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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.

Discussion
1 
2 
PDCCH enhancements
In Rel-16, multi-beam/-TRP based repetition for PDSCH is supported to achieve the target reliability for URLLC, e.g., up to the BLER of . However, Rel-16 doesn’t support PDCCH repetition except for the paging purpose. Considering that Rel-16 PDCCH is designed to meet the target requirement of , the reliability of physical downlink channel becomes bottlenecked by PDCCH. So, the main motivation to support PDCCH repetition with multi-beam/-TRP would be to improve the reliability of DL DCIs for PDSCH scheduling to the level comparable to that of PDSCH, e.g., up to .
Possible schemes for multi-TRP PDCCH repetition are enlisted in the last meeting as follows.
	Agreement
For PDCCH reliability enhancements, support SFN scheme + Alt 1-1. 
· FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR

Agreement
For PDCCH reliability enhancements with non-SFN schemes, support at least Option 2 + Case 1.

Working Assumption
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).



In Option 1, each TRP transmits a part of the encoded PDCCH so that high coding gain can be obtained. However, Option 1 is not suitable for FR2 scenario with blockage since the blockage at a TRP causes a large burst of erasure in the received PDCCH codeword at UE and such codeword is hard to be decoded. In Option 2, each TRP repeats an encoded PDCCH so that its coding gain might be lower than Option 1. But Option 2 is robust to blockage since even one TRP is blocked a UE can receive the whole PDCCH codeword from another TRP. In fact, Option 2 is an extension of existing eMTC type PDCCH repetition in LTE. In eMTC, DCI contents across all the repeated PDCCHs are the same including the number of repeated PDSCHs so that the UE can perform soft-combining across the repeated PDCCHs for better reliability. 
Option 3 is an extension of existing HRLLC type PDCCH repetition in LTE. In HRLLC, DCI contents across the repeated PDCCHs can be different. For example, when both PDCCHs and PDSCHs are repeated four times, the first PDCCH repetition is to schedule the four repeated PDSCHs, say PDSCH#1-#4. The second PDCCH repetition may be to schedule three repeated PDSCHs, PDSCH#2-#4, and so on. Since the DCI contents across the repeated PDCCHs can be different, soft-combining across repetitions is not possible at the UE side. 
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Figure 1. PDCCH repetition schemes in LTE.

For understanding UE complexity in decoding the PDCCH under option 2, the following agreement has been made. 
	Agreement
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, CCEs of the two PDCCH candidates are counted separately following Rel. 15/16 procedures. Further study the BD limit by considering the following
· With respect to the complexity associated with RE de-mapping / demodulation, 2 units are required
· With respect to the complexity associated with decoding, the following assumptions can be further discussed:
· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates
· Assumption 2: UE decodes individual PDCCH candidates
· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate
· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate
· Note 1: The Assumptions 1-4 are for discussion purpose only, and they may or may not have specification impact.
· FFS: The relationship between UE capability, RRC configuration, and the BD limit, and whether the Assumptions 1-4 are relevant for this purpose.
· Note 2: the BD /CCE limit here is counted based on the configuration of PDCCH monitoring capability (e.g. per slot or per span).



One thing to note is potential complexity of soft combining operation of PDCCH due to its blind nature. Such soft combining would need to be done candidate by candidate manner while acknowledging linkage between repetitions for every decoding attempt. Such candidate by candidate combining also implies that a UE needs to hold full LLR buffer of two separate SS’s until decoding of all candidates are done. Hence, careful consideration would be necessary with option 2 to reduce implementation impact. For example, the number of BD/CCE corresponding to repetitions may need to be limited. In any case, especially for Alt 3, a situation in which a UE needs to hold LLR buffer of first repetitions for long time while a UE also needs to monitor other MO’s including more of such first repetitions should be prevented. For example, whether to allow something like inter-slot option 2 or not needs to be discussed acknowledging implementation burden.
Proposal 1. Support both Option 2 and Option 3 for multi-TRP PDCCH repetition. Careful consideration of UE implementation complexity for Option 2 (repetition) is needed, with proper definition of UE behavior.

Based on the agreed options for PDCCH enhancements, the rule of how to count the number of PDCCH candidates and the number of non-overlapped CCEs should be reconsidered to take into account the additional complexity by applying soft combining scheme and/or by dealing with multiple TCI states regardless of soft combining. For example, for option 2 (repetition) with explicit linkage, the required number of BDs for every two linked candidates can be counted as follows:
· Counted as 1: it can be counted by 1 since two PDCCH candidates can be soft combined
· Counted as 2: since two PDCCH candidates can be decoded separately without soft combining, it can be counted as 2
· Counted as 3: since each PDCCH candidate can be decoded separately and additionally decoded by soft combining.
Our view is that selecting one from above three options can be based on the UE implementation and UE capability. Moreover, the maximum limit for the number of monitored PDCCH candidates and non-overlapped CCEs can be defined per slot or per span, but for the case of inter-slot TDMed PDCCH enhancement, not only counting BD/CCEs but also the maximum limit for them should be considered accordingly.
Proposal 2. Support modified counting rule and the maximum limit for the number of monitored PDCCH candidates and non-overlapped CCEs based on a manner of PDCCH enhancement: repetition, multi-chance.

Also, regarding the overbooking rule, the appropriate modification can be beneficial at least for repetition based scheme. If the number of PDCCH candidates and the number of non-overlapped CCEs exceed the limit, a part of all search space sets configured to UE can be selected based on the overbooking rule, i.e., common search space set with lower index is firstly selected, and if the limit is not exceeded despite of selecting all common search space sets, UE-specific search space set with lower index selected by priority until the limit is exceeded. Then, considering the repeated PDCCH candidates which are within a same search space sets, dropping a whole search space set due to the limit seems overkill, hence an enhancement enabling to select the subset of PDCCH candidates and CCEs would be needed at least for the repetition based scheme.
Proposal 3. Support modified overbooking rule enabling to select the subset of PDCCH candidates and CCEs in a common or UE-specific search space sets which include repeated PDCCH candidates.

Regarding the non-SFN based PDCCH repetition with Option 2, TDMed and FDMed manner can be possible to configure. Since TDMed repetition is already used in LTE (eMTC and HRLLC) and incurs the least UE complexity, TDMed repetition can be used as a baseline. Regarding FDM based PDCCH repetition, we need to carefully evaluate its benefit over TDMed repetition since they result in additional UE complexity for receiving multiple Rx beams simultaneously, as well as more specification impact to support multiple DMRS ports.
Proposal 4. Support TDM based PDCCH repetition as a starting point for Option 2.

For the agreed PDCCH enhancement options, PDCCH reception is associated with multiple TCI states for both SFN and non-SFN schemes. This leads to a contradiction for the existing default beam behavior for different downlink and uplink channels and some of the reference signals. For the case of SFN, since the CORESET is expected to be configured with multiple TCI states, the QCL assumption of the default beam can be one of or a combination of the TCI states configured for a CORESET. Similarly, for non-SFN scheme with Option2 + Case 1 + Alt3, if two CORESETs are linked for PDCCH reception, the default beam can be from either one of the CORESET or a combination of the TCI states from the linked CORESETs.
Proposal 5. For the new default beam behaviors, support both single TCI state and multiple TCI states configured for mTRP PDCCH scheme.  
 
The downside of PDCCH repetition in eMTC lies in its high latency because PDSCH can be scheduled only on the slots after PDCCH repetition ends. From the UE perspective, this scheduling restriction helps avoiding unnecessary buffering OFDM symbols anticipating PDSCH allocation before the end of PDCCH repetition. However, PDCCH repetition by HRLLC incurs lower latency compared to eMTC since the repeated PDCCH can be placed in the same slot as the scheduled PDSCH. Hence, for Option 2 with inter-slot PDCCH repetition, it is beneficial to have PDSCH scheduled at the earliest from the last slot with the PDCCH repetition. Similarly, for Option 2 with intra-slot PDCCH repetition, allow PDSCH scheduling from the same slot as PDCCH. 
Proposal 6. For inter-slot PDCCH repetition with Option2, support PDSCH scheduling only from the last slot with PDCCH repetition and for intra-slot PDCCH repetition with Option2, support PDSCH scheduling from the same slot.

For PUCCH resource determination for HARQ-ACK based on PDCCH repetition (Option2 + Case 1), the following agreement has been made in RAN1#103-e.
	Agreement
When DL DCI is transmitted via PDCCH repetition (Option2 + Case 1), for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight: 
· Alt 1: Ensure same start CCE index (based on linking options) and the same number of CCEs in the two CORESETs (based on CORESET configuration restriction)
· Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied
· FFS:  Which one of the linked PDCCH candidates is used.
· Alt 3: It is up to the UE to determine the PUCCH resource based on the starting CCE index and number of CCEs in the CORESET of any of the two linked PDCCH candidates
· Other alternatives are not precluded.



Especially for the scenario Option2 +Alt3 (2 CORESETs , 2 SSs), the PDCCH repetition is configured across two CORESETS. This leads to the ambiguity of determining PUCCH resources for HARQ-Ack. Ensuring both the configured CORESETs to have same start CCE and same number of CCEs across both the CORESETs as defined in Alt1 of the above agreement will impose unnecessary constrains on the CORESET configuration at the UE. Also Alt3 of the above agreement is too generic for the gNB and UE, and requires additional effort to have the same understanding of the PUCCH resource. Hence having a solution based on Alt2, where a configuration states which CORESET is to be used for PUCCH resource determination. The configuration can either be done by the gNB or be pre-defined at the UE.
Proposal 7. For PDCCH repetition with Option2 + Alt3, support PUCCH resource determination based on one of the configuration CORESETs, where the CORESET is selected either by the gNB or the UE.

PUCCH/PUSCH enhancements
In the current specification, PUCCH/PUSCH repetition is only supported based on a single-TRP which can be a bottleneck for the reliability of whole system when multi-TRP based PDSCH repetition is adopted. Especially in FR2, when a link between a UE and a TRP is affected by blockage, the PUCCH/PUSCH repetition based on single-TRP would not be reliable anymore. However, when repetitive transmissions are performed across multiple links between a UE and multiple TRPs, such repetition can be more reliable due to macro diversity especially when the blockage exists. Hence multi-TRP based PUCCH/PUSCH repetition should be adopted. Since multi-TRP based PDSCH repetition is based on the single-DCI framework, multi-TRP based PUCCH/PUSCH repetition can also start from single-DCI based framework.
Proposal 8. Support multi-TRP based PUCCH/PUSCH repetition by using single-DCI based framework as a starting point.

In Rel-15/16 PUCCH/PUSCH repetition for single-TRP, the number of allocated RBs is the same across the whole repetitions. However, in multi-TRP scenario, the same RB allocation isn’t efficient since distances between a UE and different TRPs usually vary. The longer (shorter) the distance between a UE and a TRP is, the larger (smaller) pathloss the UE would experience and need to compensate by allocating smaller (larger) number of RBs for it. Hence, studying flexible resource allocation per TRP is desired as well as utilizing different parameters, e.g., pathloss, power control, beam/QCL related information, per TRP for PUCCH/PUSCH repetition.
Based on the above understanding, the following two options can be taken into account to support multi-TRP based PUCCH repetition.

Opt.1) Multi-TRP based PUCCH repetition with single PUCCH resource: 
When a UE repeatedly transmits the same PUCCH to multiple TRPs, in receiver perspective, the gNB can perform soft combining for all received signals of multi-TRP. However, for the transmitter perspective, the same resource allocation should be utilized across PUCCH repetition and it could be inefficient when the path-loss difference between TRPs is large.

Opt.2) Multi-TRP based PUCCH repetition with multiple PUCCH resources:
Flexible resource allocation across PUCCH repetition is enabled by using multiple PUCCH resources where different PUCCH resources are transmitted to different TRPs. However, since the soft combining between different PUCCHs is generally not allowed, the receiver would independently decode repeated PUCCHs, i.e., selection based decoding.
Figure 2 shows the BLER performance of soft combining based receiver vs. selection based receiver in FR2. The detailed simulation parameters are summarized in Table 1. PUCCH format 3 with the same resource allocation across repetition is considered, and the number of PUCCH repetition is set to 2 for all the results. It is observed that for both low (10%) or high (80%) blockage probability, both multi-TRP repetition with soft combining and selection outperform the single-TRP repetition. Comparing soft combining to selection for multi-TRP repetition, the performance difference is lower than 1 dB for both low or high blockage probability. It implies that Opt.2) with same RB allocation can achieve almost the same performance as Opt.1), which can be further improved by enabling flexible RB allocation.
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Figure 2. BLER performance of PUCCH format 3 at FR2.
Observation 1. In FR2 with blockage, the reliability gain from multi-TRP based PUCCH repetition over single-TRP based PUCCH repetition is substantial.
Observation 2. In FR2, the performance gain from soft combining is marginal in multi-TRP based PUCCH repetition.
Proposal 9. Support the use of multiple PUCCH resources for multi-TRP based PUCCH repetition.
Rel-16 activates one spatial relation per PUCCH resource for beam management and power control of PUCCH. So, if we are to apply multi-TRP based repetition for single PUCCH resource, enhancements are needed to activate multiple spatial relations for different transmission occasions of a PUCCH resource. However, if we use multiple PUCCH resource for multi-TRP based repetition, those PUCCH resources can be targeted to different TRPs by reusing the current framework for spatial relation.
Observation 3. Rel-16 spatial relation framework can be reused for beam management and power control of multi-TRP based PUCCH repetition, when multiple PUCCH resources are used for repetition.

In RAN1#103-e, several schemes and PUCCH formats for multi-TRP PUCCH transmission were discussed and some of them were agreed as follows.
	Agreement
For multi-TRP PUCCH transmission schemes.  
· Support multi-TRP inter-slot repetition (Scheme 1)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more slots carries a repetition of the UCI. 
· FFS: Number of repetitions
· Further study the support (one or both) of the following schemes
· Multi-TRP intra-slot beam hopping (Scheme 2)
· UCI is transmitted in one PUCCH resource in which different sets of symbols within the PUCCH resource have different beams.
· FFS: More than 2 beam hopping instances per PUCCH resource.
· Multi-TRP intra-slot repetition (Scheme 3)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more sub-slots within a slot carries a repetition of the UCI. 
· Note1: whether to support two PUCCH resources or the same PUCCH resource with different beams for Scheme 1 and 3 to be discussed separately. 

Agreement
For multi-TRP PUCCH transmission schemes,
· For Scheme 1, at least PUCCH format 1/3/4 can be used.
· FFS: Support of PUCCH format 0/2 for Scheme 1
· FFS: Support of PUCCH formats for Scheme 2 and/or Scheme 3 (if schemes are agreed).



In Rel-16, PUCCH repetition is not supported for short PUCCH since short PUCCH is not used for providing large coverage. However, in multi-TRP based PUCCH repetition, using short PUCCH for repetition can provide substantial reliability enhancement due to the macro-diversity gain and robustness to blockage, especially in FR2. Figure 3 shows the BLER performance comparison between single-TRP based long PUCCH without repetition and multi-TRP based short PUCCH repetition. For fair comparison, the total number of OFDM symbols are the same across the two cases. It is shown that multi-TRP based short PUCCH repetition outperforms long PUCCH transmission in both non-blockage and blockage scenario.
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Figure 3. BLER performance for multi-TRP short PUCCH repetition and single-TRP long PUCCH transmission.

Observation 4. Multi-TRP based short PUCCH repetition outperforms single-TRP based long PUCCH transmission in both non-blockage and blockage scenario.
Proposal 10. Support short PUCCH format for multi-TRP based repetition.

On the granularity of repetition for PUCCH, Multi-TRP inter slot repetition (Scheme 1) for long PUCCH was agreed in RAN1#103-e meeting. However, it is under discussion whether multi-TRP intra-slot repetition (Scheme 3) is to be supported because some companies had concerns on the parallel discussion. Although sub-slot based PUCCH repetition is discussed in IIoT session, multi-TRP intra-slot repetition should be discussed because beam and power related issues could be considered in MIMO. If short PUCCH repetition is supported while not supporting intra-slot repetition, it incurs inefficient UL resource usage as well as large latency. Furthermore, when intra-slot repetition is used, UE may need transient time across repetitions for power ramping & beam switching. For example, in current RAN4 specification, when Tx power changes across short PUCCHs that are transmitted successively, a blank symbol is mandated to preserve power ramping time between the short PUCCHs as shown in Figure 4. Besides, when those PUCCHs are transmitted with different UL beams, additional offset between PUCCHs may be necessary to ensure beam switching time required for certain UE implementation. Based on the above reasoning, it is necessary to introduce a symbol level offset between repetitions with power/beam changes. While multiple PUCCH resources are allocated for multi-TRP based repetition, above requirement on transient time can be satisfied implicitly by proper configuration of starting symbol per PUCCH resource.
Proposal 11. Support intra-slot level repetition for multi-TRP based PUCCH repetition
· Introduce symbol level offset between PUCCH repetitions with power/beam changes
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Figure 4. Transient time between successive UL transmissions required in Rel-16.

In Rel-17, enhancements on multi-TRP based PUCCH transmission is required for FR1 as well as FR2. However, as PUCCH-SpatialRelationInfo is supported only for FR2 and omni-directional uplink beam could be utilized in FR1, it is enough to support separate PUCCH power control parameters for PUCCH repetition into different TRP (i.e. support Scheme 1, 2 or 3 in FR1 for all PUCCH formats). The following alternatives can be considered for separate PUCCH power control per TRP:
Alt.1: Enhance the default PUCCH power control without providing PUCCH-SpatialRelationInfo
Alt.2: Introduce PUCCH-SpatialRelationInfo to support separate PUCCH power control parameters for different TRP in FR1
Proposal 12. For PUCCH enhancements in FR1, it is enough to support separate PUCCH power control parameters for PUCCH repetition into different TRP and the following alternatives can be considered for separate PUCCH power control per TRP:
Alt.1: Enhance the default PUCCH power control without providing PUCCH-SpatialRelationInfo
Alt.2: Introduce PUCCH-SpatialRelationInfo to support separate PUCCH power control parameters for different TRP in FR1

The following is the agreement of the last RAN1#103-e meeting for closed-loop power control per TRP.
	Agreement
For PUCCH multi-TRP enhancements in FR2, 
· Support separate power control parameters for different TRP via associating power control parameters via PUCCH spatial relation info. 
· Note: No spec impact.
· For per TRP closed-loop power control for PUCCH, further study the following alternatives considering TPC command when the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are not the same.  
· Option.1: A single 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 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 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.
· FFS: Transition period for beam / power / frequency change. 
· FFS: Required power control enhancements for FR1

Agreement
For PUSCH multi-TRP enhancements, 
· For per TRP closed-loop power control for PUSCH, further study the following alternatives when the “closedLoopIndex” values are different.  
· Option.1: A single 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 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 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.
· FFS: Transition period for beam / power / frequency change.



In previous RAN1 meeting, it was agreed that per TRP closed power control for both PUCCH and PUSCH can be further studied. In Rel-15/16, the TPC value in DCI format 1_1/1_2 or 0_1/0_2 is applied to closed loop that is associated with scheduled PUCCH or PUSCH by the same DCI. However, an ambiguity in applying the TPC could occur as the scheduled multi-TRP PUCCH/PUSCH repetitions are associated with both closed loop indexes. Therefore, four options were agreed to solve this ambiguity. However, separate power control per TRP can be supported with separate p0 value and pathloss reference RS per TRP and the closed loop power control can be utilized for the optimized power control. Additionally, if multi-TRP based repetition is supported with two selected TRPs that the channel qualities between UE and TRP are similar, Option.1 can be sufficient for closed loop power control. If per TPR closed-loop power control is enhanced, Option. 2 can be considered. For Option. 2, more details are required, for example, which one of the two beams the TPC is applied to and whether the same TPC value might be applied to the other beam at different slot or not. 
Proposal 13. Prefer Option. 1 or Option. 2 for both PUCCH and PUSCH. For Option. 2, it is required to specify how to indicate one of two beams to apply the TPC value and how to indicate whether the TPC value is applied to one beam or two beams.

As the case of the PUCCH repetition, so a flexible resource allocation can be beneficial for the case of multi-TRP based PUSCH repetition. In order to allocate time/frequency resources flexibly across repetitions under single-DCI based framework, there are two alternatives: Alt.1) reinterpreting TDRA/FDRA fields in DCI, or Alt.2) adding additional resource allocation fields in DCI. However, both alternatives have problems, e.g., Alt.1 causes lower granularity of time/frequency resource allocation rather than that of the existing DCI field and Alt.2 requires an additional DCI overhead and causes degradation of the control channel reliability. A better way is to adopt the multi-DCI based framework for multi-TRP based PUSCH repetition.
Proposal 14. Support multi-DCI based multi-TRP PUSCH repetition scheme for flexible resource allocation across repetitions.

In previous RAN1#103-e meeting, it was agreed that up to two SRS resource set can be supported for both codebook and non-codebook based multi-TRP PUSCH repetition as follows. 
	Agreement
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  



In Rel-16, since only a single SRS resource set is configured for both codebook based or non-codebook based PUSCH transmission, the SRI indicated by DCI is naturally applied to the SRS resource set. However, since up to two SRS resource sets can be configured and a certain enhancement would happen to SRI field, the rule for associating between indicated two SRIs and two SRS resource sets. Simple one is that 1st and 2nd SRIs are applied to the 1st and 2nd SRS resource sets, respectively. Also, in Rel-16, the indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI. Likewise, when two SRS resource sets are configured and two SRIs are indicated by DCI (either single-DCI based or multi-DCI based), the 1st and 2nd SRI of indicated SRIs in slot n can be associated with the most recent transmission of SRS resources in the 1st and 2nd 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 SRS-ResourceSet can be different for each SRS resource set due to dealing with different TRPs. However, for the case of srs-PowerControlAdjustmentStates, which sets whether the power control of SRS and PUSCH is tied or not, it seems that same value as associating between SRS and PUSCH power control should be set for both SRS resource sets.
Proposal 15. Support the details when two SRS resource sets are configured for usage of both codebook and non-codebook based PUSCH
· 1st and 2nd SRI of indicated SRIs are applied to the 1st and 2nd SRS resource sets, respectively.
· 1st and 2nd SRI of indicated SRIs in slot n can be associated with the most recent transmission of SRS resources in the 1st and 2nd SRS resource sets, respectively, identified by the SRI, where the SRS resources are prior to the PDCCH carrying the SRI.
· Two srs-PowerControlAdjustmentStates included in both SRS-ResourceSets have same value as sameAsFci2.

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 16, 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.
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Figure 5. UL beam determination for CG PUSCH in Rel-16.
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Figure 6. Proposed UL beam determination for CG PUSCH for Rel-17.

Proposal 16. 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.

In RAN1#103-e, it was agreed to study the enhancements on PTRS-DMRS association. Since there are two different linkages between UE and TRPs, separate PTRS per TRP can be supported to track the phase for each channel. However, the enhancements on PTRS-DMRS association is certainly an optimization problem. Although there is no enhancement on PTRS-DMRS association for multi-TPR PUSCH, PTRS port(s) can be associated with DMRS ports by using same PTRS-DMRS association for both TRPs. Additionally, the one main necessity of PTRS is to support high order MCS because more accurate phase estimation is important. However, it is highly unlikely that a high MCS order is employed in it since multi-TRP based PUSCH repetition is supported to increase reliability. Therefore, the enhancement on PTRS is not necessary. 
Proposal 17. The enhancement on PTRS-DMRS association for single-DCI based multi-TRP PUSCH repetition is not necessary.

Conclusion
In this contribution, the following observations and proposals are given: 
Observation 1. In FR2 with blockage, the reliability gain from multi-TRP based PUCCH repetition over single-TRP based PUCCH repetition is substantial.
Observation 2. In FR2, the performance gain from soft combining is marginal in multi-TRP based PUCCH repetition.
Observation 3. Rel-16 spatial relation framework can be reused for beam management and power control of multi-TRP based PUCCH repetition, when multiple PUCCH resources are used for repetition.
Observation 4. Multi-TRP based short PUCCH repetition outperforms single-TRP based long PUCCH transmission in both non-blockage and blockage scenario.

Proposal 1. Support both Option 2 and Option 3 for multi-TRP PDCCH repetition. Careful consideration of UE implementation complexity for Option 2 (repetition) is needed, with proper definition of UE behavior.
Proposal 2. Support modified counting rule and the maximum limit for the number of monitored PDCCH candidates and non-overlapped CCEs based on a manner of PDCCH enhancement: repetition, multi-chance.
Proposal 3. Support modified overbooking rule enabling to select the subset of PDCCH candidates and CCEs in a common or UE-specific search space sets which include repeated PDCCH candidates.
Proposal 4. Support TDM based PDCCH repetition as a starting point for Option 2.
Proposal 5. For the new default beam behaviors, support both single TCI state and multiple TCI states configured for mTRP PDCCH scheme.  
Proposal 6. For inter-slot PDCCH repetition with Option2, support PDSCH scheduling only from the last slot with PDCCH repetition and for intra-slot PDCCH repetition with Option2, support PDSCH scheduling from the same slot.
Proposal 7. For PDCCH repetition with Option2 + Alt3, support PUCCH resource determination based on one of the configuration CORESETs, where the CORESET is selected either by the gNB or the UE.
Proposal 8. Support multi-TRP based PUCCH/PUSCH repetition by using single-DCI based framework as a starting point.
Proposal 9. Support the use of multiple PUCCH resources for multi-TRP based PUCCH repetition.
Proposal 10. Support short PUCCH format for multi-TRP based repetition.
Proposal 11. Support intra-slot level repetition for multi-TRP based PUCCH repetition
· Introduce symbol level offset between PUCCH repetitions with power/beam changes
Proposal 12. For PUCCH enhancements in FR1, it is enough to support separate PUCCH power control parameters for PUCCH repetition into different TRP and the following alternatives can be considered for separate PUCCH power control per TRP:
· Alt.1: Enhance the default PUCCH power control without providing PUCCH-SpatialRelationInfo
· Alt.2: Introduce PUCCH-SpatialRelationInfo to support separate PUCCH power control parameters for different TRP in FR1
Proposal 13. Prefer Option. 1 or Option. 2 for both PUCCH and PUSCH. For Option. 2, it is required to specify how to indicate one of two beams to apply the TPC value and how to indicate whether the TPC value is applied to one beam or two beams.
Proposal 14. Support multi-DCI based multi-TRP PUSCH repetition scheme for flexible resource allocation across repetitions.
Proposal 15. Support the details when two SRS resource sets are configured for usage of both codebook and non-codebook based PUSCH
· 1st and 2nd SRI of indicated SRIs are applied to the 1st and 2nd SRS resource sets, respectively.
· 1st and 2nd SRI of indicated SRIs in slot n can be associated with the most recent transmission of SRS resources in the 1st and 2nd SRS resource sets, respectively, identified by the SRI, where the SRS resources are prior to the PDCCH carrying the SRI.
· Two srs-PowerControlAdjustmentStates included in both SRS-ResourceSets have same value as sameAsFci2.
Proposal 16. 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.
Proposal 17. The enhancement on PTRS-DMRS association for single-DCI based multi-TRP PUSCH repetition is not necessary.
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	Values

	Carrier frequency / SCS
	30 GHz / 120 kHz

	Bandwidth
	100 MHz

	PUCCH format
	Format 0, 1, 3

	# of OFDM symbols
	4 symbols for format 1 and 3
1 and 2 symbols for format 0

	# of RBs
	1 RB

	UCI size
	20 + 11 bits for format 3
2 bits for format 0 and 1

	Frequency hopping
	Not applied

	Channel model
	CDL-A

	RMS delay spread
	30 ns

	UE speed
	3 km/h

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

	gNB antenna pattern
	38.802 Table A.2.1-6

	gNB orientation
	Mech. Tilt = 20 degree

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

	UE antenna pattern
	38.802 Table A.2.1-8

	UE orientation
	

	Port mapping
	(2D) 1 TXRU per panel per pole

	Channel estimation
	Practical (MMSE)

	Blockage
	10 dB power offset with probability p = {0.1, 0.8}

	# of repetitions
	2 

	Schemes
	Inter-slot TDM for format 3, intra-slot TDM for format 0

	# of TRPs
	1 (sTRP), 2 (mTRP)
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