


3GPP TSG RAN WG1 Meeting #104b-e                                                                  R1-2102661
e-Meeting, April 12th – April 20th,  2021

Source:              ZTE
Title:                   Multi-TRP enhancements for PDCCH, PUCCH and PUSCH
[bookmark: Source]Agenda Item:     8.1.2.1
Document for:   Discussion and Decision
Introduction
In Rel-16 discussion, PDSCH enhancements for multi-TRP have been specified, while PDCCH, PUCCH and PUSCH are remained to be enhanced due to the lack of time. In RAN#86, the Rel-17 WID of further enhancements on MIMO for NR is approved [1]. In order to complete the multi-TRP enhancement for all channels, in the approved WID, a particular point is to improve reliability and robustness for channels other than PDSCH, targeting for both FR1 and FR2. The detail is given as follows.
	Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 


In RAN1#104-e meeting, some progresses were made for PDCCH, PUSCH and PUCCH enhancements respectively. In this contribution, we provide our views and simulation results for some potential enhancements.
Discussion
 PDCCH enhancement
We discuss remaining issues for PDCCH reliability enhancements based on multi-TRP in this section.
Inter slot/span PDCCH repetition
The previous meeting has agreed the intra-slot PDCCH repetition, which should contain intra-span PDCCH repetition in our view. Because a slot has several spans, and each span occupies the time duration of 2 or 3 symbols, if linked PDCCH candidates detected in two CORESETs are always restricted in a same span, a PDCCH congestion may occur. So we support inter-span PDCCH repetition under the premise of intra-slot PDCCH repetition. Furthermore, only support of intra-slot PDCCH restricts scheduling flexibility, so inter-slot PDCCH repetition should be supported as well. Whether latency is an issue depends on gNB implementation, e.g., inter-slot PDCCH repetitions can be configured in the successive slots to reduce latency.
Proposal 1-1: Support inter-span and inter-slot PDCCH repetition.
Blind detection
In last meeting, the following agreement is achieved for blind detection:
	Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, down-select one of the following options in RAN1 #104-bis-e
· Option 1: UE reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X.
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 2: UE reports whether it supports soft-combining or not
· If soft-combining is supported, UE further reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X. 
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 3: UE reports one or more decoding assumptions out of decoding assumptions 1-4
· Number of BDs for decoding assumptions 1: 
· Alt1: 2 BDs
· Alt2: A value between 1 and 2 BDs
· Number of BDs for decoding assumption 2: 2
· Number of BDs for decoding assumption 3: 2
· FFS: Other values
· Number of BDs for decoding assumption 4: 3
· FFS: Other values
· Option 4: Always 2 BDs are assumed irrespective of UE’s decoding assumption 
· Option 5: Always 3 BDs are assumed irrespective of UE’s decoding assumption 
· FFS: Network configuration based on the above UE capabilities for options 1-3
Note: Specification should not be designed in such a way that the UE is required to disclose it receiver implementation


4 decoding assumptions are listed in RAN1#103e considering UE capability. If the above option 1, 4 or 5 is adopted, i.e., setting fixed BD numbers irrespective of UE’s decoding assumption, 
· On the first hand, it becomes useless to define and distinguish different decoding assumptions; 
· On the other hand, these options lack flexibility compared with option 3. 
Furthermore, decoding assumption 1, 3 and 4 require soft combining. Option 2 means if UE adopts assumption 1, 3 and 4, fixed BD number will be adopted by UE, which is not appropriate because these assumptions naturally have different complexity and consume different size of storage at UE side. In general, UE should determine BD number for 2 PDCCH candidates according to different decoding assumptions, i.e., option 3 is supported.
Proposal 1-2: For BD number of 2 PDCCH candidates, support option 3.
In option 3, because the complexity of polar decoding is assumed as the largest among all the receiving procedures, if the 2 linked PDCCH candidates are in different slots or spans, how to distribute the BD number to different slots/spans in order for overbooking decision becomes an important issue. In our view, the CCE demapping and channel estimation should consume smaller number of blind detection than the polar decoding operation at UE side. That is, the former slot or span should be counted smaller number of BD counting compared with the later slot or span in which combining and polar decoding operation are performed.
To illustrate the BD counting rules of 4 assumptions, the premise is claimed as below. The 2 linked PDCCH candidates, namely candidate x and candidate y, are treated as a PDCCH candidate pair; candidate x and candidate y are in SS1 associated with CORESET1 and SS2 associated with CORESET2, respectively. Assuming that the BD counter of each PDCCH candidate pair is denoted as X, which can be split into two parts: the BD counter of  candidate x is denoted as X1, the BD counter of candidate y is denoted as X2. The BD counter of PDCCH candidate pair X equals to the sum of  X1 and X2, i.e. X=X1+X2.
Under this major premise, the figure 2.1-1 depicts that candidate x and candidate y are in different slot or span. For option 3:
· Assumption 1, X=2 or X=1.x: at slot n or span n, the UE processing of DCI on candidate x will only be CCE demapping rather than the whole decoding procedure, so X1＜1; At slot n+1 or span n+1, the processing of DCI on candidate y will be both CCE demapping of the candidate y and polar decoding of combined candidate x and y. Due to the complexity of polar decoding is the largest among all the receiving procedures, the counter of candidate y should be equal to 1, i.e. X2=1. So 1<X=X1+X2<2, which is alt 2 in the first bullet of option 3.
· For example, for a single PDCCH candidate, if we consider procedure of CCE demapping before polar decoding as the counter 0.2, the polar decoding as the counter 0.8, then X1=0.2 is for procedures before decoding of candidate x, X2=1 is for procedures before decoding of candidate y and for polar decoding of candidate x and y, so X=1.2.
· Assumption 2, X=2: candidate x and candidate y are CCE demapped and decoded individually, so the counter of candidate x and candidate y are the same, i.e., X1=X2=1, and X=2.
· Assumption 3, X=2: at slot n or span n, DCI on candidate x will be decoded completely; At slot n+1 or span n+1, DCI on candidate y will be CCE demapped and channel estimated, then the data after channel estimation are combined and decoded for once for the combined candidate x and y. 
· For example, X1=1 is for completely decoding of candidate x, and X2=1 is for procedures before decoding of candidate y and decoding of candidate x and y, so X=2. 
· Assumption 4, X=3: if the BD counter X of candidate x and candidate y pair equals to 3, at slot n or span n, DCI on candidate x will be decoded completely, so X1=1; at slot n+1 or span n+1, DCI on candidate y will be decoded completely. Further, the data after channel estimation are combined and decoded at slot n+1 or span n+1, so the BD counter at later slot or span should be larger than the counter of former slot or span, i.e. X2>X1=1. 
· For example, X1=1 is for decoding completely of candidate x, and X2=2 is for decoding completely of candidate y and decoding of combination of candidate x and y, so X=3.
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Figure 2.1-1: Candidate x and candidate y are in different slots
Proposal 1-3: For decoding assumption 1, 3 and 4, the former slot or span should be counted with smaller BD number compared with the later slot or span.

Reference PDCCH candidate
	Agreement
Study whether / how to resolve the following potential issues in the case of PDCCH repetition:
· Issue 1: Starting symbol for PDSCH mapping type B as well as reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured).
· Issue 2: Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)
· Issue 3: When PDCCH repetitions are associated with different CORESETPoolIndex values, and the need to use one of them as reference for PDSCH scrambling / CRS rate matching / HARQ-Ack / etc. 
· Whether PDCCH repetition can be used with multi-DCI based multi-TRP.
· Issue 4: Whether single-TRP PDCCH repetition is supported by reusing the agreed framework.


As shown in the above agreement achieved in RAN1#104e meeting, if two PDCCH candidates are linked, there are four remaining issues to be solved as the following analysis. 
Issue 1:
Based on  38.214 in Rel-16, if configured with referenceOfSLIVDCI-1-2, and when receiving PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0, and PDSCH mapping Type B, the starting symbol S is relative to the starting symbol S0 of the PDCCH monitoring occasion where DCI format 1_2 is detected. 
However, the 2 repeated PDCCH candidates may be detected in different MOs in Rel-17. In our view, it is natural to use the later scheduled PDCCH candidates as the reference PDCCH candidate, and the starting symbol S is relative to the starting symbol of the reference PDCCH monitoring occasion, no matter the reference PDCCH candidate is successfully detected or not. Then, it can ensure the scheduled PDSCH symbol not earlier than the scheduling PDCCHs. 
Proposal 1-4: Support to use the later scheduling PDCCH candidates as the reference PDCCH to determine the starting symbol for PDSCH mapping type B as well as reference symbol for SLIV.
Issue 2:
In Rel-16, if TCI is not present in DCI and the scheduling offset is equal to or larger than timeDurationForQCL, UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission within the active BWP of the serving cell. In the case when the 2 PDCCHs are activated with different TCI states and neither of them contain TCI field, the PDSCH can follow the activated TCI state of the PDCCH scheduling by the CORESET with the lowest CORESET id, because the CORESET with the lowest CORESET id is widely used in many other cases. 
Proposal 1-5: Support PDSCH to follow the activated TCI state of the PDCCH scheduling by the CORESET with the lowest CORESET id if  TCI field is not present in DCI.
Issue 3:
When PDCCH repetitions are associated with different CORESETPoolIndex values, the reference PDCCH of CRS rate matching and PDSCH scrambling can be chosen out of many alternatives:
· The PDCCH candidate that scheduled in the earlier/later time; 
· The PDCCH candidate associated with the largest/smallest CORESETPoolIndex; 
· The PDCCH candidate associated with largest/smallest CORESET/SS id. 
Considering simplicity and consistency, the reference PDCCH of issue 3 can be the same as issue 2, i.e., the PDCCH candidate related to the CORESET with the lowest CORESET id.
Proposal 1-6: Support CRS rate matching pattern and PDSCH scrambling ID to follow the CORESET with the lowest CORESET id.
Issue 4:
In our view, single-TRP PDCCH repetition can be applied to achieve the PDCCH reliability without extra specification effort, so it should be supported.
Proposal 1-7: Support single-TRP PDCCH repetition by reusing the agreed framework.

PUSCH enhancement
In RAN1#104-e meeting, the following agreements were reached for MTRP PUSCH enhancement [2].
	Agreement#1
For single DCI based M-TRP PUSCH repetition Type B, support the following RV mapping,
· DCI indicates the first RV for the first PUSCH actual repetition, and the RV pattern (0 2 3 1) is applied separately to PUSCH actual repetitions of different TRPs with a possibility of configuring RV offset for the starting RV for the first actual repetition towards second TRP (The same method as PDSCH scheme 4).
Agreement#2
Support CG PUSCH transmission towards M-TRPs using a single CG configuration. 
· Use same beam mapping principals as dynamic grant PUSCH repetition scheme. 
· FFS: Required changes on CG parameters (ConfiguredGrantConfig) 
· The feature is UE optional
Agreement#3
For single-DCI based M-TRP PUSCH repetition schemes, up to two power control parameter sets (using SRI-PUSCH-PowerControl) can be applied when SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2. 
· FFS1: Details on linking SRI fields to two power control parameters, 
· Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· Alt. 2: Add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID
· Alt. 3: Let RAN2 handle this
· Alt. 4: Add second sri-PUSCH-PathlossReferenceRS-Id/ sri-P0-PUSCH-AlphaSetId/ sri-PUSCH-ClosedLoopIndex in SRI-PUSCH-PowerControl.
· FFS2: Enhancements on open-loop power control parameter set indication
· FFS3: Consideration on srs-PowerControlAdjustmentStates
· FFS4: Impact of multi-TRP PUSCH repetition on PHR reporting
· FFS5: Enhancement on power control parameters per TRP when SRI(s) indication of two SRS resource sets is absent.
Agreement#4
Further study following alternatives to support per TRP closed-loop power control for PUSCH , select from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams
· Option.2: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot.
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 0_1 / 0_2.
· Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.
Agreement#5
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH, 
· Support two SRI fields corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the SRI field based on Rel-15/16 framework
· Support dynamic switching between multi-TRP and single-TRP operation 
· FFS: Support dynamic switching the order of two TRPs
Conclusion
Strive to reuse the specification support for dynamic indication of number of repetitions introduced in the Rel-17 coverage enhancement work item for multi-TRP operation. Decide whether further enhancements for multi-TRP operation are necessary in RAN1#106bis. No further discussion on this topic until RAN1#106bis under agenda item 8.1.
Agreement#6
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#7
For s-DCI based multi-TRP PUSCH repetition Type A and B, if the DCI schedules A-CSI, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the X-th PUSCH repetition corresponding to the second beam.
· For PUSCH repetition Type A, X=1 (the first PUSCH repetition corresponding to the second beam) 
· For PUSCH repetition Type B, the first actual PUSCH repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are considered, 
· The UE does not expect the first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam to have a single symbol duration (similar restriction as in Rel-16 NR for the single TRP case).
· The first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are expected to have the same number of symbols
· FFS: X = 1 or X = the first actual repetition corresponding to the second beam that contains the same number of symbols as the first actual repetition with the first beam
· FFS: Any further restrictions/enhancements needed on supporting A-CSI multiplexing on PUSCH repetitions
· FFS: whether to support multiplexing SP-CSI/P-CSI on PUSCH repetitions towards multiple TRPs.
Agreement#8
Further study following aspects related to beam mapping and default behaviors for multi-TRP PUCCH/PUSCH schemes,  
· Whether enhancements needed on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols
· Whether frequency hopping is performed among the repetitions with the same beam
· Whether defining default beam for PUSCH is needed when PUSCH scheduled by DCI format 0_0 when two spatial relation info’s are configured for a PUCCH resource
Agreement#9
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH,
· Two TPMI fields are indicated in DCI formats 0_1/0_2.
· The first TPMI field uses the Rel-15/16 TPMI field design (which includes TPMI index and the number of layers) of DCI format 0_1/0_2. The second TPMI field only 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
Agreement#10
For single DCI based M-TRP PUSCH repetition schemes, in non-codebook based PUSCH,
· Support two SRI field(s) corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the first SRI field based on Rel-15/16 framework,
· Support the same number of layers applied over repetitions
· FFS: details of second SRI field including the specification change for Table 7.3.1.1.2-28/29/30/31 in 38.212.
· Support dynamic switching between multi-TRP and single-TRP operation
· FFS: whether/how to use SRI field(s) and additional details of SRI field(s) interpretations
· FFS: Minimizing the DCI overhead for PUSCH repetition Type A as a result of number of layers being limited to 1 when more than one repetition is scheduled.
· FFS: Support dynamic switching the order of two TRPs
· Companies are encouraged to provide total payload size of the two SRI fields and scheduling restriction, if any


In this section, we discuss the following aspects to address the remaining issues of MTRP PUSCH enhancements:
· Indication of dynamic switching between STRP and MTRP operation
· Indication of PTRS-DMRS association
· Aspects of power control
· Single CG based MTRP PUSCH repetition
Indication of dynamic switching between STRP and MTRP operation
In the last meeting, RAN1 agreed to use two TPMI/SRI fields for codebook based MTRP PUSCH transmission scheme, and also agreed to use two SRI fields for non-codebook based MTRP PUSCH transmission scheme. The details of such enhancements can be found in above Agreement#5, 9 and 10. 
As of now, there is still one open issue about how to indicate STRP/MTRP dynamic switching for both CB and NCB schemes of single DCI based MTRP PUSCH repetition. Here, our solutions of this indication for these two schemes are discussed separately as follows.
Codebook based scheme
On the solution of indicating STRP/MTRP dynamic switching, one straight-forward way is to add an indication field in DCI for this dynamic switching. By this way, at least 2 bits are needed for the overhead of this indication field, which includes three values {0, 1 and 2} corresponding to three operations {STRP#1, STRP#2, and MTRP with TRP#1 & TRP#2}. However, it is evident that this solution will lead to the increase of DCI overhead.
To fulfill STRP/MTRP dynamic switching as well as to minimize DCI overhead, another solution is to exploit some available entries in fields of DCI. In the last meeting, RAN1 agreed that the second SRI/TPMI fields are included in DCI for multi-TRP PUSCH repetition scheme. More specifically, it was agreed that: (1) For the design of two SRI fields, each SRI field indicates SRI per TRP and using the Rel-15/16 SRI field design. (2) For the design of two TPMI fields, the first TPMI field uses the Rel-15/16 TPMI field design which indicates the first TPMI index and the number of layers, the second TPMI field only indicates the second TPMI index. 
It can be seen that the overhead of the second TPMI field can always be less than the first, and the overhead of the two SRI fields are always equal to each other. Thus, some entries in the second TPMI field can be used to indicate dynamic switching between STRP and MTRP operations to minimize of DCI overhead. For example, in the case of PUSCH transmitted by the 4 full-coherent ports UE, the overhead of the second TPMI field is 5 bits with 32 entries as shown in Figure 2.2-1. Furthermore, when the index of the second TPMI field is any one out of 0 to 27, it means that the UE transmits PUSCH based on MTRP operation, and the first TPMI field and the second TPMI field are used for TRP#1 and TRP#2, respectively. When the index of the second TPMI field is 30 (or 31), it means that the UE transmits PUSCH based on STRP operation and the information of precoder and rank value which indicated by first TPMI field is used for TRP#1 (or TRP# 2).
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Figure 2.2-1: The second TPMI field of 4 full-coherent ports based MTRP PUSCH scheme
For the sake of legibility, the details of the second TPMI field design for total 18 cases which correspond to the Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in current TS38.212 can be found in Appendix - section 5.1, and where two entries in each second TPMI field are used for the indication of TRP selection for STRP operation. Here, the statistical results of whether extension bit is needed for the second TPMI field are shown in Table 2.2-1, and it is observed that there are at least two reserved entries can be used in 9 out of 18 cases, and the other 9 out of 18 cases need to extend the second TPMI field with only 1 bit to provide two entries for STRP/MTRP dynamic switching indication. 
For comparison, when utilizing the SRI fields or the second SRI field to indicate the dynamic switching between STRP and MTP operation, 2 bits for SRI field extension is always needed in each case to enable this feature, due to RAN1 agreed that two SRI fields are same as R15/16 design framework. Besides, when there is only one SRS resource in each SRS resource set, up to 2 bits can be saved via indicating by the second TPMI field when compared with extension of the SRI field(s), because the two SRI fields can be absent when using the second TPMI field to indicate STRP/MTRP dynamic switching.
Table 2.2-1: Whether extension with 1 bit is needed for the second TPMI field when indicating STRP/MTRP dynamic switching for 4 antenna ports based codebook.
	Table
	codebookSubset = fullyAndPartialAndNonCoherent
	codebookSubset= partialAndNonCoherent
	codebookSubset= nonCoherent

	7.3.1.1.2-2
	√
	√
	√

	7.3.1.1.2-2A
	⚪
	×
	√

	7.3.1.1.2-2B
	⚪
	×
	×

	7.3.1.1.2-3
	√
	√
	×

	7.3.1.1.2-3A
	⚪
	×
	√

	7.3.1.1.2-4
	√
	⚪
	×

	7.3.1.1.2-4A
	⚪
	⚪
	×

	7.3.1.1.2-5
	√
	⚪
	×

	7.3.1.1.2-5A
	⚪
	⚪
	×


Note: ‘√’ denotes any extension is NOT needed; ‘×’ denotes the extension with 1 bit is needed; ‘⚪’ denotes invalid case.
With the above analysis, indicating STRP/MTRP dynamic switching via the second TPMI field can minimize DCI overhead. Thus, we suggest to adopt the following proposal.
Proposal 2-1: Support to utilize the second TPMI filed to indicate STRP/MTRP dynamic switching for CB based MTRP PUSCH repetition scheme.

In the last meeting, one FFS was raised for whether to support single TPMI used for PUSCH repetitions towards different TRPs. Here, as shown in Figure 2.2-2, we provide the correlation of {channel matrices of two TRPs which obtained from system-level simulation (denoted as H1 and H2)},  {two randomly selected TPMI from codebook of 4-port based PUSCH}, and {two randomly generated vectors}. It can be seen that the trend of the three curves is consistent, which means that the channels towards different TRPs are uncorrelated. This simulation shows that due to different channel conditions of links between UE and multiple TRPs, performance loss is expected if one single TPMI is used for multiple TRPs. Hence the motivation of this FFS seems unclear.
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Figure 2.2-2: Correlation of channel matrices towards different TRPs, two randomly selected TPMIs, and two randomly generate vectors
Besides, we also provide system-level simulation results in Figure 2.2-3 of the performance comparison between single TPMI (which is FFS) and two individual TPMIs (which have been agreed) for CB based MTRP PUSCH repetition scheme, wherein PUSCH is transmitted by the 4 full-coherent ports UE. Other detailed simulation assumptions are summarized in Table 5.3-1 in the Appendix. 
It can be seen that PUSCH repetition over two TRPs with one same TPMI performs much worse than two individual TPMIs. Thus, there is no benefit to support the feature that one same TPMI shared towards two TRPs for CB based MTRP PUSCH repetition scheme.
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Figure 2.2-3: SLS based performance comparison: one same TPMI v.s. two individual TPMIs for CB based MTRP PUSCH repetition scheme
Based on the simulation results presented in Fig. 2.2-2 and 2.2-3, we have the following observation.
Observation 2-1: It will lead to a huge performance loss when sharing one same TPMI towards two TRPs for CB based MTRP PUSCH repetition scheme.

Non-codebook based scheme
One FFS about whether/how to use SRI field(s) to perform dynamic switch between STRP and MTRP was raised in the last meeting. A unified design is to utilize the second SRI field to indicate STRP/MTRP dynamic switching and to minimize DCI overhead for NCB scheme, which is similar with utilizing the second TPMI field for CB scheme as we elaborated above.
Specifically, in the case of PUSCH transmitted by the 4 full-coherent ports UE and the maximum rank is 4, the overhead of the second SRI field is 3 bits with 8 entries as shown in Figure 2.2-4. Furthermore, when the index of the second SRI field is any one out of 0 to 5, it means that the UE transmits PUSCH based on MTRP operation, and the first SRI field and the second SRI field are used for TRP#1 and TRP#2, respectively. When the index of the second SRI field is 6 (or 7), it means that the UE transmits PUSCH based on STRP operation and the transmission information which indicated by first SRI field is used for TRP#1 (or TRP# 2).
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Figure 2.2-4: Indicating STRP/MTRP dynamic switching by using the second SRI filed
Likewise, the details of the second SRI field design for total 12 cases which correspond to Tables 7.3.1.1.2-28/29/30/31 in current TS38.212 can be found in Appendix - section 5.2, and where two entries in each second SRI field is used for the indication of TRP selection when STRP operation. 
As per the above solutions for the indication of STRP/MTRP dynamic switching, it can be seen that the design and rationale of NCB based via the second SRI field is in alignment with CB based via the second TPMI field. Overall, the intention of the above solutions are: (1) adopt the unified design from the perspective of rank indication for both codebook and non-codebook based MTRP PUSCH schemes; (2) enable dynamic switching between STR and MTRP operation as well as minimize the DCI overhead; (3) clearly indicate the mapping between SRIs and TRPs no matter CB or NCB operation; (4) easily and intuitively configure the mapping between SRI and power control parameters of PUSCH with low spec impact; (5) guarantee the specs to be legibility and make the less spec effort. Thereby, it makes sense to use the second SRI field to indicate dynamic switching between STRP and MTRP operations as well as minimize DCI overhead.
Proposal 2-2: Support to utilize the second SRI filed to indicate STRP/MTRP dynamic switching for NCB based MTRP PUSCH repetition.

Enhancement on indication of PTRS-DMRS association
In the last meeting, RAN1 agreed to use the current DCI field with 2 bits to indicate the PTRS-DMRS association in MTRP PUSCH operation with rank 1 or 2, wherein MSB and LSB separately indicating the association for two TRPs. Based on that, we discuss the solution for cases of rank 3 and 4 as follows with the motivation to minimize DCI overhead for single DCI based MTRP PUSCH repetition.
[bookmark: _GoBack]For the case of rank 3 and 4, one straight-forward way is to extend the indication field of PT-RS association in DCI, but it will cause DCI overhead increasing. To avoid this problem, one solution is to use the existing 2 bits of PTRS-DMRS association field in DCI for TRP#1, then exploit some reserved entries or bits in the field of DMRS port indication for TRP#2. For example and as shown in Table 2.2-2 and Table 2.2-3 for current DMRS port indication when transmission rank 3 and 4, DMRS type 1 and 1 front loaded DMRS symbol, there is only 1 entry (or 1 bits) is actually used for DMRS port indication, so that the remaining 7 entries (or 2 bits) can be used to indicate the PTRS-DMRS association for TRP#2.
Table 2.2-2: DMRS port indication when transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 3
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-2

	1-7
	Reserved
	Reserved


Table 2.2-3: DMRS port indication when transform precoder is disabled, dmrs-Type=1, maxLength=1, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-3

	1-7
	Reserved
	Reserved


After checking all fields/tables of DMRS port indications for rank 3 and 4 in the current TS38.212, there are always at least 2 bits which can be used for the purpose of PTRS-DMRS association without any impact on the functionality for DMRS port allocation. Therefore, we have a corresponding proposal as below.
Proposal 2-3: For the indication of PTRS-DMRS association when rank 3 or 4 in multi-TRP PUSCH transmission, using the existing PTRS-DMRS association field in DCI for TRP#1, and utilizing some reserved  entries/bits in DM-RS port indication field for TRP#2.

Power control related enhancements
Association between PC parameter sets and SRS resource sets
In the lasting meeting, it was agreed that two PC parameters sets can be used towards two TRPs. On remaining issue is how to associated two PC parameter sets with two SRS resource sets, and four alternatives were raised for addressing this issue. 
· 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
· Alt. 3: Let RAN2 handle this
· Alt. 4: Add second sri-PUSCH-PathlossReferenceRS-Id/ sri-P0-PUSCH-AlphaSetId/ sri-PUSCH-ClosedLoopIndex in SRI-PUSCH-PowerControl.
In Rel-15/16, the mapping between SRI (which selected from one SRS resource set and indicated by DCI) and PC parameters is configured by higher layer parameter sri-PUSCH-MappingToAddModList. Due to it was agreed to configure two SRS resource sets for MTRP PUSCH scheme, naturally, a second sri-PUSCH-MappingToAddModList can be used for associating another PC parameter set for the second SRS resource set/ TRP. Therefore, Alt. 1 can be the best solution which is clear enough for establishing the association between PC parameter set and SRS resource set in MTRP operation.
Proposal 2-4: For linking SRI fields to two PC parameter sets, support Alt. 1 that add second 'sri-PUSCH-MappingToAddModList' for associating two power control parameter sets with two SRS resource sets, and select two 'SRI-PUSCH-PowerControl' from the two 'sri-PUSCH-MappingToAddModList'.

TPC command per TRP
On indication of TPC command for MTRP PUSCH scheme, four options were raised to be down-selected in this meeting. Here, we share our views of each option based on the following analysis:
· Option.1: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams.
· This solution can NOT support TPR specific power control and always enforce the same TPC command towards two different TRPs.
· Option.2: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot.
· This solution can be used to indicate TDMed TPC command towards different TRPs but without any DCI overhead increasing. For example, in the even slots the scheduling PDCCH presents, the indicated TPC command is used for the PUSCH towards the first TRP, and in the odd slots, the indicated TPC command is used for the PUSCH towards the second TRP. 
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 0_1 / 0_2.
· This solution provide the most flexibility but cost most DCI overhead.
· 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.
· This solution can support TRP specific power control, but may also cause additional DCI overhead in TPC command field
In the light of the above analysis, we think option 2 is the best trade-off, so we have the following proposal.
Proposal 2-5: For closed-loop power control for PUSCH, support Opt. 2 that use a single TPC field (the existing TPC field) in DCI, and the TPC value applied for one out of two PUSCH beams at a slot.

Configuration on default values of PC parameters when SRI field is absent
Rel-15/16 PUSCH power control was targeting to STRP operation,  where the mapping between SRI and some power control parameters {i.e, P0-Alpha, PL-RS, and closed-loop index} can be configured by SRI-PUSCH-PowerControl, and a list of SRI-PUSCH-PowerControl can be configured in sri-PUSCH-MappingToAddModList. When SRI field is present in DCI, one specific SRI-PUSCH-PowerControl is indicated to provide such power control parameters of PUSCH. In contrast, when SRI filed is absent in DCI (e.g., only one SRS resource in SRS resource set), the values of each power control parameter will be default, such as the first value in P0-AlphaSet, the PL-RS corresponded to sri-PUSCH-PowerControlId = 0 and closed-loop index l = 0.
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In Rel-17, for multi-TRP PUSCH transmission with codebook based or non-codebook based scheme, RAN1 agreed that up to two SRS resource sets can be used for two TRPs. Correspondingly, configuration of SRI and PUSCH power control mapping should be TRP specific. After that, how to determine the power control parameters of two TRPs can be still based on Rel-15/16 scheme. In detail, when the first and/or second SRI fields are present in DCI, power control parameters of PUSCH can be provided by its SRI-PUSCH-PowerControl, and the number of SRI-PUSCH-PowerControl in sri-PUSCH-MappingToAddModList may need to increase. When the first and/or second SRI fields are absent in DCI, the values of power control parameters for two TRPs can be default values like as Rel-15/16. Specifically, the first set of values {the first value in P0-AlphaSet, the PL-RS corresponded to sri-PUSCH-PowerControlId = 0 and closed-loop index l = 0} can be used for TRP1, and the second  set of values {the second value in P0-AlphaSet, the PL-RS corresponded to sri-PUSCH-PowerControlId = 1 and closed-loop index l = 1} can be used for TRP2.
Proposal 2-6: Support that the first and second default values of each set of power control parameter (i.e, P0-Alpha, PL-RS, and closed-loop index) can be used for the first and second TRP respectively when the two SRI fields are absent in DCI.

Enhancement on PL-RS update MAC CE
In Rel-16, the mapping between SRI and PUSCH PL-RS can be update by a MAC CE. Naturally, it should also be enhanced to update the mapping of two SRS resource sets for multi-TRP PUSCH transmission scheme. In order to address this issue, one out of two reserved field in the current MAC CE can be used to indicate the update for PL-RS related to which one out of two TRPs. For example, when the indicated bit is 0, the mapping between SRI and PUSCH PL-RS of TRP1 should be updated by the MAC CE. When the indicated bit is 1, the mapping between SRI and PUSCH PL-RS of TRP2 should be updated by the MAC CE.
Proposal 2-7: Support TRP specific MAC CE to update PUSCH Pathloss Reference RS..

PHR reporting per TRP
In the last meeting, RAN1 agreed to further study the impact of PHR reporting of MTRP PUSCH repetition scheme. In Rel-15/16, the reported Type 1 PHR for PUSCH transmission is calculated by the specific values of {Pcmax, p0, alpha, change of PL-RS power, etc.}. In the context of different power control parameter sets towards different TRPs have been agreed for MTRP PUSCH repetition scheme, it is natural to support TRP-specific PHR reporting which is based on the two power control parameter sets.
Besides, due to Type 1 PHR is reported via its dedicated MAC CE which is carried on PUSCH, and with the consideration of the soft combining between physical data of PUSCH repetitions, the reported values in MAC CE for PHR should be same in each PUSCH repetition.
Observation 2-2: For MTRP PUSCH repetition, the reported values in MAC CE for PHR should be same in each PUSCH repetition.

In Rel-15/16, a PHR reporting can be triggered for a certain component carrier by three events: periodically as controlled by a timer, change in PL-RS power, and a prohibit timer is expires. The parameters of such trigger events are configured by RRC signalling, such as the higher layer parameters 'phr-PeriodicTimer', 'phr-ProhibitTimer' and  'phr-Tx-PowerFactorChange. For MTRP PUSCH repetition, those higher layer parameters of PHR trigger events should be configured as TRP specific, and an enhancement is required.
Proposal 2-8: Support to configure the higher layer parameters {'phr-PeriodicTimer', 'phr-ProhibitTimer', 'phr-Tx-PowerFactorChange'} of PHR trigger events as TRP specific.

In Rel-15/16, the Single/ Multiple Entry PHR MAC CE is used for carrying the reported PHR in the case of non-CA/ CA operations. For MTRP PUSCH repetition, in order to report PHR for two TRPs, there are two options can be considered for this enhancement as follows:
· Option 1: Exploiting the R field in the current Single/Multiple Entry PHR MAC CE to indicate the PHR is related to which one out of two TRPs. For example of Single Entry PHR MAC CE, when the value of R field is 0, the Single Entry PHR MAC CE is used for the TRP#1. When the value of R field is 1, the Single Entry PHR MAC CE is used for the TRP#2.
For this option, it has low spec impact, but there is only one PHR of a specific TRP can be reported during PUSCH repetitions, which also can be seen as the TDMed PHR reporting scheme.
· Option 2: Adding a new entry in the current Single/Multiple Entry PHR MAC CE, then the first and second entries can be used for TRP#1 and TRP#2, respectively. Similarly, the R field in each entry can be used to indicate whether the PHR of one specific TRP is reported or not. For example of Single Entry PHR MAC CE, the value of R field is 0 or 1 in each entry corresponding to the PHR is reported or not. For flexibility, the second entry may not be reported if PHR event of only one TRP is triggered. 
For this option, it supports to report PHR for two TRPs simultaneously, but will lead to more spec change than option 1 since new MACCE should be designed. 
Based on the discussions above, option 1 is preferred.
Proposal 2-9: Support TRP-specific PUSCH PHR reporting.

Single CG scheme
In the last meeting, RAN1 agreed to support single CG based MTRP PUSCH repetition.  Similar reason as single DCI based MTRP PUSCH repetition, some information towards different TRP should be configured/indicated as TRP specific in our view, such as SRI, precoder and rank indication, DMRS sequence initialization, power control related parameters, etc.
For type 1 CG, some PC related parameters {p0, alpha, closed-loop index} are configured by the higher layer parameter 'ConfiguredGrantConfig' and the other transmission related parameters {SRI, precoder and rank indication, DMRS sequence initialization, PL-RS index} are configured by the higher layer parameter 'rrc-ConfiguredUplinkGrant'. Therefore, 'ConfiguredGrantConfig' and 'rrc-ConfiguredUplinkGrant' should be associated with different SRS resource sets for type 1 CG based MTRP PUSCH repetition. For example, the second fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig'  should be introduced to respectively provide the PC related parameters {p0, alpha, closed-loop index} for TRP#2. Meanwhile, it may need to introduce the second fields of 'srs-ResourceIndicator', 'precodingAndNumberOfLayers', 'dmrs-SeqInitialization' and 'pathlossReferenceIndex' inin 'rrc-ConfiguredUplinkGrant' to respectively provide the other transmission related parameters {SRI, precoder and rank indication, DMRS sequence initialization, PL-RS index} for TRP#2.
For type 2 CG, most of transmission related parameters can be indicated by DCI, which means the same indication way for such parameters of single DCI based MTRP PUSCH repetition can be reused. However, some PC related parameters {p0, alpha, closed-loop index} still are configured by 'ConfiguredGrantConfig' in RRC signalling. Thus, two sets of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig' should be supported and associated with different SRS resource sets for type 2 CG based MTRP PUSCH repetition.
Proposal 2-10: For type 1 or type 2 single CG based multi-TRP PUSCH repetition, introduce an additional set of RRC parameters for the second TRP:
· Introduce the second fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig'.
· Introduce the second fields of 'srs-ResourceIndicator', 'precodingAndNumberOfLayers', 'dmrs-SeqInitialization' and 'pathlossReferenceIndex' in 'rrc-ConfiguredUplinkGrant'.

PUCCH enhancement
In RAN1#104-e meeting, the following agreements were reached for PUCCH enhancement [2].
	Agreement#1
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#2
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).  
Agreement#3
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#4
For configuration/indication of the number of PUCCH repetitions for Scheme 1, there is no restriction on using Rel-15 framework on configuring the number of repetitions.  
· Rel-17 feMIMO may additionally consider supporting the dynamic indication of the number of repetitions in RAN1 #104 meeting.  
Agreement#5
For multi-TRP TDM-ed PUCCH transmission schemes, 
· Support the use of a single PUCCH resource 
· Up to two spatial relation info’s can be activated per PUCCH resource via MAC CE
· FFS: Required enhancements for FR1
FFS: Use of multiple PUCCH resources.  
Agreement#6
For PUCCH multi-TRP enhancements in FR1,
· Support separate power control for different TRP.
· FFS: how to define the association between PUCCH and TRP.
· FFS: required enhancements.  
Working Assumption
For PUCCH multi-TRP enhancements in Scheme 1, it is possible to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions. 
· FFS: Applicability of mapping patterns for different beam switching gaps
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 
· Note: For Scheme 1, cyclical mapping pattern and sequential mapping pattern are as follows, 
· Cyclical mapping pattern: the first and second beam are applied to the first and second PUCCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUCCH repetitions. 
· Sequential mapping pattern: the first beam is applied to the first and second PUCCH repetitions, and the second beam is applied to the third and fourth PUCCH repetitions, and the same beam mapping pattern continues to the remaining PUCCH repetitions.


In this section, we discuss the following aspects of MTRP PUCCH enhancements:
· Spatial relation update per PUCCH resource Groups in FR2
· Configuration of power control in FR1
· Configuration of interference randomization for different PUCCH Formats
Update of spatial relation for PUCCH Groups in FR2
In Rel-16, spatial relation for one group of PUCCH resources can be updated simultaneously, and up to four PUCCH groups can be configured by RRC signaling where each PUCCH resource group corresponds to one beam or one spatial relation. This design is very beneficial for FR2 to save MACCE signaling overhead. Thus, PUCCH resource group based spatial relation update should be supported as well for the same motivation in Rel-17.
Due to one PUCCH resource can targeting to two TRP, it is naturally to allow one same PUCCH resource is included in two PUCCH Groups, such that the resource can be configured with two beams and one PUCCH group still corresponds to one beam to keep alignment with Rel-16 design. For example, PUCCH Group 0 includes {resource 0, 1, 2} and PUCCH Group 1 includes {resource 0, 3, 4}, then PUCCH resource 0 is configured with two beams and corresponding PUCCH Group 0 and 1 respectively. 
Proposal 3-1: Support that one PUCCH resource can be configured in two PUCCH Groups which correspond to two beams/TRPs.

Power control related enhancements in FR1
In the last meeting, RAN1 agreed that up to two sets of PC parameters can be configured for one PUCCH resource for MTRP PUCCH scheme in FR1. One remaining issue is about how to link one or two PC parameter sets to one PUCCH resource in FR1.
In order to address this issue, one RRC indicator with three values {0, 1, 2} can be added and used in the higher layer parameter 'PUCCH-Resource' to indicate the PUCCH resource is linked to one or two PC parameter sets. More specifically, when the value is 0 or 1, it means the PUCCH resource is linked to the PC parameter set for TRP#1 or TRP#2 in STRP PUCCH scheme. When the value is 2, it means the PUCCH resource is linked to two sets of PC parameters in MTRP PUCCH scheme.
Proposal 3-2: RRC signaling is used to link one PUCCH resource with one or two power control parameter sets in FR1.

On indication of TPC command for MTRP PUCCH scheme, four options which are similar with the case of MTRP PUSCH scheme were raised and will be down-selected in this meeting. Here, with the same reason of TPC command indication for MTRP PUSCH scheme in section 2.2.3, our preference is option 2.
Proposal 3-3: For closed-loop power control for PUCCH, support Opt. 2 that use a single TPC field (the existing TPC field) in DCI, 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.

Configuration of TRP specific parameters for PUCCH
In Rel-15/16, in order to randomize the interference between different PUCCH transmissions, the higher layer parameter(s) 'initialCyclicShift' of PUCCH Format 0, 'initialCyclicShift' and 'timeDomainOCC' of PUCCH Format 1, and 'dataScramblingIdentityPUSCH' of PUCCH Formats 2, 3 and 4 are configured by RRC signalling. For MTRP PUCCH scheme, it is natural to configure such parameters as TRP specific for randomizing the interference between different PUCCH transmissions and provide more scheduling flexibility for each TRP. 
Proposal 3-4: Support the following RRC parameters as TRP specific.
· 'initialCyclicShift' of PUCCH Format 0;
· 'initialCyclicShift' and 'timeDomainOCC' of PUCCH Format 1;
· 'dataScramblingIdentityPUSCH' of PUCCH Formats 2, 3 and 4.

Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide the following observations and proposals on the enhancements of PDCCH, PUCCH and PUSCH. 
For PDCCH
Proposal 1-1: Support inter-span and inter-slot PDCCH repetition.
Proposal 1-2: For BD number of 2 PDCCH candidates, support option 3.
Proposal 1-3: For decoding assumption 1, 3 and 4, the former slot or span should be counted with smaller BD number compared with the later slot or span.
Proposal 1-4: Support to use the later scheduling PDCCH candidates as the reference PDCCH to determine the starting symbol for PDSCH mapping type B as well as reference symbol for SLIV.
Proposal 1-5: Support PDSCH to follow the activated TCI state of the PDCCH scheduling by the CORESET with the lowest CORESET id if  TCI field is not present in DCI.
Proposal 1-6: Support CRS rate matching pattern and PDSCH scrambling ID to follow the CORESET with the lowest CORESET id.
Proposal 1-7: Support single-TRP PDCCH repetition by reusing the agreed framework.
For PUSCH
Observation 2-1: It will lead to a huge performance loss when sharing one same TPMI towards two TRPs is mandatory for CB based MTRP PUSCH repetition scheme.
Observation 2-2: For MTRP PUSCH repetition, the reported values in MAC CE for PHR should be same in each PUSCH repetition.
Proposal 2-1: Support to utilize the second TPMI filed to indicate STRP/MTRP dynamic switching for CB based MTRP PUSCH repetition scheme.
Proposal 2-2: Support to utilize the second SRI filed to indicate STRP/MTRP dynamic switching for NCB based MTRP PUSCH repetition.
Proposal 2-3: For the indication of PTRS-DMRS association when rank 3 or 4 in multi-TRP PUSCH transmission, using the existing PTRS-DMRS association field in DCI for TRP#1, and utilizing some reserved  entries/bits in DM-RS port indication field for TRP#2.
Proposal 2-4: For linking SRI fields to two PC parameter sets, support Alt. 1 that add second 'sri-PUSCH-MappingToAddModList' for associating two power control parameter sets with two SRS resource sets, and select two 'SRI-PUSCH-PowerControl' from the two 'sri-PUSCH-MappingToAddModList'.
Proposal 2-5: For closed-loop power control for PUSCH, support Opt. 2 that use a single TPC field (the existing TPC field) in DCI, and the TPC value applied for one out of two PUSCH beams at a slot.
Proposal 2-6: Support that the first and second default values of each set of power control parameter (i.e, P0-Alpha, PL-RS, and closed-loop index) can be used for the first and second TRP respectively when the two SRI fields are absent in DCI.
Proposal 2-7: Support TRP specific MAC CE to update PUSCH Pathloss Reference RS..
Proposal 2-8: Support to configure the higher layer parameters {'phr-PeriodicTimer', 'phr-ProhibitTimer', 'phr-Tx-PowerFactorChange'} of PHR trigger events as TRP specific.
Proposal 2-9: Support TRP-specific PUSCH PHR reporting.
Proposal 2-10: For type 1 or type 2 single CG based multi-TRP PUSCH repetition, introduce an additional set of RRC parameters for the second TRP:
· Introduce the second fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig'.
· Introduce the second fields of 'srs-ResourceIndicator', 'precodingAndNumberOfLayers', 'dmrs-SeqInitialization' and 'pathlossReferenceIndex' in 'rrc-ConfiguredUplinkGrant'.
For PUCCH
Proposal 3-1: Support that one PUCCH resource can be configured in two PUCCH Groups which correspond to two beams/TRPs.
Proposal 3-2: RRC signaling is used to link one PUCCH resource with one or two power control parameter sets in FR1.
Proposal 3-3: For closed-loop power control for PUCCH, support Opt. 2 that use a single TPC field (the existing TPC field) in DCI, 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.
Proposal 3-4: Support the following RRC parameters as TRP specific.
· 'initialCyclicShift' of PUCCH Format 0;
· 'initialCyclicShift' and 'timeDomainOCC' of PUCCH Format 1;
· 'dataScramblingIdentityPUSCH' of PUCCH Formats 2, 3 and 4.
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Appendix
 The second TPMI field for CB based MTRP PUSCH repetition scheme
Corresponding to Table 7.3.1.1.2-2 in TS 38.212
Table 5.1-1: The second TPMI indication, for 4 antenna ports, if transform precoder is disabled, rank is indicated by the first TPMI indication and limited to 4, codebookSubset = fullyAndPartialAndNonCoherent, and ul-FullPowerTransmission-r16 is not configured or configured to fullpowerMode2 or configured to fullpower
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Table 5.1-2: The second TPMI indication, for 4 antenna ports, if transform precoder is disabled, rank is indicated by the first TPMI indication and limited to 4, codebookSubset = partialAndNonCoherent, and ul-FullPowerTransmission-r16 is not configured or configured to fullpowerMode2 or configured to fullpower
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Table 5.1-3: The second TPMI indication, for 4 antenna ports, if transform precoder is disabled, rank is indicated by the first TPMI indication and limited to 4, codebookSubset = nonCoherent, and ul-FullPowerTransmission-r16 is not configured or configured to fullpowerMode2 or configured to fullpower
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Corresponding to Table 7.3.1.1.2-2A in TS 38.212
Table 5.1-4: The second TPMI indication, for 4 antenna ports, if transform precoder is disabled, rank is indicated by the first TPMI indication and limited to 2, codebookSubset = partialAndNonCoherent, and ul-FullPowerTransmission-r16 = fullpowerMode1
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Table 5.1-5: The second TPMI indication, for 4 antenna ports, if transform precoder is disabled, rank is indicated by the first TPMI indication and limited to 2, codebookSubset = nonCoherent, and ul-FullPowerTransmission-r16 = fullpowerMode1
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Corresponding to Table 7.3.1.1.2-2B in TS38.212
Table 5.1-6: The second TPMI indication, for 4 antenna ports, if transform precoder is disabled, rank is indicated by the first TPMI indication and limited to 4, codebookSubset = partialAndNonCoherent, and ul-FullPowerTransmission-r16 = fullpowerMode1
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Table 5.1-7: The second TPMI indication, for 4 antenna ports, if transform precoder is disabled, rank is indicated by the first TPMI indication and limited to 4, codebookSubset = nonCoherent, and ul-FullPowerTransmission-r16 = fullpowerMode1
[image: ]

Corresponding to Table 7.3.1.1.2-3 in TS 38.212
Table 5.1-8: The second TPMI indication, for 4 antenna ports, if transform precoder is enabled, rank is indicated by the first TPMI indication and limited to 1, codebookSubset = fullyAndPartialAndNonCoherent, and ul-FullPowerTransmission-r16 is not configured or configured to fullpowerMode2 or configured to fullpower
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Table 5.1-9: The second TPMI indication, for 4 antenna ports, if transform precoder is enabled, rank is indicated by the first TPMI indication and limited to 1, codebookSubset = partialAndNonCoherent, and ul-FullPowerTransmission-r16 is not configured or configured to fullpowerMode2 or configured to fullpower
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Table 5.1-10: The second TPMI indication, for 4 antenna ports, if transform precoder is enabled, rank is indicated by the first TPMI indication and limited to 1, codebookSubset = nonCoherent, and ul-FullPowerTransmission-r16 is not configured or configured to fullpowerMode2 or configured to fullpower
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Corresponding to Table 7.3.1.1.2-3A in TS38.212
Table 5.1-11: The second TPMI indication, for 4 antenna ports, if transform precoder is enabled, rank is indicated by the first TPMI indication and limited to 1, codebookSubset = partialAndNonCoherent, and ul-FullPowerTransmission-r16 = fullpowerMode1
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Table 5.1-12: The second TPMI indication, for 4 antenna ports, if transform precoder is enabled, rank is indicated by the first TPMI indication and limited to 1, codebookSubset = nonCoherent, and ul-FullPowerTransmission-r16 = fullpowerMode1
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Corresponding to Table 7.3.1.1.2-4 in TS38.212
Table 5.1-13: The second TPMI indication, for 2 antenna ports, if transform precoder is disabled, rank is indicated by the first TPMI indication and limited to 2, codebookSubset = fullyAndPartialAndNonCoherent, and ul-FullPowerTransmission-r16 is not configured or configured to fullpowerMode2 or configured to fullpower
[image: ]
Table 5.1-14: The second TPMI indication, for 2 antenna ports, if transform precoder is disabled, rank is indicated by the first TPMI indication and limited to 2, codebookSubset = nonCoherent, and ul-FullPowerTransmission-r16 is not configured or configured to fullpowerMode2 or configured to fullpower
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Corresponding to Table 7.3.1.1.2-4A in TS 38.212
Table 5.1-15: The second TPMI indication, for 2 antenna ports, if transform precoder is disabled, rank is indicated by the first TPMI indication and limited to 2, codebookSubset = nonCoherent, and ul-FullPowerTransmission-r16 = fullpowerMode1
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Corresponding to Table 7.3.1.1.2-5 in TS38.212
Table 5.1-16: The second TPMI indication, for 2 antenna ports, if transform precoder is enabled, rank is indicated by the first TPMI indication and limited to 1, codebookSubset = fullyAndPartialAndNonCoherent, and ul-FullPowerTransmission-r16 is not configured or configured to fullpowerMode2 or configured to fullpower
[image: ]
Table 5.1-17: The second TPMI indication, for 2 antenna ports, if transform precoder is enabled, rank is indicated by the first TPMI indication and limited to 1, codebookSubset = nonCoherent, and ul-FullPowerTransmission-r16 is not configured or configured to fullpowerMode2 or configured to fullpower
[image: ]

Corresponding to Table 7.3.1.1.2-5A in TS 38.212
Table 5.1-18: The second TPMI indication, for 2 antenna ports, if transform precoder is enabled, rank is indicated by the first TPMI indication and limited to 1, codebookSubset = nonCoherent, and ul-FullPowerTransmission-r16 = fullpowerMode1
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The second SRI field for NCB based MTRP PUSCH repetition scheme

Corresponding to Table 7.3.1.1.2-28 in TS 38.212
Table 5.2-1: The second SRI indication if Lmax = 1, SRI(s), NSRS = 2
[image: ]
Table 5.2-2: The second SRI indication if Lmax = 1, SRI(s), NSRS = 3
[image: ]
Table 5.2-3: The second SRI indication if Lmax = 1, SRI(s), NSRS = 4
[image: ]

Corresponding to Table 7.3.1.1.2-29 in TS 38.212
Table 5.2-4: The second SRI indication if Lmax = 2, SRI(s), NSRS = 2
[image: ]
Table 5.2-5: The second SRI indication if Lmax = 2, SRI(s), NSRS = 3
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Table 5.2-6: The second SRI indication if Lmax = 2, SRI(s), NSRS = 4
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Corresponding to Table 7.3.1.1.2-30 in TS 28.212
Table 5.2-7: The second SRI indication if Lmax = 3, SRI(s), NSRS = 2
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Table 5.2-8: The second SRI indication if Lmax = 3, SRI(s), NSRS = 3
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Table 5.2-9: The second SRI indication if Lmax = 3, SRI(s), NSRS = 4
[image: ]

Corresponding to Table 7.3.1.1.2-31 in TS 38.212
Table 5.2-10: The second SRI indication if Lmax = 4, SRI(s), NSRS = 2
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Table 5.2-11: The second SRI indication if Lmax = 4, SRI(s), NSRS = 3
[image: ]
Table 5.2-12: The second SRI indication if Lmax = 4, SRI(s), NSRS = 4
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 Simulation Assumptions
[bookmark: _Ref52781116][bookmark: _Ref61524801]Table 5.3-1: SLS simulation assumptions and parameters for MTRP PUSCH repetition scheme
	Parameter
	Value

	Metric
	UL throughput

	Carrier frequency, 
	30 GHz

	Subcarrier spacing
	60KHz 

	System bandwidth
	40MHz

	Number of gNB antennas
	(M, N, P, Mg,Ng) = (4,4,2,2,2)  

	Number of UE antennas
	(M, N, P, Mg,Ng) = (2,4,2,1,2)  

	Traffic model
	FTP 1

	Scenario
	Indoor 

	Multiple access 
	OFDMA 

	Channel model
	According to the TR 38.901 

	UE antenna height & gain
	Follow TR 36.873 

	Modulation 
	Up to 64 QAM 

	Coding on PUSCH 
	LDPC

	Slot
	14 OFDM symbols

	MIMO scheme
	SU-MIMO with rank adaptation 
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