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Introduction
In Rel.17 NR FeMIMO WID, multi-TRP enhancements for PDCCH, PUCCH, and PUSCH are given 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



This contribution provides Samsung’s view on the highlighted topic above.

1 
2 
1. PUCCH/PUSCH enhancements
0. Inter-slot frequency hopping for PUCCH repetition Scheme 1
The following was agreed to support inter-slot frequency hopping for PUCCH repetition Scheme 1.
	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). 



For the diversity, both cyclical and sequential mapping pattern can be supported. When inter-slot frequency hopping is configured, frequency hopping can be performed for more diversity among the repetitions with the same beam. For the sequential mapping, the repetitions with the same beam can be transmitted through the different frequency hops by using the legacy inter-slot frequency hopping. For the cyclical mapping pattern, inter-slot frequency hopping can be performed considering that the repetitions with the same beam because two beams are changed in the cyclical manner. Therefore, as Option 1, different pattern for the inter-slot frequency hopping should be performed depending on the beam mapping type. 
Option 2 supports only sequential mapping pattern when inter-slot frequency hopping is configured. So, we cannot take advantage of the cyclical mapping pattern even though it provides more diversity in low mobility scenario (i.e., the wireless channel doesn’t change much in time) as the UL beam can be changed per slot. Moreover, cyclical beam mapping enables the gNB to achieve a benefit from beam mapping diversity earlier as compared to sequential mapping and it enables the gNB to terminate decoding early. For Option 3, if cyclical mapping pattern and inter-slot frequency hopping are configured, the repetitions with same beam should be transmitted with the same frequency hop. Therefore, for cyclical beam mapping, Option 3 does not simultaneously obtain a benefit from both frequency and beam diversity. Consequently, for PUCCH repetition Scheme 1, we can support Option 1 to obtain more diversity gain.
Proposal 1. For PUCCH repetition Scheme 1, we can support Option 1 to obtain more diversity gain.

0. Two SRS resource sets Multi-TRP PUSCH repetition
It was agreed to increase the maximum number of SRS resource sets (which usage is ‘codebook’ or ‘nonCodebook’) up to two for mTRP PUSCH repetition. Based on this agreement, each SRS resource set is used to transmit PUSCH into each TRP and each pathlossReferenceRS is configured per SRS resource set. And each SRS resource in each SRS resource set contains SRS-SpatialRelationInfo for each TRP. Therefore, two SRI and two TPMI (if codebook based mTRP PUSCH repetition is supported) in single DCI can be determined as two SRS resource sets. On the other words, gNB can determine the first SRI and first TPMI from the first SRS resource set among two sets and the second SRI and second TPMI from the second SRS resource set.
In Release 15/16, the association between indicated SRI and most recent transmission of SRS resource identified by SRI is clear as shown in Figure 1 because there is only one SRS resource set which usage is ‘codebook’ or ‘nonCodebook’. However, in Release 17, the timing of recent SRS resource transmission for each SRS resource set can be different if two SRS resource sets are supported for mTRP PUSCH repetition. Therefore, the association between each SRI and SRS resource(s) identified by each SRI should be clarified with consideration for timing of the most recent SRS resource transmission from each SRS resource set. The first and second SRI of indicated SRIs in slot n can be associated with the most recent transmission of SRS resources in the first and second SRS resource sets, respectively, identified by the SRI, where the SRS resources are prior to the PDCCH carrying the SRI. Figure 2 shows an example for the association of each SRI and the most recent SRS resource transmission per SRS resource set.
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Figure 1. Association between SRI and SRS resource for sTRP PUSCH repetition
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Figure 2. Association between each SRI and SRS resource identified by each SRI
Proposal 2. The first and second SRI of indicated SRIs in slot n can be associated with the most recent transmission of SRS resources in the first and second SRS resource sets, respectively, identified by the SRI, where the SRS resources are prior to the PDCCH carrying the SRI.
In addition, since power control parameters such as alpha, p0, and pathlossReferenceRS defined in each SRS-ResourceSet can be different as each SRS-ResourceSet corresponds to different TRPs. However, for the case of srs-PowerControlAdjustmentStates, which sets whether the power control of SRS and PUSCH is tied or not, it is natural to configure ‘sameAsFci2’ or ‘separateClosedLoop’ for both SRS resource sets. Therefore, it seems that the same value should be provided for both SRS resource sets.
Proposal 3. The two srs-PowerControlAdjustmentStates included in both SRS-ResourceSets have same value as sameAsFci2 or separateClosedLoop.

0. OLPC for multi-TRP PUSCH repetition
The following is the agreement on OLPC for mTRP PUSCH repetition.

	Agreement
For the indication of open-loop power control parameter (OLPC) in DCI format 0_1/0_2, support enhanced open-loop power control parameter (OLPC) set indication by indicating per-TRP OLPC set.
· FFS: Details of indication.



To support p0 for URLLC traffic, open-loop power control (OLPC) parameter set indication was introduced in Rel-16. Figure 3 shows the RRC configuration for OLPC parameter set. 
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Figure 3. RRC configuration for OLPC parameter set based p0 determination in Release 16
OLPC parameter set indication was introduced for inter-UE Tx prioritization/multiplexing, if eMBB traffic can be overlapped with URLLC traffic. However, OLPC parameter set indication can be also used to indicate whether to use p0 for URLLC or p0 for eMBB, if the UE can support both eMBB and URLLC transmission. If the bitwidth of OLPC parameter set indication field is 1 and the value of the OLPC parameter set indication field is set to 0, p0 for eMBB is determined from P0-PUSCH-AlphaSet. If the value of the OLPC parameter set indication field is set to 1, p0 for URLLC is determined from P0-PUSCH-Set. If PUSCH is transmitted repeatedly towards two TRPs for URLLC traffic, an additional p0-PUSCH-SetList can be configured to indicate p0 for URLLC per TRP. If there are two SRI fields in DCI and the value of the OLPC parameter set indication field is set to 1, p0 for TRP1 is determined from P0-PUSCH-Set that is included in the first p0-PUSCH-SetList and is associated with the first SRI. And p0 for TRP2 is determined from P0-PUSCH-Set that is included in the second p0-PUSCH-SetList and is associated with the second SRI. 
If occurrence of interference for one TRP by mTRP URLLC is expected due to pre-scheduled eMBB UE, UE can perform power boost for both TRPs. The power boost for the TRP that does not experience eMBB interference is not useless but it can help to increase more reliability by using p0 value for URLLC traffic. Especially, if the UE supports both eMBB and URLLC traffics then the 1-bit OLPC parameter set indication field can indicate whether to select URLLC or eMBB p0 values for both TRPs regardless of the interference experienced by either of the TRPs. 
As above, two fields of OLPC parameter set indication is not necessary and a single OLPC parameter set indication field is enough for determining two p0 values for mTRP URLLC transmission based on two SRI fields and an additional p0-PUSCH-SetList. 
Proposal 4. Two fields of OLPC parameter set indication is not necessary and a single OLPC parameter set indication field is enough for determining two p0 values for mTRP URLLC transmission based on two SRI fields and an additional p0-PUSCH-SetList.

0. PTRS-DMRS association for multi-TRP PUSCH repetition
The following is the agreement on PTRS-DMRS association for mTRP PUSCH repetition type B.
	Agreement
For single DCI based M-TRP PUSCH Type B repetition schemes, 
· For maxRank = 2, the number of bits for the indication of PTRS-DMRS association is the same as Rel-15/16, MSB and LSB separately indicating the association between PTRS port and DMRS port for two TRPs. 
FFS: the indication of PTRS-DMRS association for maxRank > 2.
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, 
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· 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.
· 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 maxRank = 2, it was agreed that MSB is used for TRP1 and LSB is used for TRP2. In this case, MSB and LSB can be interpreted differently depending on the total number of PTRS ports. If the total number of PTRS ports is 1, each bit is used to indicate the DMRS-PTRS association corresponding to each TRP as above. However, each bit should be interpreted depending on the actual number of PTRS ports based on SRI or TPMI if the total number of PTRS ports is 2. For example, when we assume that non-codebook based mTRP PUSCH is supported and two SRS resources indicated by the first SRI field is configured with one PTRS port, i.e., the number of actual PTRS ports is one, MSB of PTRS-DMRS association field is used to indicate one of two DMRS ports (left in Figure 4). Moreover, if two SRS resources indicated by the second SRI field are configured with two different PTRS ports, i.e., the actual number of PTRS ports is two, then, each DMRS port can be associated with each configured PTRS port irrespective of LSB of PTRS-DMRS association field (right in Figure 4). Similarly, PTRS-DMRS association field can be interpreted differently according to the total number of PTRS ports and the actual number of PTRS ports depending on indicated TPMI (PUSCH antenna port 1000 and 1002 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI share PT-RS port 1).
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Figure 4. Example of the association between PTRS ports and DMRS ports 
(NCB based mTRP PUSCH, maxRank = 2)
Proposal 5. For maxRank = 2, PTRS-DMRS association field should be interpreted differently according to the total number of PTRS ports and the actual number of PTRS ports that is indicated by SRI or TPMI.
In the previous meeting, rank restriction for mTRP PUSCH was not agreed. Therefore, the indication of PTRS-DMRS association for maxRank > 2 should also be discussed. One way to support maxRank > 2 is by adding one more PTRS-DMRS association field in DCI. However, the DCI overhead is already increased much because additional SRI/TPMI fields and other fields (e.g. TPC command if they will be agreed) to support mTRP PUSCH are introduced. Furthermore, PTRS-DMRS association has less priority relative to SRI/TPMI indication as the latter is directly related to mTRP PUSCH transmission. So, we consider a method to indicate the association for maxRank > 2 without increase of DCI overhead. When PTRS-DMRS association is enhanced for maxRank > 2 without increase of DCI overhead, the unified method can be supported for both cases of maxRank = 2 and maxRank > 2. I.e., 1 bit MSB is used for PTRS-DMRS association of TRP1 and the other 1 bit LSB is used for PTRS-DMRS association of TRP2. As details of Option 3, the candidates of DMRS ports can be defined depending on maxNrofPorts.
Proposal 6. Consider the indication method of PTRS-DMRS association for maxRank > 2 without increase of DCI overhead. To support unified solution for both maxRank = 2 and maxRank > 2, Option 3 is appropriate. 

0. PHR enhancement for mTRP PUSCH repetition
In RAN1#104b-e, the followings were discussed on PHR of mTRP PUSCH repetition.

	Agreement
For PHR reporting related to M-TRP PUSCH repetition, select one from the following options in RAN1 #105-e meeting. 
· Option 1:  Calculate one PHR associated with the first PUSCH occasion (earliest repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted) 
· Option 2: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them 
· FFS: How to select the PHR for reporting. 
· Option 4: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs 
· Option 5: No changes to legacy PHR reporting 



If UE reports PH (power headroom) that means the gap between maximum transmission power and actual (or reference PUSCH based) transmission power, gNB can know the condition of uplink channel and state of UE’s remaining transmission power. In Rel-17, separate PHR per TRP can be considered firstly because separate power control per TRP is supported for mTRP PUSCH transmission. When two PHs for both TRPs are reported, gNB can control the uplink transmission power efficiently by utilizing the information on the UE’s remaining transmission power per TRP. Therefore, we prefer Option 4 to support more efficient uplink power control. For Option 4, UE can calculate and report PHs per TRP thorough two SRI fields and enhanced TPC field(s) (TPC enhancement Option 1 ~ Option 4) in DCI when mTRP PUSCH repetition is scheduled by DCI format 0_1. 
Secondly, we can consider Option 2 also for PHR enhancement. In aspect of gNB’s knowledge of per TRP PHR, Option 4 is better than Option 2, but Option 4 requires the additional enhancement on PHR MAC CE signaling to report two PHs. Therefore, when Option 2 is supported, Rel-15/16 MAC CE for PHR can be reused by selecting one of two calculated PHs. For example, UE can report smaller value of a PH into gNB. Based on reported PH, gNB can adjust UE’s transmission power within the range of remaining transmission power. Because smaller value of PH is reported, both actual transmission powers for all TRPs (if pathloss (PLs) for both TRPs are not changed) do not exceed the UE’s maximum transmission power.
Proposal 7. To support more efficient transmission power control, we can consider PHR enhancement for mTRP PUSCH repetition. Therefore, Option 4 or Option 2 can be considerable to report PH(s) considering each TRP.

0. Default beam for DCI format 0_0 scheduled PUSCH
In Rel-17, we discussed the following options because there is possibility that PUCCH resource with the lowest ID is activated with two spatial relation info.
- Option 1: If the PUCCH resource with the lowest ID is activated with two spatial relation info, the spatial relation info with lower ID is used as the default beam for PUSCH scheduled by DCI format 0_0.
- Option 2: The PUCCH resource with the lowest ID is not activated with two spatial relation info.
We think all PUCCH resources can be used to support mTRP PUCCH repetition. Based on that approach, Option 1 is preferable because it doesn’t entail limitation of the spatial relation activation of the lowest ID PUCCH resource and that condition by Option 1 (follow the spatial relation info with lower ID) is not burden on UE. 
Proposal 8. Support Option 1. If the PUCCH resource with the lowest ID is activated with two spatial relation info, the spatial relation info with lower ID is used as the default beam for PUSCH scheduled by DCI format 0_0.

0. Dynamic switching based on new field in DCI
In last 104b-e meeting, there were working assumption to support the dynamic switching between mTRP and sTRP. 

	Working Assumption
For indicating STRP/MTRP dynamic switching for non-CB/CB based MTRP PUSCH repetition,
· Introduce a new field in DCI to indicate at least the S-TRP or M-TRP operation
· FFS: Whether the new field is 1 bit or 2 bits



As above working assumption, we can consider whether the new DCI field for dynamic switching is 1 bit or 2 bits. If we set the new DCI field as 2 bits, 3 codepoints can be used to indicate mTRP PUSCH transmission, sTRP PUSCH transmission with TRP1 and sTRP PUSCH transmission with TRP2. However, configuring the new field with 2 bits may be unnecessary as many cases could be handled by a new field with just a single bit. If the new field is 1 bit, that field can indicate whether PUSCH is transmitted into both TRP or one TRP. Then, if sTRP PUSCH transmission is indicated by the new field, the second SRI field can be reinterpreted to determine the TRP, i.e., one of two SRS resource sets that is related to TRP can be determined by the second SRI field. The first SRI field can indicate the SRS resources within the SRS resource set that is selected by the second SRI field. This 1 bit based dynamic switching can be applicable if the second SRI field exists. The existence of the second SRI field can be known by RRC configuration (e.g., maxRank, # of SRS resources in SRS resource sets (usage = ‘codebook’ or ‘nonCodebook’)) and the new field for dynamic switching can be 2 bits for the case of no second SRI field. Therefore, to reduce the DCI overhead, the bitwidth of new DCI field for dynamic switching can be 1 bit if the second SRI field exists and the bitwidth of new DCI field for dynamic switching can be 2 bits only for the case of no second SRI.
Proposal 9. To reduce the DCI overhead, the bitwidth of new DCI field for dynamic switching can be 1 bit if the second SRI field exists and the bitwidth of new DCI field for dynamic switching can be 2 bits only for the case of no second SRI.

0. Autonomous SRS beam update
In RAN1#102-e, it was agreed to consider multi-TRP repetition for CG based PUSCH. According to Rel-16, UL beam for CG based PUSCH is defined as that applied at the last SRS resource transmitted before the time when CG PUSCH is activated/configured, as depicted in Figure 5. However, a beam direction for SRS can be (incrementally) changed due to UE mobility or change of orientation so that the UE can still follow the configured/activated spatial relation for SRS. Even when the beam for SRS resource is updated, it would not be allowed for CG PUSCH transmission to apply the updated beam unless the CG PUSCH is reconfigured. Such a behaviour would cause UL performance degradation especially when UE mobility is moderate/high and UE performs autonomous beam update. To provide high reliability desired for the URLLC use case, it is needed to enhance the timing relationship between SRS and CG PUSCH for multi-TRP such that SRS beam update can be applied to CG PUSCH automatically as depicted in Figure 6. In this figure, following the discussion of Proposal 10, two SRS resources are considered for the CG PUSCH repetition, so that a beam X corresponding to SRS#1 is used for transmission of the first CG PUSCH repetition to TRP #1, and another beam Y corresponding to SRS#2 is used for transmission of the second CG PUSCH repetition to TRP #2. Also, beams X’ and X” show updated beams for SRS#1, and beams Y’ and Y” show updated beams for SRS#2, as the UE moves.

[image: ]
Figure 5. UL beam determination for CG PUSCH in Rel-16.
[image: ]
Figure 6. Proposed UL beam determination for CG PUSCH for Rel-17.

Proposal 10: Introduce enhanced timing relationship between SRS and CG PUSCH to allow automatic beam update for the CG PUSCH in order to follow the configured/activated spatial relation for SRS.

Conclusion
In this contribution, the following observations and proposals are given: 
PUCCH/PUSCH enhancements

Proposal 1. For PUCCH repetition Scheme 1, we can support Option 1 to obtain more diversity gain.
Proposal 2. The first and second SRI of indicated SRIs in slot n can be associated with the most recent transmission of SRS resources in the first and second SRS resource sets, respectively, identified by the SRI, where the SRS resources are prior to the PDCCH carrying the SRI.
Proposal 3. The two srs-PowerControlAdjustmentStates included in both SRS-ResourceSets have same value as sameAsFci2 or separateClosedLoop.
Proposal 4. Two fields of OLPC parameter set indication is not necessary and a single OLPC parameter set indication field is enough for determining two p0 values for mTRP URLLC transmission based on two SRI fields and an additional p0-PUSCH-SetList.
Proposal 5. For maxRank = 2, PTRS-DMRS association field should be interpreted differently according to the total number of PTRS ports and the actual number of PTRS ports that is indicated by SRI or TPMI.
Proposal 6. Consider the indication method of PTRS-DMRS association for maxRank > 2 without increase of DCI overhead. To support unified solution for both maxRank = 2 and maxRank > 2, Option 3 is appropriate. 
Proposal 7. To support more efficient transmission power control, we can consider PHR enhancement for mTRP PUSCH repetition. Therefore, Option 4 or Option 2 can be considerable to report PH(s) considering each TRP.
Proposal 8. Support Option 1. If the PUCCH resource with the lowest ID is activated with two spatial relation info, the spatial relation info with lower ID is used as the default beam for PUSCH scheduled by DCI format 0_0.
Proposal 9. To reduce the DCI overhead, the bitwidth of new DCI field for dynamic switching can be 1 bit if the second SRI field exists and the bitwidth of new DCI field for dynamic switching can be 2 bits only for the case of no second SRI.
Proposal 10: Introduce enhanced timing relationship between SRS and CG PUSCH to allow automatic beam update for the CG PUSCH in order to follow the configured/activated spatial relation for SRS.
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