or for a given scenario. Specifically, if it sees a need to have control of the TPC command for each TRP link, the network can configure Option 3, in which case DCI formats 1_1 / 1_2 would contain a second TPC field; otherwise, the network can configure Option 1 in which case DCI formats 1_1 / 1_2 would contain a single TPC field.

Based on the above observations, we propose the following:

Proposal 18: For the indication of two TPC commands via UE-specific PDCCH for multi-TRP PUCCH repetition operation, down-select between the following two ways:
· Support only Option 3, i.e., a second TPC field is added in DCI formats 1_1 / 1_2.
· Support Option 1 and Option 3 where it’s up to the network to decide which option to configure. 


2.2.3.2   PUCCH power control enhancements in FR1
On the support of separate power control for different TRPs for multi-TRP PUCCH schemes in FR1, the following agreement was made in RAN1#104-e:
	Agreement
To support per TRP power control for multi-TRP PUCCH schemes in FR1, 
· Two sets of power control parameters are used, and each set has a dedicated value of p0, pathloss RS ID and a closed-loop index. 
· FFS: details on how a PUCCH resource can be linked to one or both of the two sets of power control parameters.
· FFS: whether PUCCH resource group can be linked to power control parameter sets.



However, typically there is no spatial relation info provided/configured in FR1, and thus it should be discussed how the PUCCH power control would be separately enabled for different TRPs and how the related power control parameters would be provided in this case. It’s worth recalling that, based on the existing specifications (TS 38.213), if the UE is not provided PUCCH spatial relation info, the UE obtains the p0-PUCCH value from the P0-PUCCH with p0-PUCCH-Id value equal to the minimum p0-PUCCH-Id value in p0-Set. And there is a single closedLoopIndex (index 0) in this case.

To enable the support of separate power control for different TRPs for multi-TRP PUCCH schemes in FR1, one FFS item listed in the above agreement is on how to enable the linking of a PUCCH resource to two sets (or subsets) of PUCCH power control parameters – where the set of power control parameters could contain: p0-PUCCH-Id, closedLoopIndex, and pucch-PathlossReferenceRS-Id. Two potential options can be foreseen to enable such linking:
· One option would be to have the linking done via (new) MAC CE, where this MAC CE indicates/activates for a PUCCH resource (up to) two sets of power control parameters from a list of configured sets via RRC. 
· Another option would be to have the linking done only via RRC, meaning that a PUCCH resource is linked to up to two sets of power control parameters via RRC. 
Both options could work, and when indicated the PUCCH resource, the UE is aware of the sets of power control parameters to use. Obviously, the use of MAC CE allows a more dynamic change/adaptation of the association between a PUCCH resource and power control parameters sets, and hence this option is preferable compared to the RRC-only option.

It can be noticed that the above MAC CE based option/operation is similar to the agreed operation for multi-TRP PUCCH in FR2 where a MAC CE is used to indicate/activate for a PUCCH resource (up to) two spatial relation infos. In that sense, similar MAC CE design could be used for both FR1 and FR2. In RAN1#104-e, some companies have proposed to still provide/configure the UE with spatial relation info even in FR1 where ‘referenceSignal’ in PUCCH-SpatialRelationInfo is configured with a “null” value, and the MAC CE still indicates (up to) two spatial relation infos. In our view, this may not be a good way forward from specifications perspective, especially that spatial relation info is more specific for FR2. And with such an approach, for some specification instances mentioning about spatial relation info, there would be a need to update the specification in order to clarify which case the spatial relation info corresponds to, i.e. the case where ‘referenceSignal’ is set to “null” (i.e. FR1) or the case where ‘referenceSignal’ is not set to “null” (i.e. FR2). On the other hand, using e.g. ‘set of PUCCH power control parameters’ for FR1 seems to be a cleaner way as this is not tied to having a spatial relation provided/configured. 
Therefore, it would be (slightly) preferable to rely on a new MAC CE to enable the linking of a PUCCH resource and power control parameter sets, where similar MAC CE design could be used as the design of the MAC CE that would be used for multi-TRP PUCCH in FR2 to indicate for a PUCCH resource (up to) two spatial relation infos.

Proposal 19: To enable the support of separate power control for different TRPs for multi-TRP PUCCH schemes in FR1, two sets of PUCCH power control parameters, from a list of RRC-configured sets, can be indicated/activated for a PUCCH resource via a new MAC CE.
· FFS other indication and configuration details, if any.

2.2.3.3   Pathlosses determination when UE is not provided pathloss reference RSs
The pathloss reference RS (reference signal), i.e. pathlossReferenceRS, is used to calculate the pathloss value for PUCCH power control – as described in TS 38.213. When the UE is not provided pathlossReferenceRSs, the existing procedures allow the UE to determine a single RS resource to be used for the calculation of pathloss value for PUCCH power control, where this is designed for the single TRP case. 

Considering the support of multi-TRP PUCCH repetition/transmission in Rel-17 feMIMO, where there would be two TRPs towards which the UE is repeating/transmitting the PUCCH, determining a single RS resource is not sufficient anymore to support separate power control. Specifically, if not provided pathlossReferenceRSs, the UE would need to determine two RS resources to be used for the calculation of two pathloss values to accommodate the presence of two different TRPs/links that could have a significant difference in their respective pathloss. 

Based on the above observations, it should be defined how to enable the UE, in case not provided pathlossReferenceRSs, to determine two RS resources for the calculation of two different pathloss values for multi-TRP PUCCH schemes. In our view, such determination would depend on the TRP scheme in downlink (e.g. multi-TRP or single-TRP) and would be based on TCI state or QCL assumption of at least one CORESET and/or TCI states of PDSCH.

Proposal 20: For multi-TRP PUCCH schemes, if the UE is not provided pathlossReferenceRSs, 
define how to enable the UE to determine two RS resources needed to calculate two pathloss values for PUCCH power control considering different aspects/parameters such as the single/multi-TRP scheme used in downlink.

2.3 	PUSCH enhancements with multi-TRP
2.3.1 	SRIs and TPMIs indications, switching between M-TRP and S-TRP, and switching TRP(s) order
In RAN1#104-e, for multi-TRP PUSCH repetition operation, there have been extensive discussions on the indication of two SRIs and two TPMIs, how to support dynamic switching by using these fields, and whether/how to support dynamic switching of the TRPs order. In that regard, the following was agreed for codebook-based and non-codebook-based modes: 
	Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH, 
· Support two SRI fields corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the SRI field based on Rel-15/16 framework
· Support dynamic switching between multi-TRP and single-TRP operation 
· FFS: Support dynamic switching the order of two TRPs



	Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH,
· Two TPMI fields are indicated in DCI formats 0_1/0_2.
· The first TPMI field uses the Rel-15/16 TPMI field design (which includes TPMI index and the number of layers) of DCI format 0_1/0_2. The second TPMI field only containsindicates the second TPMI index. The same number of layers are applied as indicated in the first TPMI field.
· FFS: Details of second TPMI field interpretation including changes expected in Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in 38.212
· FFS: Interpreting TPMI fields when multi-TRP and single-TRP PUSCH repetition is applied.
· FFS: whether to support of PUSCH repetitions transmitting towards two TRPs sharing the same TPMI indicated by a TPMI field.
· FFS: The size of the second TPMI field can be equal to or smaller than the size of the first TPMI field



	Agreement
For single DCI based M-TRP PUSCH repetition schemes, in non-codebook based PUSCH, 
· Support two SRI field(s) corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the first SRI field based on Rel-15/16 framework, 
· Support the same number of layers applied over repetitions
· FFS: details of second SRI field including the specification change for Table 7.3.1.1.2-28/29/30/31 in 38.212.
· Support dynamic switching between multi-TRP and single-TRP operation
· FFS: whether/how to use SRI field(s) and additional details of SRI field(s) interpretations
· FFS: Minimizing the DCI overhead for PUSCH repetition Type A as a result of number of layers being limited to 1 when more than one repetition is scheduled.
· FFS: Support dynamic switching the order of two TRPs
· Companies are encouraged to provide total payload size of the two SRI fields and scheduling restriction, if any



Before discussing the remaining details of the design for the SRI fields and TPMI fields, it should be first discussed and concluded whether to support the dynamic switching of the order of the two TRPs or not, as this may potentially impact at least one of these fields. Overall, supporting such switching provides dynamic control for the network on whether the multi-TRP PUSCH repetitions should start with a repetition(s) towards the first TRP or the second TRP. And this could result in reducing the latency as one of the two TRPs may not be available for the reception of this first PUSCH repetition(s). To enable the switching, either DCI or MAC CE could be used, where the DCI-based approach clearly provides more dynamic control compared to the MAC CE based approach. In addition, this operation can be potentially also used/leveraged as a way for TRP selection in case of single-TRP PUSCH operation.
Proposal 21: For multi-TRP PUSCH repetition operation, support dynamic switching of the order of the two TRPs.
· Note: This can be potentially also used as a way for TRP selection in case of single-TRP PUSCH operation. 

On the dynamic switching between multi-TRP PUSCH operation and single-TRP PUSCH operation, which was agreed in RAN1#104-e as can be seen from the agreements copied above, a unified and simple approach for both codebook-based and non-codebook-based modes would be preferable.

It should be noted that the dynamic switching between multi-TRP PUSCH operation and single-TRP PUSCH operation requires one bit (or two entries) which can use reserved entries (if any). Also, the support of dynamic switching of the order of the two TRPs, if agreed and enabled via DCI, requires extra bit (at least two entries). As previously indicated, this one bit, or two entries, can also be used in the single-TRP case for TRP selection, i.e. selection between TRP0 and TRP1.

In the following, we provide an analysis and discussion on the required number of bits to enable the dynamic switching between multi-TRP PUSCH and single-TRP PUSCH with/without the dynamic switching of the order of the two TRPs considering mainly (i) two approaches for codebook-based mode, namely SRI-based approach and TPMI-based approach, exploiting the reserved entries whenever possible, and (ii) SRI-based approach for non-codebook-based mode, exploiting the reserved entries whenever possible. Specifically, SRI-based approach relies on existing SRI reserved entries with (or even without) new entries / bits. And the TPMI-based approach relies on existing TPMI reserved entries with (or even without) new entries / bits. Obviously, for the codebook-based mode, one could also consider an approach consisting of a combination of the SRI-based and the TPMI-based approaches.
Based on this analysis (for which the details are provided below), the following can be observed:
· For the codebook-based mode: Similar to the SRI-based approach (see Table 1), the TPMI-based approach requires two bits to enable both switching features for several of the cases listed in Table 2. 
· For the non-codebook-based mode: The SRI-based approach requires two bits to enable both switching features for several of the cases listed in Table 3.

Given that there is no big difference between the TPMI-based approach and the SRI-based approach, and since a unified approach where SRI is used for both codebook-based mode and non-codebook-based mode would be preferable, one possibility is to adopt the SRI-based approach. For the codebook-based mode, another possibility is to adopt a mixed approach where both TPMI and SRI are used for enabling the switching features, by essentially leveraging the SRI and TPMI reserved entries and/or adding new entries/bits. However, such an (mixed) approach seems to require more specifications efforts compared to other approaches. Note that for the various approaches, in the cases where additional bits/entries would be required, it’s also possible to not support the (dynamic) switching operation(s) at least for some of these cases; this allows reducing the DCI overhead. Based on all the above, we propose:

Proposal 22: For multi-TRP PUSCH repetition operation under the codebook-based mode, to enable the support of 1) dynamic switching between multi-TRP/single-TRP and 2) dynamic switching of the order of the two TRPs, down-select between the following ways:
· Option 1: Support the SRI-based approach which relies on existing SRI reserved entries with or without new entries / bits.
· Option 2: Support the TPMI-based approach which relies on existing TPMI reserved entries with or without new entries / bits.
· Option 3: Support a combination of the SRI-based approach and the TPMI-based approach.

Proposal 23: For multi-TRP PUSCH repetition operation under the non-codebook-based mode, to enable the support of 1) dynamic switching between multi-TRP/single-TRP and 2) dynamic switching of the order of the two TRPs, 
· Support the SRI-based approach which relies on existing SRI reserved entries with or without new entries / bits.

Detailed discussion and analysis: codebook-based mode

To enable the switching between multi-TRP PUSCH operation and single-TRP PUSCH operation, with or without the support of dynamic switching via DCI of the order of the two TRPs, at least one of the SRI fields or at least one of the TPMI fields can be used. Hence, if an additional one or two bits are required to enable the switching operation(s), these one or two bits could be either added to an SRI field or TPMI field. It should be noted that using the SRI field(s) may not be in line with the agreement (copied above) made in RAN1#104e where it’s assumed that, for codebook-based mode, “Each SRI field indicating SRI per TRP, where the SRI field based on Rel-15/16 framework”. Thus, if the SRI based approach is adopted, this would require revisiting/updating this agreement. Obviously, one alternative would be to introduce a (new) field in the DCI dedicated for these one or two bits that would be required to enable the switching operation(s); or even to leverage some (other) existing DCI fields.

In the following, we consider that the SRI(s) indication in DCI is exploited to enable the switching between multi-TRP PUSCH operation and single-TRP PUSCH operation, and to enable the dynamic switching via DCI of the order of the two TRPs (if supported). Under this assumption, we consider the ‘SRI indication’ tables in TS 38.212, for codebook-based mode, and examine how many additional bits would be required to enable these switching features; see Table 1. In addition, the following is assumed and noted:
· We assume the same number of SRS resources in each of the two SRS resource sets.
· [bookmark: _Hlk68260543]Although we show that the additional required bits, if any, are added to the second SRI field, another possibility is to use a (new) dedicated field to carry these bits (in which case the SRI fields are not touched).    
· Note that the same number of bits is needed to indicate each of the two SRIs before considering the additional required bits (if any).

Table 1: Number of bits required for SRI fields in codebook-based UL mode
	
	First SRI (based on the existing design)
	First SRI, Second SRI,
Switching between M-TRP and S-TRP (1 bit, if required)
	First SRI, Second SRI,
Switching between M-TRP and S-TRP (1 bit) & Switching TRP order (1 bit)

	 
	0 bits
	0 bits, 0 bits, +1 bit 
	0 bits, 0 bits, +(1+1) bits

	Table 7.3.1.1.2-32
()
	1 bit
	1 bit, 1 bit, +1 bits
	1 bit, 1 bit, +(1+1) bits 

	Table 7.3.1.1.2-32A
()
	2 bits 
(one reserved entry)
	2 bits, 2 bits
	2 bits, 2 bits, +1 bits 

	Table 7.3.1.1.2-32B
()
	2 bits
	2 bits, 2 bits, +1 bits 
	2 bits, 2 bits, +(1+1) bits 



From the above table, it can be seen that, using the SRI field(s) in codebook-based mode, up to 1 bit (marked in red) would be required to enable the dynamic switching between multi-TRP PUSCH operation and single-TRP PUSCH operation. And an additional 1 bit (marked in green) is required to enable the dynamic switching (via DCI) of the order of the two TRPs. It’s worth noting that for Table 7.3.1.1.2-32A (), there is one reserved entry for each SRI, which can be used for the switching between single-TRP operation (where one SRI points to the reserved entry) and multi-TRP operation (where both SRIs point to valid entries); alternatively, one bit could be added e.g. in one of the SRI fields in order to enable the switching between multi-TRP PUSCH and single-TRP PUSCH. It should be also noted that, for the case with a single SRS resource in a set, there is no SRI field configured in DCI. So, the additional bit(s) for switching, would require configuring the SRI field, or a new field, still to enable the switching. Another possibility would be to not support the switching feature(s) in this case.

Observation 5: For codebook-based mode, to enable dynamic switching between multi-TRP/single-TRP modes considering the SRI fields, 
· For 3 out of 4 cases of , extra one bit would be needed, while the other case can use existing SRI reserved entries.

Observation 6: For codebook-based mode, to change the order of the two TRPs in addition to dynamic switch of multi-TRP/single-TRP modes considering the SRI fields, 
· For all cases of , additional bit (other than the required bit for dynamic switching between multi-TRP/single-TRP modes) would be needed.

In the following, we consider that the TPMI(s) indication in DCI is exploited to enable the switching between multi-TRP PUSCH operation and single-TRP PUSCH operation, and to enable the dynamic switching via DCI of the order of the two TRPs (if agreed). Under this assumption, we consider the ‘Precoding information and number of layers’ tables in TS 38.212 and examine how many additional bits would be required to enable these switching features (see Table 2); for simplicity, we denote the ‘Precoding information and number of layers’ field as TPMI field. In addition, the following is assumed and noted:
· We assume that the additional required bit(s), if any, is added to the second TPMI field. Note that, it was agreed in RAN1#104-e that the first TPMI field uses the Rel-15/16 TPMI field design (which includes TPMI index and the number of layers), and the second TPMI field only contains the second TPMI index; the same number of layers are applied as indicated in the first TPMI field. 
· Although we show that the additional required bits, if any, are added to the second TPMI field, another possibility would be to use a (new) dedicated field to carry these bits.
· In the table below, F-P-NC, P-NC, and NC are used to denote fullyAndPartialAndNonCoherent, partialAndNonCoherent, and noncoherent, respectively.

Table 2: Number of bits required for TPMI fields in codebook-based UL mode
	
	
	First TPMI (based on the existing design)
	Second TPMI 
	First TPMI, Second TPMI +
Switching between M-TRP and S-TRP (1 bit, if required)
	First TPMI, Second TPMI +
Switching between M-TRP and S-TRP (1 bit) & Switching TRP order (1 bit)

	[bookmark: _Hlk67819791]Table 7.3.1.1.2-2
	F-P-NC
	6 bits
(2 reserved entries)
	5 bits
	6, 5

	6, 5+1

	
	P-NC
	5 bits
(0 reserved entries)
	4 bits
	5, 4+1

	5, 4+1+1

	
	NC
	4 bits
(4 reserved entries)
	3 bits
	4, 3
	4, 3

	Table 7.3.1.1.2-2A
	P-NC
	5 bits
(2 reserved entries)
	4 bits
	5, 4

	5, 4+1

	
	NC
	4 bits
(4 reserved entries)
	3 bits
	4, 3

	4, 3

	Table 7.3.1.1.2-2B
	P-NC
	6 bits 
(> 4 reserved entries)
	4 bits
	6, 4

	6, 4

	
	NC
	4 bits 
(1 reserved entry)
	3 bits
	4, 3+1

	4, 3+1+1

	Table 7.3.1.1.2-3
	F-P-NC
	5 bits 
(4 reserved entries)
	5 bits
	5, 5

	5, 5

	
	P-NC
	4 bits 
(4 reserved entries)
	4 bits
	4, 4

	4, 4

	
	NC
	2 bits 
(0 reserved entries)
	2 bits
	2, 2+1

	2, 2+1+1

	Table 7.3.1.1.2-3A
	P-NC
	4 bits 
(0 reserved entries)
	4 bits
	4, 3+1

	4, 3+1+1

	
	NC
	3 bits 
(3 reserved entries)
	3 bits
	3, 3

	3, 3+1

	Table 7.3.1.1.2-4
	F-P-NC
	4 bits 
(> 4 reserved entries)
	3 bits
	4, 3
	4, 3

	
	NC
	2 bits 
(1 reserved entry)
	2 bits
	2, 2+1

	2, 2+1+1

	Table 7.3.1.1.2-4A
	NC
	2 bits 
(0 reserved entries)
	2 bits
	2, 2+1

	2, 2+1+1

	Table 7.3.1.1.2-5
	F-P-NC
	3 bits 
(2 reserved entries)
	3 bits
	3, 3

	3, 3+1

	
	NC
	1 bit 
(0 reserved entries)
	1 bit
	1, 1+1

	1, 1+1+1

	Table 7.3.1.1.2-5A
	NC
	2 bits 
(1 reserved entry)
	2 bits
	2, 1+1

	2, 1+1+1



From the above table, it can be seen that, using the TPMI indication, there are cases where 1 bit (marked in red) would be required to enable the dynamic switching between multi-TRP PUSCH operation and single-TRP PUSCH operation. And there are cases where an additional 1 bit (marked in green) is required to additionally enable the dynamic switching (via DCI) of the order of the two TRPs. On the other hand, there are some other cases where the existing at least 2 reserved entries can be used in order to enable dynamic switching between multi-TRP PUSCH and single-TRP, thus no (new) bit is required to enable this switching. And for the cases where there are at least 4 reserved entries, both the dynamic switching between multi-TRP PUSCH and single-TRP PUSCH and the dynamic switching via DCI of the order of the two TRPs can be enabled by 4 reserved entries without the need for any additional bits.

Observation 7: For codebook-based mode, to enable dynamic switching between multi-TRP/single-TRP modes considering the TPMI fields, 
· For 8 out of 18 cases, extra one bit would be needed, while 10 other cases can use TPMI reserved entries. 

Observation 8: For codebook-based mode, to change the order of the two TRPs in addition to dynamic switch of multi-TRP/single-TRP modes considering the TPMI fields, 	
· For 12 out of 18 cases, additional bit (other than the required bit for dynamic switching between multi-TRP/single-TRP modes) would be needed, while 6 other cases can use TPMI reserved entries. 

Detailed discussion and analysis: non-codebook-based mode 

In the following, we consider that the SRI(s) indication in DCI is exploited to enable the switching between multi-TRP PUSCH operation and single-TRP PUSCH operation, and to enable the dynamic switching via DCI of the order of the two TRPs (if agreed). Under this assumption, we consider the ‘SRI indication’ tables in TS 38.212, for non-codebook-based mode, and examine how many additional bits would be required to enable these switching features; see Table 3. In addition, the following is assumed and noted:
· We assume the same number of SRS resources in each SRS resource set, and that the additional required bit(s), if any, is added to the first SRI field.
· Although we show that the additional required bits, if any, are added to the second SRI field, another possibility would be to use a (new) dedicated field to carry these bits.
· Note that, in this case, different number of bits may be needed to indicate each of the two SRIs (even before considering the additional required bits if any), as we consider that only the first SRI field indicates the number of layers.

Table 3: Number of bits required for SRI fields in non-codebook-based UL mode
	
	
	First SRI (based on the existing design)
	Second SRI
	First SRI, Second SRI + 
Switching between M-TRP and S-TRP (1 bit, if required)
	First SRI, Second SRI +
Switching between M-TRP and S-TRP (1 bit) & Switching TRP order (1 bit)

	 Table 7.3.1.1.2-28
()
	
	1 bit
(0 reserved entries)
	1 bit
	1, 1+1
	1, 1+1+1

	
	
	2 bits
(1 reserved entry)
	2 bits
	2, 2+1
	2, 2+1+1

	
	
	2 bits
(0 reserved entries)
	2 bits
	2, 2+1
	2, 2+1+1

	Table 7.3.1.1.2-29
()
	
	2 bits
(1 reserved entry)
	1 bit
	2, 1+1
	2, 1+1+1

	
	
	3 bits
(2 reserved entries)
	2 bits
	3, 2
	3, 2+1

	
	
	4 bits
(> 4 reserved entries)
	3 bits
	4, 3
	4, 3

	Table 7.3.1.1.2-30
()
	
	2 bits
(1 reserved entry)
	1 bit
	2, 1+1
	2, 1+1+1

	
	
	3 bits
(1 reserved entry)
	2 bits
	3, 2+1
	3, 2+1+1

	
	
	4 bits
(2 reserved entries)
	3 bits
	4, 3
	4, 3+1

	Table 7.3.1.1.2-31
()
	
	2 bits
(1 reserved entry)
	1 bit
	2, 1+1
	2, 1+1+1

	
	
	3 bits
(1 reserved entry)
	2 bits
	3, 2+1
	3, 2+1+1

	
	
	4 bits
(1 reserved entry)
	3 bits
	4, 3+1
	4, 3+1+1



From the above table, it can be seen that, using the SRI indication, there are cases where 1 bit (marked in red) would be required to enable the dynamic switching between multi-TRP PUSCH operation and single-TRP PUSCH operation. And there are cases where an additional 1 bit (marked in green) is also required to enable the dynamic switching (via DCI) of the order of the two TRPs. On the other hand, there are some other cases where the existing at least 2 reserved entries can be used in order to enable dynamic switching between multi-TRP PUSCH and single-TRP, thus no (new) bit is required to enable this switching. And for the case where there are at least 4 reserved entries, both the dynamic switching between multi-TRP PUSCH operation and single-TRP PUSCH and the dynamic switching via DCI of the order of the two TRPs can be enabled using the 4 reserved entries (without the need for any additional bits).

Observation 9: For non-codebook-based mode, to enable dynamic switching between multi-TRP/single-TRP modes considering the SRI fields, 
· For 9 out of 12 cases, extra one bit would be needed, while 3 other cases can use SRI reserved entries.

Observation 10: For non-codebook-based mode, to change the order of the two TRPs in addition to dynamic switch of multi-TRP/single-TRP modes considering the SRI fields, 
· For 11 out of 12 cases, one additional bit (other than the required bit for dynamic switching between multi-TRP/single-TRP modes) is needed while the other case can use SRI reserved entries. 

2.3.2 	Multi-TRP PUSCH power control
2.3.2.1   On the support of per-TRP closed-loop power control
For multi-TRP PUSCH power control, in a similar way to multi-TRP PUCCH, the following options have been discussed:
	Agreement
Further study following alternatives to support per TRP closed-loop power control for PUSCH , select from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams
· Option.2: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot.
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 0_1 / 0_2.
· Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.



The above agreement and options are similar to the ones for multi-TRP PUCCH power, and similar discussions and observations on the different options as for PUCCH could also be provided here. In short, compared to other options, Option 3 offers full flexibility since a second TPC field is added to DCI (formats 0_1 and 0_2), allowing to indicate a second TPC value; and having such flexibility is preferable to allow separately adapting the TPC command for the different beams/TRPs. Another possibility would be to adopt two (simple) options, i.e. Option 1 and Option 3, where it’s up to the network to configure one of the two options at a time or for a given scenario. We thus propose: 

Proposal 24: For the indication of two TPC commands via UE-specific PDCCH for multi-TRP PUSCH repetition operation, down-select between the following two ways:
· Support only Option 3, i.e., a second TPC field is added in DCI formats 0_1 / 0_2.
· Support Option 1 and Option 3 where it’s up to the network to decide which option to configure. 

2.3.2.2   Other PUSCH power control enhancements
[bookmark: _Hlk68269834]In RAN1#104-e, the following agreement was made regarding the support of two power control parameter sets for multi-TRP PUSCH repetition operation.
	Agreement
For single-DCI based M-TRP PUSCH repetition schemes, up to two power control parameter sets (using SRI-PUSCH-PowerControl) can be applied when SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2. 
· FFS1: Details on linking SRI fields to two power control parameters, 
· Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· [bookmark: _Hlk67928914][bookmark: _Hlk67918533]Alt. 2: Add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID
· Alt. 3: Let RAN2 handle this
· Alt.4: Add second sri-PUSCH-PathlossReferenceRS-Id/sri-P0-PUSCH-AlphaSetId/sri-PUSCH-ClosedLoopIndex in SRI-PUSCH-PowerControl.
· FFS2: Enhancements on open-loop power control parameter set indication
· FFS3: Consideration on srs-PowerControlAdjustmentStates
· FFS4: Impact of multi-TRP PUSCH repetition on PHR reporting
· FFS5: Enhancement on power control parameters per TRP when SRI(s) indication of two SRS resource sets is absent.



On the FFS1 point in the above agreement, regarding the details of linking SRI fields to two power control parameters, we don’t see big differences between the various alternatives, and think that Alt.2 can be adopted/supported, at least from RAN1 perspective. In other words, SRS resource set ID is added in SRI-PUSCH-PowerControl, and SRI-PUSCH-PowerControl is selected from sri-PUSCH-MappingToAddModList considering the SRS resource set ID.
Proposal 25: For the linking of SRI fields to power control parameters for multi-TRP PUSCH operation, adopt Alt.2 i.e. add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID
On the FFS2 point, regarding the enhancements on open-loop power control parameter set indication, in our view it’s not really important/critical to support such an enhancement (which is to be seen more as an optimization) where basically two open-loop power control parameter sets are indicated, each of which corresponding to a different beam/TRP. In fact, the dynamic indication (via DCI) of such a set was agreed in Rel-16 NR, under IIoT/eURLLC, for the inter-UE multiplexing topic where the main intention is e.g. to dynamically boost (by changing P0) the power for a UE with URLLC PUSCH transmission that overlaps with eMBB transmissions/resources. However, with the multi-TRP PUSCH repetition operation, the diversity created by having multiple PUSCH repetitions in time and towards different TRPs seems to be enough to guarantee the URLLC satisfaction ratio (i.e. latency and reliability), without the need to have a dynamic indication of different P0s each of which for a different TRP.
Proposal 26: Do not consider enhancements on open-loop power control parameter set indication for multi-TRP PUSCH repetition operation.
On the FFS4 point, which is on the impact of multi-TRP PUSCH repetition on PHR reporting, it would be good to first clarify whether the intention is to keep only one PHR triggering in a cell or not. Assuming the case with a single PHR triggering per cell (which is essentially based on the existing specifications), and since for multi-TRP PUSCH repetition operation the UE is provided with two sets of power control parameters (including two pathloss reference RSs), it’s important to have a common understanding between the UE and gNB regarding which set of power control parameters the UE should consider for the PHR triggering and reporting. In that regard, two main approaches can be foreseen: either the gNB indicates the UE which set of power control to consider or the UE selects the set based on some predefined method.
Proposal 27: For multi-TRP PUSCH repetition operation where two sets of power control parameters are provided, assuming a single PHR triggering and reporting in a cell, down-select between the following ways for the UE to selects which set to consider for the PHR triggering and reporting: 
· UE selects the set based on a predefined method. 
· gNB indicates which set the UE should consider.

2.3.3	Impact of switching gaps on multi-TRP PUSCH repetition 
2.3.3.1   Discussion on RAN4’s reply
First, it should be noted that the observations made for the multi-TRP PUCCH part regarding the RAN4’s reply R4-2103290 to the LS (R1-2009807) on the applicability of the mapping patterns for different beam switching / power control parameter set switching gaps also hold here. Specifically, looking at RAN4’s reply, a switching gap of (at least) one symbol would be required for FR1 as well as for FR2 at least in case where the UL beams are switched withing a same panel.

Proposal 28: For multi-TRP PUSCH repetition operation, for beam switching / power control parameter set switching gap, RAN1 considers that at least one symbol is required as a switching gap.

In this section, we also discuss how to account for switching gaps for multi-TRP PUSCH repetition operation, considering that a switching gap(s) of at least one symbols would be required. The discussion is mainly for PUSCH repetition Type B as for this type of repetition there could be multiple actual/nominal PUSCH repetitions in the same slot, where e.g. two consecutive actual PUSCH repetitions could be mapped to different SRIs/beams. On the other hand, the PUSCH repetition Type A consists of inter-slot repetitions, hence there may be enough gaps to accommodate the switching and there may not be a need to insert an additional gap(s) – at least in most of the cases.  
 
For PUSCH repetition Type B, some of the actual PUSCH repetitions may be consecutive with zero time-gap in-between. Moreover, there are other actual repetitions where there may be time-gap in-between resulting essentially from PUSCH segmentation around semi-static DL symbols and invalid UL symbols (if feasible) and at the slot boundary. Considering the support of spatial diversity (with two UL beams/SRIs) for PUSCH, there will be cases where two consecutive PUSCH repetitions are associated with different UL beams/SRIs. However, depending on the PUSCH allocation, the beam mapping to PUSCH repetitions, and the time needed to switch from one beam to another, there will be cases where the time gap between two repetitions is not enough for UL beam switching.

The issue described above is due to the fact that, the time allocation of the existing PUSCH repetition operation(s), particularly PUSCH repetition Type B, does not account for beam switching gaps/delays. However, this issue needs to be addressed in order to enable PUSCH repetition along with beam diversity. In this regard, two potential approaches are foreseen: 
· One approach would be to configure or define the UE behavior that allows updating (actual) PUSCH repetitions by e.g. muting some symbols if needed so that the required switching gap(s) is created to allow for beam/SRI switching. With such an approach, it should be discussed, for two consecutive PUSCH repetitions mapped to different SRIs where a switching gap is required, how to define the muting operation; specifically, one aspect is whether to mute symbols from one repetition or both repetitions, etc.  
· Another approach would be, for two consecutive PUSCH repetitions mapped to different SRIs where a switching gap is required, to consider (always) dropping one PUSCH repetition. This approach is clearly far from optimal, especially that it impacts the multi-TRP PUSCH operation reliability.    

Obviously, the above discussion assumes that the UE and the network have a common understanding regarding the time gap/offset needed to switch from one UL beam / SRI to another. Such information could be signaled from the UE to the network, i.e. UE provides the network with its beam switching capability. 
Based on the above observations, it should thus be discussed how to account for switching gaps, including the required configuration details and UE behavior, for the multi-TRP PUSCH repetition operation.

Proposal 29: For the multi-TRP PUSCH repetition operation, RAN1 to specify the details of accounting for switching gap(s) by considering discarding symbols from at least one PUSCH repetition of any two consecutive PUSCH repetition associated with different TRPs where there is a need to create such a gap.
· FFS: details on the required configuration and UE behavior. 

2.3.3.2   Beam mapping pattern indication
For multi-TRP PUSCH enhancements, the beam mapping aspect has been discussed and the following working assumption was made in RAN1#103-e:

	Working Assumption
For single DCI based M-TRP PUSCH repetition Type A and B, it is possible to configure either cyclic mapping or sequential mapping of UL beams.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· FFS: Support of half-half mapping. 
· FFS: Additional considerations on mapping patterns (including required beam switching gaps) 
Companies are encouraged to provide further simulation results to decide details.   



Similar to PUCCH discussion, in RAN4’s reply (R4-2103290) to the LS, for different beam mapping principles (i.e. cyclical and sequential mapping patterns), it’s indicated that “RAN4 foresees more power consumption due to more frequent beam switching events when applying cyclical beam mapping vs sequential beam mapping, however, RAN4 does not see any additional complexity from RAN4 UE RF requirement perspective”. Hence, RAN4 sees no issues in allowing to configure either cyclical or sequential mapping. We thus propose to confirm the above working assumption. 

Proposal 30: Confirm the following Working Assumption:
For single DCI based M-TRP PUSCH repetition Type A and B, it is possible to configure either cyclic mapping or sequential mapping of UL beams.

Although the above working assumption might allude to configuring a single beam mapping pattern at a time regardless of the PUSCH resource allocation, in our view the network must account for the number of PUSCH repetitions and resource allocation when selecting the beam mapping pattern. This is particularly relevant when considering PUSCH repetition Type B since, in contrast to PUSCH repetition Type A (i.e. Rel-15 inter-slot PUSCH repetition), the corresponding PUSCH time-domain allocation can be flexible. Configuring different mapping patterns for different PUSCH allocations gives the network better flexibility and control of several aspects. Specifically:
· It allows the network to have good control over the number of PUSCH repetitions / which PUSCH repetitions are transmitted towards each TRP. 
· It also gives the network the possibility to choose, depending on the PUSCH allocation, a mapping pattern that leads e.g. to the minimum muting of symbols needed for beam switching gap (if such is eventually needed); otherwise, the PUSCH reliability may be impacted.   

Then, given that more than one mapping pattern would be configured, the network could indicate/select via DCI a mapping pattern that e.g. suits the indicated PUSCH allocation. Regarding this indication, an approach that doesn’t necessarily increase the downlink control overhead would be clearly preferable, where one such an approach would be e.g. to exploit the TDRA field.
 
[bookmark: _Hlk68542541]Proposal 31: For beam mapping pattern for multi-TRP PUSCH repetition, support configuring more than one beam mapping patterns and selecting a pattern via DCI without increasing the downlink control overhead. 
· FFS the details of how to indicate a mapping pattern via DCI. 

2.3.4 	Multi-TRP CG PUSCH enhancements
2.3.4.1   Required changes on configured grant 
In RAN1#104-e, the following agreement was made regarding the multi-TRP CG PUSCH repetition operation:
	Agreement
Support CG PUSCH transmission towards M-TRPs using a single CG configuration. 
· Use same beam mapping principals as dynamic grant PUSCH repetition scheme. 
· FFS: Required changes on CG parameters (ConfiguredGrantConfig) 
· The feature is UE optional



As can be seen from the above agreement, a single CG configuration is supported for the multi-TRP CG PUSCH repetition operation. One FFS point is on the required changes on CG parameters. In that regard, one point that would need to be discussed and concluded is on the RV related operation. Specifically, it should be clarified whether a similar operation to the DG case should also be considered for the CG case or not; we recall that for the DG case, the same RV sequence/pattern (i.e. sequence {0,2,3,1}) is applied separately for different TRPs with a possibility of configuring an offset for the starting RV corresponding to the second SRI (or, equivalently, second TRP). Based on the existing specifications (for the single TRP case), one of the following RV sequences can be configured per CG configuration: {0,0,0,0}, {0,3,0,3}, {0,2,3,1}.

[bookmark: _Hlk68273731]Assuming that also for the multi-TRP CG PUSCH repetition operation one of these sequences can be configured per CG configuration, we foresee two potential options: 
· Option 1: The configured RV sequence is applied separately for PUSCH repetitions using two different SRIs (or, equivalently, towards different TRPs); with (or without) a possibility of configuring an offset for the starting redundancy version corresponding to the second SRI (or, equivalently, second TRP).  
· Option 2: The configured RV sequence is applied across the two TRPs.

Option 1 would be preferable as it seems to offer better flexibility compared to Option 2.

Proposal 32: For the multi-TRP CG PUSCH repetition operation, 
· One of these RV sequences ({0,0,0,0}, {0,3,0,3}, {0,2,3,1}) can be configured. 
· The configured RV sequence is applied separately for PUSCH repetitions using two different SRIs/TRPs with a possibility of configuring an offset for the starting redundancy version corresponding to the second SRI/TRP.

One aspect specific for the CG PUSCH operation is that, the PUSCH occasion where the UE can start the repetition of a transport block depends on:
· (i) the data arrival time and thus the delivery of the transport block from MAC to PHY, and 
· (ii) the RV associated with the PUSCH occasion if RV sequence {0,3,0,3} or {0,2,3,1} is configured. 

Obviously, the data arrival time can lead to a reduced number of PUSCH repetitions as the UE may not be able to start the repetition operation from the first PUSCH occasion of the bundle of CG PUSCH resources. On (ii), for the single TRP case, the existing specifications (TS 38.214) specify that a UE can start the CG repetition operation only at a PUSCH occasion with RV 0. In other words, PUSCH occasions with RVs other than 0 cannot be used to start the repetition operation; if the sequence {0,0,0,0} is configured, the UE can start the repetition operation at any PUSCH occasion. Hence, this can also lead to a reduced number of PUSCH repetitions that can be transmitted, thus impacting the reliability (and potentially also the latency) requirements, especially that RV sequences {0,3,0,3} and {0,2,3,1} are more typical to configure as they are better than the sequence {0,0,0,0} from reliability perspective; note that {0,2,3,1} is better than {0,3,0,3} in that regard.

Adding the multi-TRP aspect, where the configured RV sequence would potentially be applied separately for the PUSCH occasions associated with different TRPs, one can notice that the above issue can be even more problematic, depending e.g. on the beam mapping, the configured RV sequence, and data arrival time. Specifically, there can be cases where in addition to having a reduced number of repetitions due the different aspects explained above, this reduction may be corresponding to one TRP towards which the UE may then have one or zero PUSCH repetitions transmitted. This obviously further increases the negative impact on reliability (and thus potentially on latency), particularly in FR2 where spatial diversity is important to combat blockage. Therefore, it should be discussed how the multi-TRP CG PUSCH repetition can be improved considering mainly the RV operation for the two TRPs, in such a way to improve the reliability performance by essentially enabling enough/more PUSCH occasions that could be used as PUSCH repetitions where these PUSCH occasions should potentially be associated with different TRPs.

Proposal 33: For the multi-TRP CG PUSCH repetition operation, study enhancements on the RV related operation considering the two TRPs, to improve the reliability performance by enabling more/enough PUSCH occasions that could be used as PUSCH repetitions especially towards the different TRPs.

2.3.4.2   Beam selection enhancement for multi-TRP CG PUSCH
Another FFS point from the RAN1#103-e agreement on multi-TRP CG PUSCH is on studying low overhead mechanisms for beam selection.
For CG PUSCH, in Rel-15 NR the UE is either configured (RRC) or signaled (RRC + DCI) the UL TX beam that it then uses for CG PUSCH transmission(s). To reduce latency in beam switch for CG PUSCH, gNB may use Type 2 CG PUSCH and change the TX beam using SRI field signaled through new UL grant to the UE. However, during UE’s inactivity, the TX and RX beam pair may become blocked or outdated, e.g. due to UE’s movement and/or rotation. With the current procedures, the problem can be solved by sufficiently frequent beam-pair link measurements and reporting and, when needed, re-determining and signaling the CG PUSCH parameters to the UE. However, this may greatly increase the overhead and UE power consumption, particularly in case of a rapidly changing environment.  

Based on the above discussion, the following can be noted: 
· CG PUSCH provides low latency only if the UE has beam pair links already “in shape” when data arrives to buffer – also when UE has been inactive for a while. During the inactivity, UE may move or be blocked by the movement of other items causing a change in the suitable beam pair links, especially in the case of multi-TRP deployment. However, active maintenance of beam pair links requires frequent periodic measurements and reporting, creating unnecessary large overhead.
· It would be desirable that UE with CG PUSCH resource(s) can be as inactive as possible when it does not have data to transmit. This would save the network and UE battery from overhead.

Therefore, it would make sense to study and seek for a low overhead mechanism for the beam selection for multi-TRP CG PUSCH. That could potentially include e.g. UE’s autonomous selection and an indication of the UL TX beam for the coming CG PUSCH transmission(s). That would potentially require providing the UE with multiple CG PUSCH resources, each associated with a TX and RX beam pair in UL.
Proposal 34: For TX beam selection for multi-TRP CG PUSCH, consider UE’s autonomous selection and indication of the UL TX beam.

2.3.5   Other multi-TRP PUSCH enhancements
In RAN1#104-e, the aperiodic CSI (A-CSI) multiplexing on PUSCH considering the multi-TRP PUSCH repetition operation has been discussed, and the following agreement was made:
	Agreement
For s-DCI based multi-TRP PUSCH repetition Type A and B, if the DCI schedules A-CSI, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the X-th PUSCH repetition corresponding to the second beam.
· For PUSCH repetition Type A, X=1 (the first PUSCH repetition corresponding to the second beam) 
· For PUSCH repetition Type B, the first actual PUSCH repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are considered, 
· The UE does not expect the first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam to have a single symbol duration (similar restriction as in Rel-16 NR for the single TRP case).
· The first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are expected to have the same number of symbols
· FFS: X = 1 or X = the first actual repetition corresponding to the second beam that contains the same number of symbols as the first actual repetition with the first beam
· FFS: Any further restrictions/enhancements needed on supporting A-CSI multiplexing on PUSCH repetitions
FFS: whether to support multiplexing SP-CSI/P-CSI on PUSCH repetitions towards multiple TRPs



On the FFS point regarding the choice of X for PUSCH repetition Type B, although we don’t have a strong preference, in our view it’s fine to have the same restriction for both TRPs, and thus to have X=1 – meaning that the A-CSI is also multiplexed on the first PUSCH repetition corresponding to the second beam/TRP. And where the first actual PUSCH repetition corresponding to the first beam/TRP and the first actual PUSCH repetition corresponding to the second beam/TRP are expected to have the same number of symbols.
[bookmark: _Hlk67911377]Proposal 35: For multi-TRP PUSCH repetition Type B operation, A-CSI is multiplexed on the first actual PUSCH repetition corresponding to the first beam/TRP and the first actual PUSCH repetition corresponding to the second beam/TRP, where these two repetitions are expected to have the same number of symbols.

On the other hand, we don’t see any strong reason to support any specific multi-TRP PUSCH enhancements for SP-CSI scheduled/activated on PUSCH. Hence, the existing related rules defined in TS 38.213 (Sec. 6.1.2) can be essentially reused.  
Proposal 36: For multi-TRP PUSCH repetition Type B operation, do not support multi-TRP PUSCH enhancements specific for SP-CSI scheduled on PUSCH.

For the scenarios where a PUSCH transmission (including multiple repetitions) overlaps with a PUCCH carrying CSI and/or HARQ-ACK (over a single slot), based on the existing handling rules in TS 38.213 Sec. 9, we have:
· For PUSCH repetition Type A: given that the multiplexing conditions are satisfied, the CSI and/or HARQ-ACK are multiplexed on each PUSCH repetition that overlaps with the PUCCH carrying CSI and/or HARQ-ACK.
· For PUSCH repetition Type B: given that the multiplexing conditions are satisfied, the CSI and/or HARQ-ACK are multiplexed on the earliest actual PUSCH repetition that overlaps with the PUCCH transmission and that includes more than one symbol.
Considering the multi-TRP PUSCH repetition operation, we don’t see any strong need to support enhancements on the above handling rules for scenarios where at least one PUSCH repetition overlaps with a PUCCH carrying CSI and/or HARQ-ACK. Actually, if it wishes to guarantee the reliability of HARQ-ACK initially scheduled on PUCCH, the network can simply schedule e.g. a multi-TRP PUCCH repetition scheme for the transmission of this HARQ-ACK. And if any of the PUCCH repetition overlaps with a PUSCH transmission (in case of same PHY priority), based on the existing handling rules the PUCCH is prioritized and the PUSCH is dropped. 
Proposal 37: For multi-TRP PUSCH repetition operation, do not support multi-TRP PUSCH enhancements specific for handling the scenarios where at least one of the PUSCH repetitions overlaps with a PUCCH carrying CSI and/or HARQ-ACK.
[bookmark: _Hlk528168953]

3. Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss first sub-objective of the multi-TRP/panel transmission. The following observations and proposals are made.
PDCCH enhancements
Observation 1: Having different signalling mechanisms for linking SSSets (via RRC) and updating CORESET beam (via MAC-CE) may not fully provide the required flexibility for M-TRP PDCCH repetition. 
Proposal 1: MAC-CE shall be used to update linked SSSets and disable the linking of SSSets. 
Proposal 2: For inter-slot PDCCH repetition, for slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: The slot of a reference (the PDCCH candidate ends later in time) PDCCH candidate is used as the reference slot.

Proposal 3: When SSSets are unlinked via MAC-CE, the rate matching of PDSCH does not have to consider any linked PCCCH candidates associated CORESETs. 

Proposal 4: For the number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, support Option 3 as the first choice or option 2 as the second choice. 

[bookmark: _GoBack]Proposal 5: Starting symbol for PDSCH mapping type B as well as a reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured) is defined using a reference PDCCH candidate, where the reference candidate is the candidate that ends later in time among the two linked PDCCH candidates in the time domain.
Proposal 6: Regarding the TCI is not present in DCI (TCI-presentInDCI), the following cases shall be defined, 
1. When TCI present in DCI configuration is different for linked CORESETs, a reference CORESET (e.g. lowest CORESET ID, latest beam updated CORESET) or fixed behaviour shall be defined in the spec to derive the TCI field in DCI for linked PDCCH candidates. 
1. When TCI present in DCI configuration is disabled in both CORESETs, a reference CORESET (e.g. Lowest CORESET ID) is used to derive the QCL assumptions for PDSCH (when scheduling offset is equal to or larger than timeDurationForQCL). 

Proposal 7: PDCCH repetitions are not associated with different CORESETPoolIndex. 

Proposal 8: Single-TRP PDCCH repetition is supported by reusing the agreed framework for M-TRP PDCCH repetition. 
1. RRC can link SSSets of the same CORESET 
1. MAC-CE can be additionally used to update linked SSSets to change the linked SSSets such that S-TRP and M-TRP repetition modes are switched or PDCCH repetition mode is disabled. 

Proposal 9: 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, the one with the lowest SSSet ID is applied. 

PUCCH enhancements
Proposal 10: Do not consider further the multi-TRP intra-slot PUCCH beam hopping scheme. 
Proposal 11: Support dynamic switching between the different multi-TRP PUCCH schemes.

Observation 2: Looking at RAN4’s reply in R4-2103290, a switching gap of (at least) one symbol would be required for FR1 as well as for FR2 at least in the case where the UL beams are switched within a same panel.

Proposal 12: For multi-TRP PUCCH schemes, RAN1 shall consider one symbol switching gap for beam switching /power control parameter switching for FR2 at least in the case where the UL beams are switched within a same panel as well as for FR1. 

Proposal 13: For multi-TRP PUCCH schemes, if more than one switching gap for beam switching /power control parameter switching are required depending on single-panel/multi-panel assumption of the UE, RAN1 shall further consider how to enable common understanding on switching gaps at the network and the UE sides. 

Observation 3: The cases where the spatial filter to transmit the beam is unknown and/or UL timing is different between different UL beams may not be of big interest from RAN1 perspective.

Proposal 14: M-TRP UL transmission schemes do not need to consider the case that spatial filter to transmit the beam is "unknown”. 
· Send and updated LS to reduce RAN4 work on this discussion. 

Proposal 15: Confirm the following Working Assumption:
1. For beam mapping /power control parameter set mapping for PUCCH repetitions,
4. For M-TRP PUCCH Scheme 1 in FR1, it is possible to configure either cyclic mapping or sequential mapping of power control parameter sets over PUCCH repetitions (similar to spatial relation info’s over PUCCH repetitions).
4. For M-TRP PUCCH Scheme 3, reuse the same methods as Scheme 1 (by replacing slots with sub-slots) for beam mapping or power control resource set mapping to sub-slots.

Observation 4: For the multi-TRP PUCCH repetition schemes, the PUCCH deferral mechanism would need to take the switching gap(s) into account; in addition to DL symbol and SS/PBCH block symbols.
Proposal 16: For the multi-TRP PUCCH schemes, discuss whether/how the PUCCH deferral mechanism should take the switching gap(s) into account.
Proposal 17: For the multi-TRP PUCCH schemes, discuss how the PUCCH deferral mechanism impacts the UL beam / power control parameter set mapping.
1. If deferral is not allowed across slots for the intra-slot PUCCH repetition scheme, the cases with reduced number of PUCCH repetitions should also be considered.

Proposal 18: For the indication of two TPC commands via UE-specific PDCCH for multi-TRP PUCCH repetition operation, down-select between the following two ways:
1. Support only Option 3, i.e., a second TPC field is added in DCI formats 1_1 / 1_2.
1. Support Option 1 and Option 3 where it’s up to the network to decide which option to configure. 

Proposal 19: To enable the support of separate power control for different TRPs for multi-TRP PUCCH schemes in FR1, two sets of PUCCH power control parameters, from a list of RRC-configured sets, can be indicated/activated for a PUCCH resource via a new MAC CE.
1. FFS other indication and configuration details, if any.

Proposal 20: For multi-TRP PUCCH schemes, if the UE is not provided pathlossReferenceRSs, 
define how to enable the UE to determine two RS resources needed to calculate two pathloss values for PUCCH power control considering different aspects/parameters such as the single/multi-TRP scheme used in downlink.

PUSCH enhancements
Proposal 21: For multi-TRP PUSCH repetition operation, support dynamic switching of the order of the two TRPs.
1. Note: This can be potentially also used as a way for TRP selection in case of single-TRP PUSCH operation. 
Proposal 22: For multi-TRP PUSCH repetition operation under the codebook-based mode, to enable the support of 1) dynamic switching between multi-TRP/single-TRP and 2) dynamic switching of the order of the two TRPs, down-select between the following ways:
1. Option 1: Support the SRI-based approach which relies on existing SRI reserved entries with or without new entries / bits.
1. Option 2: Support the TPMI-based approach which relies on existing TPMI reserved entries with or without new entries / bits.
1. Option 3: Support a combination of the SRI-based approach and the TPMI-based approach.

Proposal 23: For multi-TRP PUSCH repetition operation under the non-codebook-based mode, to enable the support of 1) dynamic switching between multi-TRP/single-TRP and 2) dynamic switching of the order of the two TRPs, 
1. Support the SRI-based approach which relies on existing SRI reserved entries with or without new entries / bits.
Observation 5: For codebook-based mode, to enable dynamic switching between multi-TRP/single-TRP modes considering the SRI fields, 
1. For 3 out of 4 cases of , extra one bit would be needed, while the other case can use existing SRI reserved entries.

Observation 6: For codebook-based mode, to change the order of the two TRPs in addition to dynamic switch of multi-TRP/single-TRP modes considering the SRI fields, 
1. For all cases of , additional bit (other than the required bit for dynamic switching between multi-TRP/single-TRP modes) would be needed.

Observation 7: For codebook-based mode, to enable dynamic switching between multi-TRP/single-TRP modes considering the TPMI fields, 
· For 8 out of 18 cases, extra one bit would be needed, while 10 other cases can use TPMI reserved entries. 

Observation 8: For codebook-based mode, to change the order of the two TRPs in addition to dynamic switch of multi-TRP/single-TRP modes considering the TPMI fields, 	
· For 12 out of 18 cases, additional bit (other than the required bit for dynamic switching between multi-TRP/single-TRP modes) would be needed, while 6 other cases can use TPMI reserved entries. 

Observation 9: For non-codebook-based mode, to enable dynamic switching between multi-TRP/single-TRP modes considering the SRI fields, 
· For 9 out of 12 cases, extra one bit would be needed, while 3 other cases can use SRI reserved entries.

Observation 10: For non-codebook-based mode, to change the order of the two TRPs in addition to dynamic switch of multi-TRP/single-TRP modes considering the SRI fields, 
· For 11 out of 12 cases, one additional bit (other than the required bit for dynamic switching between multi-TRP/single-TRP modes) is needed while the other case can use SRI reserved entries.
Proposal 24: For the indication of two TPC commands via UE-specific PDCCH for multi-TRP PUSCH repetition operation, down-select between the following two ways:
1. Support only Option 3, i.e., a second TPC field is added in DCI formats 0_1 / 0_2.
1. Support Option 1 and Option 3 where it’s up to the network to decide which option to configure. 

Proposal 25: For the linking of SRI fields to power control parameters for multi-TRP PUSCH operation, adopt Alt.2 i.e. add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID
Proposal 26: Do not consider enhancements on open-loop power control parameter set indication for multi-TRP PUSCH repetition operation.
Proposal 27: For multi-TRP PUSCH repetition operation where two sets of power control parameters are provided, assuming a single PHR triggering and reporting in a cell, down-select between the following ways for the UE to selects which set to consider for the PHR triggering and reporting: 
1. UE selects the set based on a predefined method. 
1. gNB indicates which set the UE should consider.

Proposal 28: For multi-TRP PUSCH repetition operation, for beam switching / power control parameter set switching gap, RAN1 considers that at least one symbol is required as a switching gap.

Proposal 29: For the multi-TRP PUSCH repetition operation, RAN1 to specify the details of accounting for switching gap(s) by considering discarding symbols from at least one PUSCH repetition of any two consecutive PUSCH repetition associated with different TRPs where there is a need to create such a gap.
1. FFS: details on the required configuration and UE behavior. 

Proposal 30: Confirm the following Working Assumption:
For single DCI based M-TRP PUSCH repetition Type A and B, it is possible to configure either cyclic mapping or sequential mapping of UL beams.

Proposal 31: For beam mapping pattern for multi-TRP PUSCH repetition, support configuring more than one beam mapping patterns and selecting a pattern via DCI without increasing the downlink control overhead. 
1. FFS the details of how to indicate a mapping pattern via DCI. 

Proposal 32: For the multi-TRP CG PUSCH repetition operation, 
1. One of these RV sequences ({0,0,0,0}, {0,3,0,3}, {0,2,3,1}) can be configured. 
1. The configured RV sequence is applied separately for PUSCH repetitions using two different SRIs/TRPs with a possibility of configuring an offset for the starting redundancy version corresponding to the second SRI/TRP.

Proposal 33: For the multi-TRP CG PUSCH repetition operation, study enhancements on the RV related operation considering the two TRPs, to improve the reliability performance by enabling more/enough PUSCH occasions that could be used as PUSCH repetitions especially towards the different TRPs.

Proposal 34: For TX beam selection for multi-TRP CG PUSCH, consider UE’s autonomous selection and indication of the UL TX beam.

Proposal 35: For multi-TRP PUSCH repetition Type B operation, A-CSI is multiplexed on the first actual PUSCH repetition corresponding to the first beam/TRP and the first actual PUSCH repetition corresponding to the second beam/TRP, where these two repetitions are expected to have the same number of symbols.

Proposal 36: For multi-TRP PUSCH repetition Type B operation, do not support multi-TRP PUSCH enhancements specific for SP-CSI scheduled on PUSCH.

Proposal 37: For multi-TRP PUSCH repetition operation, do not support multi-TRP PUSCH enhancements specific for handling the scenarios where at least one of the PUSCH repetitions overlaps with a PUCCH carrying CSI and/or HARQ-ACK.
4. [bookmark: _Hlk4746949][bookmark: OLE_LINK9]References
[1] [bookmark: _Ref492382888]RP-193133, “Further enhancements on MIMO for NR,” 3GPP WID RAN1 #86. 
Appendix: Simulation assumptions
	Parameters
	Values

	Carrier frequency / SCS
	30 GHz / 120 kHz

	PUCCH format
	Format 3

	Schemes & # of OFDM symbols
	intra-slot beam hopping: 8 symbols
intra-slot repetition: 4 symbols 
Both schemes apply frequency hopping

	# of RB
	1 RB

	UCI size
	11 and 22 bits 

	Channel model
	CDL-A

	Delay spread
	30 ns

	UE speed
	3 km/h

	gNB antenna configuration
	2Rx, [M,N,P,Mg,Ng]=[4,8,2,1,1]

	UE antenna configuration
	1Tx, [M,N,P,Mg,Ng]=[2,4,1,1,1]

	Receiver assumption
	Intra-slot repetition : soft-combining 

	Channel estimation
	MMSE

	Blockage
	10 dB with probability 10% 

	# of repetitions
	intra-slot repetition: 2

	# of TRPs
	1 (s-TRP), 2 (m-TRP)

	Pathloss difference between TRPs
	0, 3, 6dB
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