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Great progress has been made in the last few meetings [1]. Some remaining issues shall be further settled to complete the MTRP feature. In this contribution, we further discuss these issues on PDCCH, PUCCH, and PUSCH in separate sections below.
Discussion on MTRP PDCCH
1.1. Enhancement on BWP switching delay
In Rel-15, a PDCCH with a BWP indicator field that indicates active BWP change is restricted to be only within first 3 OFDM symbols, while this restriction is relaxed when a PDCCH carrying SCell dormancy indication that indicates an active DL BWP change for an Scell in Rel-16 and the PDCCH can be transmitted outside first 3 symbols.
In Rel-17, PDCCH repetition transmission is introduced to improve the reliability of PDCCH reception, especially in FR2 to cope with blockage. Given that some UEs cannot support two different beams reception simultaneously, only TDM based PDCCH repetition transmission is configured for these UEs. If two TDM based PDCCH repetition candidates are confined within first three symbols, there are four possible configurations as following that two CORESETs with some special durations in number of symbols cannot be configured by gNB which is too restrictive and not flexible for NW implementation. 
one CORESET with 3 symbol and another CORESET with 1 symbol
one CORESET with 3 symbol and another CORESET with 2 symbol
one CORESET with 3 symbol and another CORESET with 3 symbol
one CORESET with 2 symbol and another CORESET with 2 symbol
When UE does not support simultaneous reception of two beams, four typical configurations on durations of CORESETs cannot be supported in NW implementation. 
For sake of supporting those configurations above, both of two PDCCH repetition candidates with a BWP indicator field that indicates active BWP change should not be always limited in first three symbols, for instance, the second PDCCH candidate later in time can be outside of first three symbols. In 38.133 [2], time duration TBWPswitchDelay with slot level for BWP switch delay is defined, we can extend this value in case of PDCCH repetition and take behavior of dormant BWP switch as reference where extra one slot is introduced if corresponding DCI is received after the first 3 symbols. When the second PDCCH candidate later in time is outside first 3 symbols, UE shall be able to complete active BWP switching within T BWPswitchDelay + Z slots, where Z=1 slot.
If PDCCH with repetition configuration carries information of BWP change, the second PDCCH candidate later in time can be outside of first 3 symbols and extra Z=1 slot is introduced for BWP switch delay to ensure successful switch.
1.2. Timeline related to DCI decoding 
The following texts are copied from 38.213 [4].
	When the DCI format 0_1 or 1_1 with 'Minimum applicable scheduling offset indicator' field indicating a change to the applied K0min or K2min is contained within the first three symbols of slot n, the value of application delay X is determined by, .
When the DCI format 0_1 or 1_1 with 'Minimum applicable scheduling offset indicator' field is received outside the first three symbols of the slot, value of Zµ from Table 5.3.1-1 is incremented by one before determining the application delay X.


For application delay of the minimum scheduling offset restriction, two different values of Zµ are defined based on the position of the related DCI. When TDM based PDCCH repetition is configured, the first PDCCH candidate is located within first 3 symbols and the second PDCCH candidate later in time can be fully or partially located outside of the third symbols. It is better to take the second PDCCH candidate as reference to determine the application delay X as shown in Figure 1.


[bookmark: _Ref83837893]Second PDCCH candidate is outside of first 3 symbols.
For application delay of the minimum scheduling offset, take the second PDCCH candidate later in time as reference.
In addition, timeline between one PDCCH carrying BWP switching and another PDCCH carrying CSI trigger should be taken into account if PDCCH repetition is configured. In Rel-16, the last symbol of the PDCCH span of the DCI carrying the BWP switching shall be no later than the last symbol of the PDCCH span of the DCI carrying the CSI trigger, irrespective of whether they are in the same carrier of a serving cell or not and irrespective of whether they are in the same SCS or not. Once one or both of these two PDCCH for different usages are configured by PDCCH repetition, it is better to take the span that involves the second PDCCH candidate later in time as reference to follow same restriction as legacy which is shown in Figure 2.


[bookmark: _Ref83837906]Timeline restriction on PDCCH span.

For timeline between PDCCH spans carrying BWP switching and CSI trigger respectively, take the span that involves the second PDCCH candidate later in time as reference.
1.3. Discussion on PDCCH dropping related issues
In RAN1#106-e meeting, the following agreement about PDCCH dropping rule is achieved 
	Agreement
For PDCCH repetition with two linked candidates, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped)
· Option 1: UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate)
· At least the following Rel. 15/16 rules are applicable for this purpose:
· Case 1: Overlap with SSB
· Case 2: Overlap with rate matching resources: RateMatchPattern, lte-CRS-ToMatchAround, or LTE-CRS-PatternList-r16, availableRB-SetPerCell-r16
· Case 3: Due to TDD DL/UL related conflicts: Overlap with semi-static / dynamic UL symbols or overlap with PRACH
· FFS: Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
· FFS: Case 6: Overlap with reserved PRB(s) and OFDM symbol(s) indicated by DCI format 2_1 where UE may assume no transmission intended for the UE
· Other cases are not precluded
· This does not impact the BD count for both dropped and non-dropped PDCCH candidates


Regarding the first FFS, it is related to another discussion about QCL-TypeD priority rules for overlapping CORESETs to support time-overlapping PDCCH repetitions in FR2, we suggest this FFS can be delayed until another discussion on QCL-Type D is clear. Regarding the second FFS, it seems that the intention of introducing preemption indication is only used for PDSCH in Rel-15 rather than PDCCH. UE would monitor and try to decode PDCCH before receiving DCI format 2-1, so case6 does not need to be discussed in case of PDCCH dropping.  
Besides listed cases above, another interruption case was not taken into account that once one of PDCCH repetition candidate overlaps in time with uplink or downlink RF retuning time, for instance, for unpaired spectrum operation, if a UE is not configured for PUSCH/PUCCH transmission on one serving cell and UE prepare to transmit SRS in this cell, if UE is not capable of simultaneous reception and transmission on different serving cells, UE should drop the PDCCH reception on another cell and start RF retuning with higher priority.
For Case 3 conflict caused by SRS carrier switching, dropping rule for PDCCH repetition should also take interruption with RF retuning time into account. 
Another issue about PDSCH rate matching has been discussed and achieved an agreement that 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. However, when one of PDCCH repetition candidate is dropped due to the cases above, how to perform PDSCH rate matching should be clarified.
In Figure 3, the second PDCCH repetition candidate overlaps with one SSB resource and also overlaps with scheduled PDSCH resource. As per the dropping rule, UE does not monitor the second PDCCH repetition and assume gNB would not transmit this candidate again. Therefore, PDSCH data can be carried in the green resource in the figure 3 to ensure the lower code rate of PDSCH transmission and UE does not process rate matching. 


[bookmark: _Ref83838208]PDSCH rate matching due to PDCCH dropping.
UE does not execute PDSCH rate matching on resources that overlaps with scheduling PDCCH resources if this corresponding PDCCH candidate is dropped due to interruption.
Ambiguity in case of overlaps between AL8 and AL16 
Due to the special design for polar encoding, UE may decode PDCCH successfully with aggregation level 8 even though gNB transmits PDCCH with aggregation level 16 in case that UE would monitor PDCCH candidates of AL8 and AL16 with the same starting CCE index associated with non-interleaved CORESET spanning one OFDM symbol. In Rel-17, PDCCH repetition transmission is introduced, there are three cases require further discussion. 
Case1:  one individual PDCCH with AL8 overlaps with one of PDCCH repetition candidates with AL16 shown in Figure 4 a)
Case2:  one individual PDCCH with AL16 overlaps with one of PDCCH repetition candidates with AL8 shown in  Figure 4 b)
Case3:   PDCCH repetition candidates with AL16 overlaps with PDCCH repetition candidates with AL8 respectively shown in  Figure 4  c)



                                        
a)                                                    b)                                                                c)
[bookmark: _Ref83838281][bookmark: _Ref83838445]Overlapping between AL8 and AL16.
When UE decodes PDCCH with AL8 successfully only in first or second monitoring occasion in these three cases, UE cannot infer gNB transmits PDCCH with AL8 or AL16 and cannot even identify whether the PDCCH is based on R17 rules or R16. Furthermore, gNB can select one of PDCCH repetition candidates to transmit PDCCH which is transparent to UE, UE may decode PDCCH with AL8 successfully in one monitoring occasion and PDCCH with AL16 in another monitoring occasion e.g. in Figure 4 a) and Figure 4 b), which increases the complication of the issue. 
In order to resolve the ambiguity, one simple scheme is to put some restriction on UE reception, for instance, UE only monitor one AL (e.g. AL8 or AL16) for these three cases, or UE assumes only PDCCH with repetition configuration is transmitted. 
The ambiguity between PDDCH AL8 and AL16 also exists in case of PDCCH repetition transmission and should be resolved. 
Assumption on default beam reception
In Rel-15, when the UE is configured with a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'off' and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable. 
In Rel-17, when the UE is configured with a PDCCH repetition transmission based on FDM in FR2, UE would receive two PDCCH repetition candidates simultaneously with different 'QCL-TypeD', during which the UE also receive the CSI-RS, but which QCL-Type D assumption for CSI-RS reception is not clarified. The simple scheme is to select one from two QCLs, e.g. based on the QCL-Type D of lower CORESET ID. 
QCL-Type D assumption for CSI-RS with higher layer parameter repetition set to 'off' is identical to QCL-Type D assumption for the CORESET with lower ID among CORESETs which can be received simultaneously.
Details of number of BDs 
In RAN1 #104b-e, the following was agreed:
	Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, support
· UE reports one [or more] number(s) as required number of BDs for the two PDCCH candidates
· Candidate values: 2, 3.
· FFS: Default behaviour
· FFS: Whether one of the candidate values imply that UE supports soft combining
· FFS: Whether additional candidate values are supported (e.g. non-integer numbers)
· FFS: RRC configuration based on reported UE capability



In RAN1 #106-e, the following proposal and conclusion were discussed but without any agreement.
	FL Proposal 4: RRC configuration for counting two linked PDCCH candidates as 2 or 3 BDs is supported.   
· It 3 BDs can be configured only if UE indicates 3 BDs.
· If not configured, 2 BDs are assumed. 2 BDs can be configured even when UE indicates 3 BDs.
· Note: Default value for UE capability / RRC signalling can be discussed separately
Proposed conclusion: When 3 BDs are supported and configured, it implies UE performs both soft combining and individual decoding.


In general, if UE reports capability of 3BDs, it is natural that UE supports 2BDs assumption. Based on the simulation results before, if two PDCCH repetitions are really transmitted in both PDCCH candidates and UE supports soft combining, similar performance between BD2 and BD3 is observed, while BD3 has better performance than 2BDs in case gNB only transmit PDCCH in one of the PDCCH candidates. However, UE performing 3BDs will decrease the probability of valid PDCCH candidate transmissions subjected to the maximum BD/CCE number in a slot. When gNB can ensure the condition by implementation, for instance, two PDCCH repetitions are really transmitted in both PDCCH candidates in every slot by pre-allocation and pre-configuration, gNB can still inform 2BDs to UE by RRC signaling to ensure more PDCCHs can be transmitted, given that UE reports supporting of 3BDs.
Support 2 BDs can be configured by RRC even when UE indicates 3 BDs
Discussion on overbooking rule
In RAN1 #106-e, the following was agreed:
	Agreement 
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, select one Alt for each of Case 1 and Case 2 in RAN1 #106-bis-e:
· Case 1: 2 BDs are counted for two linked candidates:
· Alt1: No change (use existing spec)
· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.
· Case 2: 3 BDs are counted for two linked candidates:
· Alt1: Overbooking is per individual SS set as in Rel. 15/16
· Alt1-1: The third BD is counted as a virtual SS set (i.e., the virtual SS set for the third BDs is dopped before dropping the linked SS sets).
· Alt1-2: The third BD is counted as part of the SS set with higher ID.
· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.
· FFS: Inter-span PDCCH repetition for r16monitoringcapablity.



Regarding Alt2 in case1 or case2, when two linked USS sets are mapped in ascending order of the SS IDs, if the number of PDCCH candidates/CCEs exceeds the limits of UE processing in second SS, then two USS sets are dropped which increases the PDCCH dropping probability especially many PDCCH repetition candidates are associated with same two linked SS sets. 
Regarding Alt1 in case1 or case2, if the higher SS ID is dropped due to BD/CCE limit, gNB still transmit PDCCH in smaller SS ID. Furthermore, Alt1 reuses legacy design which should be adopted for PDCCH repetition, we do not see Alt2 has obvious advantage. 
Regarding Alt1-2 in case2, there are still much higher probability that the second SS set would be dropped since the last two BD should be counted in second PDCCH candidate where PDCCH is only transmitted from single TRP. In contrast, Alt1-1 in case2 can cope with this issue, which obeys rule of R15 that 1BD is for one candidate. For the special third BD only executing extra polar decoding without CCE count, a virtual SS can be introduced to represent. In Figure 5, the first 2BDs count is same as Alt1 for case1, when the third BD exceeds the BD limit, at least SS_k and SS_k+1 are reserved and UE still detect two PDCCH repetition candidates from M-TRP to achieve better reliability. Alt1-1 for case2 is extension of Alt1 for case1.
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Support Alt1-1 for case2 which achieves the best balance between PDCCH dropping and performance of reliability. 
Given that Alt1 is supported and the higher SS ID is dropped as per overbooking rule in some cases, UE only monitor PDCCH candidates associated with another SS with SS ID. For sake of scheduling in advance, the optimal scheme is that the PDCCH candidate earlier in time should be associated with the SS with lower SS ID.
Support Alt1 for overbooking and the PDCCH candidate earlier in time between linked candidates is associated with the lower SS set ID.
Determination of two QCL-TypeD
In RAN1 #106-e, the following was agreed:
	Agreement
For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple overlapping CORESETs, down-select from the following Alts in RAN1 #106-bis-e:
· Alt1: Identify the two QCL-Type D properties based on legacy priority order.
· Alt2: Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a SS set with the first QCL-TypeD (among the multiple overlapping CORESETs)
· In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
· FFS: The case of no such SS set pair
· Alt3: Assign same priority for two linked search space sets for PDCCH transmission with overlapping monitoring occasions (the priority is according to one of the two SS sets with a lower SS set ID)
· Priority order: SS type (USS/CSS) > linkage of SS sets > cell index > associated SS set ID
· Linked SS set has higher priority than individual SS set
· FFS: The case that the first QCL-TypeD is from unlinked CSS
· FFS: The case of no linked SS sets among the multiple overlapping CORESETs


Regarding Alt1, it seems that Alt1 is not related to PDCCH repetition, perhaps two QCL-Type D properties having highest priority are not in group beam pair for simultaneous reception which can support PDCCH repetition reception simultaneously. 
Regarding Alt2, if the first QCL-TypeD property does not belong to any one of the two QCL-TypeD properties associated with two linked CORESETs for PDCCH repetition, then UE would not receive any PDCCH repetition candidates, which is very serious in FR2. 
Since the discussion about this issue was triggered mainly due to introduction of PDCCH repetition, we think the priority of UE reception for PDCCH repetition should be guaranteed firstly. In Rel-15, CORESET containing a CSS is received firstly, while in Rel-17, linked SS set should have higher priority than individual SS set. For important individual CSS set, gNB can avoid the overlapping between CSS set and linked USS sets by implementation. 
Support Alt3 for determination of two QCL-TypeD reception.
UE complexity for PDCCH repetition
In RAN1 #106-e, the following was agreed:
	Agreement 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Study whether/how to handle UE complexity / memory requirements for linked PDCCH candidates
· The following cases can be considered:
· Case 1: One pair of linked MO’s of one pair of linked SS sets in a given slot with large number of candidates.
· Case 2: Multiple pairs of linked MO’s of one pair of linked SS sets in a given slot, where MO’s of the two SS sets are not interlaced
· Case 3: For two pairs of linked SS sets (e.g. SS sets 1 and 2 are linked, and SS sets 3 and 4 are linked), a MO of any of the SS sets (e.g. SS set 3) is in between two linked MOs of another two SS sets (e.g. SS sets 1 and 2).
· Other cases are not precluded.
· Examples of possible mechanisms to address the issue: Restrictions in the spec, UE capability, limit total number linked candidates in a slot, limit total number of linked candidates / CCEs at any given time (similar to CPU occupation)
· Whether the solution should also depend on AL of linked candidates
· The case of CA can also be considered


For Rel-17 PDCCH repetition, it is not justified to claim increase of UE buffering capability considering the buffer needed for PDCCH handling would be smaller than PDSCH. But the timing constraint of decoding PDCCH would be more stringent than PDSCH in some cases thus PDCCH repetition would increase corresponding implementation burden. The total number of linked candidates in a slot well reflect such increased burden and thus should be considered as an optional UE capability reported to the network.
The total number of linked candidates in a slot is reported as an optional UE capability.

Remaining issues on MTRP PUSCH
This section will focus on the remaining issues on MTRP PUSCH enhancement.
[bookmark: _Hlk60733651]SRS resource set configuration
	[bookmark: _Hlk71361421]Agreement RAN1 #103-e
For single DCI based M-TRP PUSCH repetition schemes, support codebook based PUSCH transmission with following enhancements. 
· Support the indication of two SRIs. 
· Alt1: Bit field of SRI shall be enhanced. 
· Alt2: No changes on SRI field 
· Support the indication of two TPMIs. 
· The same number of layers are applied for both TPMIs if two TPMIs are indicated
· The number of SRS ports between two TRPs should be same.
· FFS: Details on indicating two TPMIs (e.g, one TPMI field or two TPMI fields)
· Increase the maximum number of SRS resource sets to two
· FFS: configuration details of each SRS resource set (e.g., number of SRS resources in a resource set)
Agreement
For single DCI based M-TRP PUSCH repetition schemes, support non-codebook based PUSCH transmission with following considerations. 
· Increase the maximum number of SRS resource sets to two, and associated CSI-RS resource can be configured per SRS resource set. 
· FFS: Enhancements on SRI field in DCI to indicate the two beams for repetitions 

Agreement
For the new field in DCI for dynamic switching, 
· For Codepoint “11”, the 1st SRI/TPMI field associate with the 1st SRS resource set while the 2nd SRI/TPMI field associate with the 2nd SRS resource set. i.e.,  
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	11
	m-TRP mode with (TRP2, TRP1 order)
1st SRI/TPMI field: 1st SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields


· For Codepoint “11”, the first repetition in time is associated with the second SRS resource set, and the remaining repetitions follow the configured mapping pattern (cyclic or sequential).
· For Codepoint “10”, the first repetition in time is associated with the first SRS resource set, and the remaining repetitions follow the configured mapping pattern (cyclic or sequential).
Agreement
On the number of SRS resource configured in the two SRS resource sets, select one of the following alternatives, 
· Alt.1: Support the same number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. 
· Alt.2: Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on the first SRS resource set
· FFS: How to interpret “SRI field is present or not present”
· Alt.3: Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the smaller, same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on maximum number of SRS resources among two resource sets
· FFS: How to interpret “SRI field is present or not present”



Three alternatives have been agreed on the number of SRS resources configured in the two SRS resource sets.
Regarding Alt.1, configuring same number of SRS resources for both CB and NCB-based MTRP PUSCH deviates from the reality that different channel states between the UE and two TRPs, different capabilities of two UE Tx panels corresponding to two TRPs, and different UL inter-UE interference of two TRPs require different configurations. For instance, for CB-based UL transmission, two UL beams may be identified for TRP1 while only one UL beam is possibly identified for TRP2 according to beam management results; in the case of NCB-based UL transmission, one SRS resource set may support a larger value of the maximum number of layers for flexibility reflecting the channel state between the UE and the TRPs. Some companies argued that the same number of SRS resources can still be configured for the two SRS resource sets even though the channel conditions or Tx panel capability of the two TRPs are quite different and it depends on gNB to schedule only partial resources configured in one SRS resource set. However, the gNB has to always configure same number of SRS resources from two sets to the larger value unfortunately leading to a waste of RRC configuration and increased DCI size due to useless SRS resources configured by RRC signaling. Furthermore, the UE has to transmit some useless SRS for such an enlarged SRS resource set, resulting in extra processing complexity and power consumption.
Regarding Alt.2, the number of SRS resources of two SRS resource sets can be different to adapt to TRP-specific channel conditions. To ensure indication of all candidate SRS resources from the second SRS resource set, the first SRI field shall be equal to or larger than the second SRI field. So, the number of SRS resources configured in the first SRS resource set is expected to be equal or larger than that configured in the second SRS resource set, for the number of SRS resources determines the bit width of the SRI field. As TRP selection and TRP order switching can be indicated by the new field, such SRS resource configuration does not bring any restrictions to the real transmission towards either one TRP or both TRPs.
Regarding Alt.3, the number of SRS resources of two SRS resource sets can also be different. The bit width of the 1st SRI field is determined based on the maximum number of SRS resources among two resource sets to enable SRS resource selection for both SRS resource sets when STRP is indicated. This will increase the DCI overhead. Take SRS for NCB for example, assuming 2 SRS resources in the 1st SRS resource set and 4 SRS resources in the 2nd SRS resource set, then the 1st SRI field will be 4 bits and the 2nd SRI field will be 3 bits (up to rank 2 according to the possible rank for PUSCH repetition), totally 7 bits for both SRI fields will be required by Alt.3; while totally 5 bits for both SRI fields will be required by Alt.2, including 4 bits for the 1st SRI field and 1 bit (up to rank 1) for the 2nd SRI field.
Based on the above elaboration, Alt.2 is the best configuration for the two SRS resource sets, which is the most flexible and overhead-friendly.  
Support Alt.2, i.e., different numbers of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always has the same or larger number of SRS resources than the second SRS resource set.
In Rel-16, SRS resource sets are configured per DCI format [3]. The SRS-ResourceSet(s) applicable for PUSCH scheduled by DCI format 0_1 and DCI format 0_2 are defined by the entries of the higher layer parameter srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2 in SRS-config, respectively. However, restrictions are imposed that the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 is composed of the first  SRS resources in the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList, if any, without any enhancement on MIMO capability. For instance, as shown in Figure 6, SRS resource set used for PUSCH transmission scheduled by DCI format 0_2 is composed of the first two SRS resources in the SRS resource set configured for DCI format 0_1.


[bookmark: _Ref83632931]An example of SRS resource set configuration in Rel-16.
To support PUSCH repetition towards multiple TRPs, RAN1#103-e has agreed to increase the maximum number of SRS resource sets to two. These two SRS resource sets should be configured respectively for DCI format 0_1 and DCI format 0_2 to keep scheduling flexibility or low overhead of DCI format 0_2, and configuration limitation in Rel-16 shall be applied for two SRS resource sets. It is also possible for the scheduling flexibility to allow different DCI formats configured with different number of TRPs. For example, eMBB scheduling with DCI format 0_1 is configured with STRP operation while URLLC service scheduled with DCI format 0_2 is configured with MTRP operation. Thus only one SRS resource set is configured for one DCI format, while two SRS resource sets can be configured for the other DCI format. As shown in Figure 7 a), two SRS resource sets are configured for DCI format 0_1 to enable MTRP PUSCH scheduling for reliability while only one SRS resource set is configured for DCI format 0_2 to keep low DCI overhead because only one SRI/TPMI/TPC field is needed. The only SRS resource set configured for DCI format 0_2 is composed of the first N SRS resources in one of the two SRS resource sets based on Rel-16 URLLC restriction. Analogously, two SRS resource sets with one of which is composed of the first N SRS resources from the only SRS resource set configured for DCI format 0_1 can be configured for DCI format 0_2, as shown in  Figure 7 b). If two SRS resource sets are configured for both DCI formats, then two SRS resource sets shall be composed of the first N SRS resources in two SRS resource sets configured for DCI format 0_1 separately to reduce DCI overhead of DCI format 0_2, as shown in Figure 7 c).  


a)                                                      b)                                                       c)
[bookmark: _Ref83633870]Three examples of SRS resource sets configuration in Rel-17, where N=2.
[bookmark: _Hlk70669682]Number of SRS resource sets for MTRP operation is configured per DCI format for DCI format 0_1 and 0_2.
The SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 is composed of the first  SRS resources in the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList. 
Shared TPMI indicated by one TPMI field 
	Agreement RAN1 #104-e
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.
· [bookmark: _Hlk68265119]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 contains 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



In FR1, signals transmitted by UE can be received by two cooperating TRPs due to omnidirectional UE antennas and wide-ranged directional TRP antennas in practice. The Network can implement joint detection between two TRPs with received signals from a large distributed antenna array. Figure 8 and Figure 9 below show the link-level simulation results of PUSCH transmission towards MTRP in FR1. For shared TPMI among PUSCH repetitions, a common TPMI is selected based on the joint channel. Detailed evaluation assumptions can be found in the appendix. The BLER curves in Figure 8 show the performance of 4Tx full/partial/non-coherent codebook and 2Tx full/non-coherent codebook, we can see that performance of PUSCH repetitions sharing one TPMI with joint detection applied at the receiver is superior to PUSCH repetitions using separate TPMIs with separate detection. The BLER curves in Figure 9 are for 2Tx non-coherent codebook which is a typical antenna configuration in commercial UE implementation, we can see that performance of PUSCH repetitions sharing one TPMI is close to PUSCH repetitions using separate TPMI even when separate detection is applied at the receiver.
[image: ]
[bookmark: _Ref68181335]Performance of PUSCH repetitions transmitted towards two TRPs when full/partial/non-coherent codebooks are applied.
[image: ]
[bookmark: _Ref68181343] Performance of PUSCH repetitions transmitted towards two TRPs when only non-coherent codebook is applied.
With agreed simulation assumptions, the performance of PUSCH repetitions towards multiple TRPs sharing one TPMI is almost the same as PUSCH repetitions using separate TPMI in FR1.
PUSCH repetitions transmitting towards MTRP sharing the same TPMI indicated by one TPMI field can be supported to reduce the DCI overhead in some cases. And the feature can be optionally configured by NW.  We propose that the presence of the second TPMI field can be configured by RRC signaling. When the second field is absent, PUSCH repetitions transmitting towards multiple TRPs sharing the same TPMI indicated by the only TPMI field.  
The second TPMI field can be optionally configured via RRC. PUSCH repetitions transmitting towards multiple TRPs are sharing the same TPMI indicated by one TPMI field when the second TPMI field is absent.
[bookmark: _Hlk67995380]Power Control enhancement for PUSCH transmission
	Agreement
When SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2, for linking SRI fields to two power control parameters, it is up to RAN2 to finalize the RRC details related to linking. RAN1 identified that the following options could be used. 
· Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· 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

Agreement
The following working assumption is confirmed. 
For non-codebook based multi-TRP PUSCH, the first SRI field is used to determine the entry of the second SRI field which only contains the SRI(s) combinations corresponding to the indicated rank (number of layers) of the first SRI field. The number of bits, N2, for the second SRI field is determined by the maximum number of codepoint(s) per rank among all ranks associated with the first SRI field. For each rank x, the first Kx codepoint(s) are mapped to Kx SRIs of rank x associated with the first SRS field, the remaining (2N2-Kx) codepoint(s) are reserved.




For NCB-based PUSCH transmission, to reduce the DCI overhead, the second SRI field just indicates the SRIs combinations with the same layers as the first SRI field. In other words, the second SRI field can only indicate an SRI corresponding to the layer number same as that indicated by the first SRI field. In this case, the same value of the second SRI field may indicate different SRI(s) combinations of different layers. However, the power control parameter set mapped by the SRI field with the same value is the same if legacy behavior is inherited. This is unreasonable since the same SRI value would be interpreted differently if the number of layers is different. One simple way to handle this is to introduce an additional offset determined by the number of layers which is indicated by the first SRI field to the value of the second SRI field as shown in Figure 10. The offset can be formulated as , where  is the number of SRS resources configured in the second SRS resource set, and  is the layer number indicated by the first SRI field.  


[bookmark: _Ref79167488] Mapping between two SRI fields and two sets of PC parameter setting.
[bookmark: OLE_LINK20]For non-codebook based M-TRP PUSCH repetition transmission, two sets of SRI-PUSCH-PowerControl are configured, and an additional offset determined by the number of layers can be introduced when UE obtains a mapping from sri-PUSCH-PowerControlId in SRI-PUSCH-PowerControl between a set of values for the second SRI field, which is given by, i.e., the actually mapped sri-PUSCH-PowerControlId is equal to the value of the second SRI field plus the offset.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: _Hlk69913997][bookmark: OLE_LINK4]Information field(s) alignment in BWP switching operation
If a bandwidth part indicator field is configured in a DCI format, the bandwidth part indicator field value indicates the active UL BWP from the configured UL BWP set, for UL transmissions as described in [5]. In Rel-15/16, if a UL BWP different from the active UL BWP is indicated the UE shall
for each information field in the DCI format 
if the size of the information field is smaller than the one required for the DCI format interpretation for the UL BWP that is indicated by the bandwidth part indicator, the UE prepends zeros to the information field until its size is the one required for the interpretation of the information field for the UL BWP prior to interpreting the DCI format information fields, respectively
if the size of the information field is larger than the one required for the DCI format interpretation for the UL BWP that is indicated by the bandwidth part indicator, the UE uses a number of least significant bits of the DCI format equal to the one required for the UL BWP indicated by bandwidth part indicator prior to interpreting the DCI format information fields, respectively
set the active UL BWP to the UL BWP indicated by the bandwidth part indicator in the DCI format.
SRS resource sets are per-UL BWP configured. In Rel-17, UL BWPs in the UL BWP set may be configured with the different operation modes. As shown in Figure 11,  BWP 1 is configured with two SRS resource sets with usage set to ‘codebook’, while BWP 2 is configured with only one SRS resource set with usage set to ‘codebook’, which means two SRI fields are required for BWP 1 to operate in MTRP mode, and one SRI field is required for BWP 2 to operate in S-TRP mode. When active UL BWP is switched from BWP 1 to BWP 2, UE shall ignore the new field and the second SRI/TPMI/TPC fields. 


[bookmark: _Ref83200514]An example of BWP switching.
[bookmark: _Hlk83201436]As in Figure 12, when BWP 2 switches to BWP 1, UE may assume the only SRI/TPMI/TPC field associates to the first SRS resource set in BWP 1.


[bookmark: _Ref83201018]Another example of BWP switching.

When DCI indicates BWP switch from a BWP with MTRP configuration to a BWP with STRP configuration, UE ignores the new field and the second SRI/TPMI/TPC fields in the DCI, while when DCI indicates BWP switch from a BWP with STRP configuration to a BWP with MTRP configuration, UE assumes the only SRI/TPMI/TPC field in the DCI are associated to the first SRS resource set in the indicated BWP.
PTRS-DMRS association field enhancement for PUSCH transmission
	Agreement 
For single DCI based M-TRP PUSCH Type B repetition, the indication of PTRS-DMRS association for maxRank > 2 is supported, down select one of the following options in RAN1 #105-e meeting, 
· Option 1 (4 bits): with a second PTRS-DMRS association field (similar to the existing field), and each field separately indicating the association between PTRS port and DMRS port for two TRPs. 
· Option 2 (2 bits): using the existing PTRS-DMRS association field in DCI for the first TRP, and using reserved entries/bits in DM-RS port indication field for the second TRP.
· [bookmark: OLE_LINK8]Option 3 (2 bits): 1-bit MSB is used to indicate PTRS-DMRS association for the first TRP, and 1-bit LSB is used to indicate PTRS-DMRS association for the second TRP
· if maxNrofPorts = 1, the 1 bit indicates one of the first two DMRS ports. 
· if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port.




For the indication of PTRS-DMRS association in the case of maxRank>2, we have discussed for a few meetings, and it is still controversial. Considering the fact that we agreed to down-select one of three options for this issue, it implies that we all agree to support per-TRP PTRS-DMRS association indication. Regarding Option 3, the current two bits are reinterpreted with MSB for the first TRP and LSB for the second TRP, which is consistent with the approach for max rank equal to or lower than 2. Obviously, the limitation of this approach is that only a subset of possible PTRS-DMRS association can be indicated considering 1bit (MSB or LSB) partial PTRS-DMRS association cases for rank 3 and rank 4 covered by 1 MSB or LSB bit.  But for the case with ranks larger than 2, the SINR difference of different DMRS ports is expected to be small and the SINR of any subset of DMRS ports would be good enough to have an accurate phase estimate. So, our first preference is Option 3. 
For the sake of progress, we can live with Option 1 if the majority support it because it is a direct solution to support per-TRP PTRS-DMRS association.
Option 1 and Option 3 are preferred for PTRS-DMRS association indication when max rank is larger than 2.
PHR reporting
	Agreement
For PHR reporting related to M-TRP PUSCH repetition, support Option 4 as UE optional capability for a UE that supports mTRP PUSCH, 
· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.
Agreement
For option 4, support the following: 
When PHR MAC-CE is reported in slot n, for a CC that is configured with mTRP PUSCH repetition, PHR value(s) are determined as, 
· The first PHR value is reported same as Rel. 15/16.
· If the first PHR value is actual PHR (based on Rel. 15/16) corresponding to a repetition among mTRP PUSCH repetitions associated with a given TRP, the second PHR value, select Alt. 1A or Alt. 2A 
· Alt.1A: Is always actual. When there are more than one repetitions associated with the other TRP, the second PHR is calculated considering on the following repetition, 
· If there are repetition(s) towards the other TRP which transmit after the repetition used to calculate first PHR, the UE select the earliest repetition among them.
· Otherwise, the UE select the latest repetition which transmitted before the repetition used to calculate first PHR.  
· Alt.2A: Is actual only when a repetition associated with the other TRP is transmitted in slot n. Otherwise, it is virtual.
· If there are multiple repetitions associated with the other TRP in slot n, the earliest one in slot n is selected.
· If the first PHR value is actual PHR (based on Rel. 15/16) but not corresponding to a repetition among mTRP PUSCH repetitions (corresponds to sTRP PUSCH), select Alt. 1B or Alt. 2B
· Alt1B: a second PHR value is reported as virtual PHR.
· Alt2B: a second PHR is not reported
· If the first PHR value is virtual, select Alt. 1C or Alt. 2C
· Alt1C: a second PHR value is reported as virtual PHR.
· Alt2C: a second PHR is not reported
· When second PHR is virtual, it is calculated based on a set of default power control parameters defined for the other TRP (that is not associated with the first PHR)
· Note: the above is applicable to both single entry and multi-entry PHR reports



On PHR reporting for MTRP PUSCH repetition, two remaining issues shall be further clarified. The first one is PHR triggering condition, and the second one is how UE reporting PHR when UE does not support calculating and reporting two PHRs (option 4). 
Regarding the first issue, parameters relevant to PHR triggering conditions such as ’phr-PeriodicTimer’, ‘phr-ProhibitTimer’ and so on are configured per MAC entity. So, these parameters are shared for both TRPs. In addition, PHR can also be triggered when path loss change exceeds phr-Tx-PowerFactorChange. In MTRP scenario, this condition can be further extended as path loss change is calculated between path loss measured by PL-RS from the same TRP to avoid frequent PHR triggering.
For TRP-specific PHR triggering conditions, path loss change exceeding phr-Tx-PowerFactorChange is calculated between path loss measured by PL-RS from the same TRP. 
[bookmark: _Hlk83662613]Regarding the second issue, when UE does not support option 4, UE can calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them. If neither path loss change exceeds phr-Tx-PowerFactorChange, it’s up to UE to select one of the two PHRs to report together with TRP index, i.e., SRS resource set ID. 
 For the UE not supporting option 4,
If PHR reporting is triggered by ’phr-PeriodicTimer’, ‘phr-ProhibitTimer’ and neither path loss change of two TRPs exceeds phr-Tx-PowerFactorChange, it’s up to UE to select one of the two calculated PHRs along with the corresponding SRS resource set ID. 
If PHR reporting is triggered when path loss change of either TRP exceeds phr-Tx-PowerFactorChange, UE reports the PHR along with the corresponding SRS resource set ID
[bookmark: _Hlk66787399]Beam granularity and beam pattern
For PUSCH repetition type B, beam switching is based on nominal repetition occasion, while for PUSCH repetition type A, beam switching is based on the slot. For a gNB serving both UE of repetition type A and UE of repetition type B simultaneously, slot-based beam switching for repetition type B may be friendly for gNB to arrange receiving beam accordingly. For the purpose of implementation and analog beam coordination in cases that gNB schedules multiple UEs of different types, slot-level beam switching can be supported. 
Slot-level beam switching is friendly to coordinate transmission of multiple UEs with various configurations in the same cell.
Moreover, if inter-slot frequency hopping is enabled for PUSCH repetition type B, beam switching based on frequency hopping pattern can be easily implemented by UE to maintain the balance between the beam diversity gain and frequency selectivity gains. 
Support beam mapping per frequency hop when inter-slot frequency hopping is configured
slot index dependent beam mapping for PUSCH repetition Type B can also be supported when inter-slot frequency hopping is configured. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In order to acquire the Tx diversity of PUSCH from different antenna ports or panels, PUSCH can be split into two parts associated with different beams when the number of Type A repetition is configured to 1, where the first part with length of N1 symbols is associated with the first beam, and the second part formed by the remaining symbols is associated with the second beam. In this case, DMRS located in the second part to enable demodulation of this part is always required. It can be seen in the current specification that DMRS is mapped relative to the start of each hop in case intra-slot frequency hopping is enabled. Beam switching of one PUSCH repetition can be supported based on intra-slot frequency hopping. When intra-slot frequency hopping is enabled and the repetition number is 1, beam switching can be applied for different frequency hops.   
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]To verify the gain of beam switching with repetition number is set to 1, we evaluate the link-level performance. Simulation assumptions/parameters can be found in Table 1 in Appendix. As shown in Figure 13, at the target BLER of 10-3, more than 5 dB gain can be obtained compared to one PUSCH repetition without beam mapping. 
[image: ]
[bookmark: _Hlk61334082]Performance of beam switching when repetition number is set to 1.
[bookmark: _Hlk61883560]For PUSCH repetition Type A scheduled with repetition number setting to 1, beam switching of PUSCH is applied for the two hops when intra-slot frequency hopping is configured. 
Remaining issues for MTRP PUCCH enhancement
This section will focus on the remaining issues on MTRP PUCCH enhancement.
Support of PUCCH repetition schemes
	RAN1 #104-e eIIoT:
Agreements 
Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed
Agreements 
Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
·  FFS: Support for slot-based PUCCH repetition

RAN1 #105-e Fe-MIMO:
Agreement 
Confirm the working assumption with removing brackets on [consecutive] and adding UE capability.
· For PUCCH reliability enhancement, support multi-TRP intra-slot repetition (Scheme 3) for all PUCCH formats.
· The same PUCCH resource carrying UCI is repeated for X = 2 [consecutive] sub-slots within a slot. 
· Refer the design details related to sub-slot configurations (e.g. other values of X) to Rel-17 eIIoT
· Note1: The decision of supporting scheme 3 is only applicable for multi-TRP operation.
· This feature is optional. 




Scheme 3 can be applied for the case of URLLC to further reduce the latency. However, it can only be supported when sub-slot PUCCH is configured. For a UE not supporting sub-slot PUCCH or not configured with sub-slot PUCCH, intra-slot beam hopping (Scheme 2) will play an important role to achieve performance gain with low latency when the repetition number is set to 1.
Utilizing the framework in MTRP PUCCH Scheme 1 and 3 in which two spatial relations or two sets of power control parameters are associated to one PUCCH resource, Scheme 2 can be straightforwardly implemented based on DMRS pattern with frequency hopping to improve the reliability of PUCCH formats 1, 3 or 4 without repetition. We investigate the performance of MTRP Scheme 2 below. As shown in Figure 14 obvious diversity gain can be observed for different path loss gaps. Detailed simulation assumptions are given in Table 2 in Appendix.
[image: ][image: ]
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[bookmark: _Ref83906157]Performance of MTRP intra-slot beam hopping (Scheme 2)
 
Support Scheme 2, MTRP intra-slot PUCCH beam hopping, by applying the symbol pattern and DMRS pattern of intra-slot frequency hops for PUCCH formats 1, 3, and 4.
Inter-slot frequency hopping  
	Agreement
When inter-slot frequency hopping is configured with Scheme 1, decide one from the below options in RAN1 #105-e meeting,  
· Option 1
· If sequential mapping pattern is configured, frequency hopping is performed on slot level (as in Rel-15).
· If cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam. 
· Option 2: 
· gNB always configures sequential mapping pattern and frequency hopping is performed on slot level. (no spec impact)
· Option 3:
· Frequency hopping is performed on slot level as in Rel-15 (no spec impact). 



When inter-slot frequency hopping for PUCCH is configured, the performance of PUCCH will be affected by different beam patterns. Assuming PUCCH is configured with inter-slot frequency hopping, if the cyclical mapping is configured (Figure 15.a), the same frequency hop is always mapped to the same beam, so that no frequency diversity can be achieved for one specific beam. However, PUSCH repetitions have a chance to be scheduled on the preferred frequency for each beam in this circumstance. On the contrary, frequency diversity in every beam can be achieved if the sequential mapping is configured, as shown in Figure 15.b where two frequency hops appear for every beam.  In light of the analysis, we think the legacy frequency hopping behavior performs its merits under different beam mapping patterns.


 
a)                                                                             b)

[bookmark: _Ref83906193][bookmark: _Ref83906219] Frequency hopping performs on slot level when cyclical beam pattern and sequential beam pattern are configured.
Furthermore, enhancement on frequency hopping pattern of which multiple slots can be performed as one hop to support combined channel estimation has been discussed extensively in WI of coverage enhancement. If such enhancement is adopted, Option 1 can be implemented as one configuration case in which two slots perform as one hop naturally. For other adopted frequency hopping pattern where more than two slots perform as a hop, beam hopping pattern can be further discussed to acquire both frequency and beam diversity.  So, at this stage, decoupling frequency hopping pattern and beam hopping pattern may be a good choice.  There is no necessity to specify any enhanced frequency hopping behavior in MTRP PUCCH.
When inter-slot frequency hopping is configured with Scheme 1, frequency hopping is performed on slot level as in Rel-15 (no spec impact) (Option 3). 
Conclusions 
1. 
1.1. 
In this contribution, we have the following observations and proposals:
1. When UE does not support simultaneous reception of two beams, four typical configurations on durations of CORESETs cannot be supported in NW implementation. 
With agreed simulation assumptions, the performance of PUSCH repetitions towards multiple TRPs sharing one TPMI is almost the same as PUSCH repetitions using separate TPMI in FR1.
Slot-level beam switching is friendly to coordinate transmission of multiple UEs with various configurations in the same cell.

1. If PDCCH with repetition configuration carries information of BWP change, the second PDCCH candidate later in time can be outside of first 3 symbols and extra Z=1 slot is introduced for BWP switch delay to ensure successful switch.
For application delay of the minimum scheduling offset, take the second PDCCH candidate later in time as reference.
For timeline between PDCCH spans carrying BWP switching and CSI trigger respectively, take the span that involves the second PDCCH candidate later in time as reference.
For Case 3 conflict caused by SRS carrier switching, dropping rule for PDCCH repetition should also take interruption with RF retuning time into account. 
UE does not execute PDSCH rate matching on resources that overlaps with scheduling PDCCH resources if this corresponding PDCCH candidate is dropped due to interruption.
The ambiguity between PDDCH AL8 and AL16 also exists in case of PDCCH repetition transmission and should be resolved. 
QCL-Type D assumption for CSI-RS with higher layer parameter repetition set to 'off' is identical to QCL-Type D assumption for the CORESET with lower ID among CORESETs which can be received simultaneously.
Support 2 BDs can be configured by RRC even when UE indicates 3 BDs
Support Alt1-1 for case2 which achieves the best balance between PDCCH dropping and performance of reliability. 
Support Alt1 for overbooking and the PDCCH candidate earlier in time between linked candidates is associated with the lower SS set ID.
Support Alt3 for determination of two QCL-TypeD reception.
The total number of linked candidates in a slot is reported as an optional UE capability.
Support Alt.2, i.e., different numbers of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always has the same or larger number of SRS resources than the second SRS resource set.
Number of SRS resource sets for MTRP operation is configured per DCI format for DCI format 0_1 and 0_2.
The SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 is composed of the first  SRS resources in the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList. 
The second TPMI field can be optionally configured via RRC. PUSCH repetitions transmitting towards multiple TRPs are sharing the same TPMI indicated by one TPMI field when the second TPMI field is absent.
For non-codebook based M-TRP PUSCH repetition transmission, two sets of SRI-PUSCH-PowerControl are configured, and an additional offset determined by the number of layers can be introduced when UE obtains a mapping from sri-PUSCH-PowerControlId in SRI-PUSCH-PowerControl between a set of values for the second SRI field, which is given by, i.e., the actually mapped sri-PUSCH-PowerControlId is equal to the value of the second SRI field plus the offset.
When DCI indicates BWP switch from a BWP with MTRP configuration to a BWP with STRP configuration, UE ignores the new field and the second SRI/TPMI/TPC fields in the DCI, while when DCI indicates BWP switch from a BWP with STRP configuration to a BWP with MTRP configuration, UE assumes the only SRI/TPMI/TPC field in the DCI are associated to the first SRS resource set in the indicated BWP.
Option 1 and Option 3 are preferred for PTRS-DMRS association indication when max rank is larger than 2.
For TRP-specific PHR triggering conditions, path loss change exceeding phr-Tx-PowerFactorChange is calculated between path loss measured by PL-RS from the same TRP. 
For the UE not supporting option 4,
If PHR reporting is triggered by ’phr-PeriodicTimer’, ‘phr-ProhibitTimer’ and neither path loss change of two TRPs exceeds phr-Tx-PowerFactorChange, it’s up to UE to select one of the two calculated PHRs along with the corresponding SRS resource set ID. 
If PHR reporting is triggered when path loss change of either TRP exceeds phr-Tx-PowerFactorChange, UE reports the PHR along with the corresponding SRS resource set ID
Support beam mapping per frequency hop when inter-slot frequency hopping is configured
slot index dependent beam mapping for PUSCH repetition Type B can also be supported when inter-slot frequency hopping is configured. 
For PUSCH repetition Type A scheduled with repetition number setting to 1, beam switching of PUSCH is applied for the two hops when intra-slot frequency hopping is configured. 
Support Scheme 2, MTRP intra-slot PUCCH beam hopping, by applying the symbol pattern and DMRS pattern of intra-slot frequency hops for PUCCH formats 1, 3, and 4.
When inter-slot frequency hopping is configured with Scheme 1, frequency hopping is performed on slot level as in Rel-15 (no spec impact) (Option 3). 
Appendix
[bookmark: _Ref61863214]LLS parameters and assumptions for PUSCH enhancement
	Parameter
	Value

	Carrier frequency for evaluation
	30 GHz

	Channel model
	CDL-A (delay spread: 20 ns) as in 38.901 

	UE speed
	3 km/h, 30 km/h

	BS antenna configuration
	2 Tx/2 Rx antenna ports 

	UE antenna configuration
	2 Tx/2 Rx antenna ports

	System bandwidth
	160 MHz
Note: For TDD, 160 MHz for DL/UL. No FDD bands identified at 30 GHz currently. 

	Sub-carrier spacing
	120 kHz
Note: Other values for evaluation are not precluded. 

	Channel estimation
	Practical

	Receiver type
	MMSE

	The number of TRPs
	2

	Channel model
	CDL for FR2 (TDL for FR2 can be optionally used)

	Path-loss modeling
	{0,3,6} dB gap between TRPs

	Blockage
	Option 1: Blockage model from Rel-16 (x dB power offset with probability p): Companies to report x and p, and other assumptions, if any.(P=0.1,x=10)

	# of RBs/symbols
	(40 RB,4 symbols)

	DMRS pattern
	DM-RS configuration type 1

	# of layers
	1

	Code rates
	0,4

	Frequency hopping
	disabled

	UL transmission scheme
	Codebook based UL transmission is baseline. 

	Redundancy Version
	{0，0}

	Number of repetitions (when applicable)
	2,

	Schemes
	TDM

	Receiver assumption
	soft combining/joint detection


[bookmark: _Ref61860829][bookmark: _GoBack]
[bookmark: _Ref68596363]Link-level simulation parameters and assumptions for PUCCH enhancement
	Parameter
	Value


	Carrier frequency for evaluation
	30 GHz

	Channel
	CDL-A (2Tx, 2Rx), delay spread 20ns

	BWP size
	24 PRBs

	Waveform
	CP-OFDM

	SCS
	120 kHz

	BS antenna configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1). (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (2.0, 4.0)λ

	UE antenna configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 1)
(dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ

	UE speed
	3km/h

	Angles
	The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 accordingly.

	PUCCH resource
	Format 3: 1 PRB, 8 Symbols
1TRP: with intra-slot frequency hopping
2TRP: with intra-slot frequency/beam hopping

	Number of PUCCH bits
	16 bits

	Repetition number
	1

	Path loss between 2 TRPs
	0dB, 3dB, 6dB

	Blockage modeling
	Independent blockage per-TRP of 10dB loss with probability 0.1 from the first repetition to the end
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