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Introduction
According to NR MIMO WID RP-193133, the following is the scope of work in this AI.
	· 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 this contribution we provide our views on the features that should be considered to improve reliability for PDCCH, PUSCH and PUCCH channels using multi-TRP/multi-panel framework.
PDCCH
[bookmark: _Ref54300972]Inter-slot repetition

In general, given per-slot BD/CCE limit at the UE and limited CCE resources at the gNB, intra-slot PDCCH repetitions adversely affect blocking probability as the fraction of UEs requiring mTRP repetition grows as shown in Figure 3. 
If PDCCH repetitions in limited to intra-slot only, then a UE is blocked if any of the TRPs experiences PDCCH blocking (see Figure 1). If both intra-slot and inter-slot repetition is allowed, then a gNB can transmit rep-1 (from TRP-1) in slot-1 and rep-2 (from TRP-2) in slot-2 (or vice-versa) and these combinations are not possible in intra-slot only repetition (see Figure 2). This helps to reduce PDCCH blocking but of course it comes at a cost of increased scheduling latency (which may be acceptable in FR2 due to small slot-duration). The reduction of PDCCH blocking enabled by allowing such inter-slot repetition is shown in Figure 4. Note that for inter-slot PDCCH repetition, the required BD count is divided between 2 slots instead of 1 slot.
In the following simulations, we assumed a load of 10 UEs, the fraction of UEs receiving PDCCH repetition is a parameter, total number of CCEs = 16 from each TRP and total number of BD candidates at the UE to be 12 which is quite typical in FR2 (max is 20). 
	[image: ]
[bookmark: _Ref68256554]Figure 1: Intra-slot repetition only
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[bookmark: _Ref68256569]Figure 2: Intra + inter slot repetition
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[bookmark: _Ref54300215]Figure 3: PDCCH blocking probability is increased due to PDCCH repetition
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[bookmark: _Ref54300448]Figure 4: PDCCH blocking probability is reduced by inter-slot repetition (scheduling 2 slots together)



Proposal-1: (inter-slot) Support inter-slot mTRP PDCCH repetition that allows joint scheduling of PDCCH across multiple slots at the gNB to reduce blocking probability (co-existing with intra-slot repetition)

Resolving ambiguity due to PDCCH repetitions

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




Issue 1:
In order to facilitate DCI size reduction by using fewer TDRA entries, a Rel-16 UE can be configured via RRC to interpret the starting symbol of scheduling PDCCH as a reference for SLIV for entries with K0=0. In order to continue to support this feature with PDCCH repetition, the reference could be redefined as the starting symbol of the linked candidate PDCCHs that ends later. The same principle can be applied to inter-slot repetition.

Proposal-2: Support PDCCH repetition for the Rel-16 feature of configuring the starting symbol of scheduling PDCCH as reference for SLIV. The reference could be redefined as the starting symbol of the linked candidate PDCCHs that ends later. 

Issue 2:
Currently if a PDSCH is scheduled by a DCI format not having the TCI field, and the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL the UE assumes that the TCI state for the PDSCH is identical to the TCI state for the CORESET used for the PDCCH transmission. In order to resolve the ambiguity due to PDCCH repetition, we could select either the one PDCCH candidate with the lowest CORESET ID or the PDCCH candidate with the lowest SS set ID. We slightly prefer using lowest SS set ID which can provide more flexibility to the gNB to dynamically schedule PDSCH from either TRPs. As an example a gNB could associate SS set IDs (0,3) with CORESET-0 and SS set IDs (1,2) with CORESET-1, where SS set ID pairs (0,1) and (2,3) are linked via RRC. Then SS set (0,1) can be used for transmitting PDSCH from CORESET-0 while SS set pair (2,3) can be used for transmitting PDSCH from CORESET-1.  

Proposal-3: Lower SS set ID can be used to select one from the pair of linked PDCCH candidates for TCI/QCL selection for the case of PDSCH beam when TCI field is not present in scheduling DCI.

Issue 3, Issue 4

We believe single-TRP PDCCH repetition should be supported by reusing the mTRP repetition framework. This can be beneficial to improve PDCCH reliability beyond AL16 while re-using the hardware in UEs supporting PDCCH repetition. It is, however, not clear if there is a need to support multi-DCI based multi-TRP. In other words, for the case of multi-DCI multi-TRP, PDCCH repetition could be allowed within the same CORESETPoolIndex value.

Proposal-4: Support single-TRP PDCCH repetition by reusing the multi-TRP PDCCH repetition framework
Proposal-5: For multi-DCI multi-TRP, PDCCH repetition could be allowed within the same CORESETPoolIndex value.

	Agreement
When DL DCI is transmitted via PDCCH repetition, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied. Down-select one of the following options in RAN1 #104-bis-e
· Option 1: The one with the lowest CORESET ID is applied
· Option 2: The one with the lowest SS set ID is applied.



In the case of PUCCH resource determination for HARQ-ACK when PUCCH resource set has a size larger than eight, we slightly prefer “Option 2: The one with the lowest SS set ID is applied”. Similar to “Issue-2” using SS set ID allows the gNB to dynamically control the CORESET that is used by configuring 2 pairs of linked SS-sets to the 2 CORESETs.
Proposal-6:  In the case of PUCCH resource determination for HARQ-ACK when PUCCH resource set has a size larger than eight, support Option 2, i.e. the linked PDCCH candidate belonging to the lowest SS set ID is used.

BD and overbooking

	Agreement
When two SS sets are linked for PDCCH repetition, they do not contain individual PDCCH candidates. 
· Note 1: For configuration of individual PDCCH candidates, a different SS set can be configured by network.
· Note 2: When one of the linked PDCCH candidates uses the same set of CCEs as an individual PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET, Rel. 15 rule is followed wrt not counting an additional BD.



Based on agreements in the last meeting, when two SS sets are linked for PDCCH repetition, they do not contain individual candidates. In this case, there seems to be no benefit in the UE communicating decoding assumptions to the gNB or whether soft-combining is performed. It seems sufficient at this stage to assume a fixed number for BD. The exact number can be further discussed.
Proposal-7: A fixed number can be assumed for BD for PDCCH repetition
PUSCH

Configured grant operation

	Agreement
Support CG PUSCH transmission towards M-TRPs using a single CG configuration. 
· Use same beam mapping principals as dynamic grant PUSCH repetition scheme. 
· FFS: Required changes on CG parameters (ConfiguredGrantConfig) 
The feature is UE optional



According to 38.214 CG Type 1 PUSCH transmission is semi-statically configured to operate upon the reception of configuredGrantConfig including rrc-ConfiguredUplinkGrant without the detection of an UL grant in a DCI and CG Type 2 PUSCH transmission is semi-persistently scheduled by an UL grant in a valid activation DCI after the reception of configuredGrantConfig not including rrc-ConfiguredUplinkGrant. 
In order to enable CG operation, DG features should be reflected including the ability for separate power control P0, α and accumulation. Thus, to enable CG operation, the following fields in ConfiguredGrantConfig can be enhanced to be TRP specific (configured SRS resource set specific) – powerControlLoopToUse, p0-PUSCH-Alpha and srs-ResourceIndicator, precodingAndNumberOfLayers (subject to DG discussions) in rrc-ConfiguredUplinkGrant. Also for CG Type 2, DCI activated switching between single TRP and multi TRP PUSCH transmissions can be naturally supported by using DG DCI as activation DCI.
Proposal-8: To enable CG operation, the following fields in ConfiguredGrantConfig can be enhanced to be TRP specific (configured SRS resource set specific) – powerControlLoopToUse, p0-PUSCH-Alpha and srs-ResourceIndicator, precodingAndNumberOfLayers (subject to DG discussions) in rrc-ConfiguredUplinkGrant. Support DCI activated switching between single-TRP and multi-TRP PUSCH transmissions for CG Type 2 transmissions.
Power control 

	Agreement
For single-DCI based M-TRP PUSCH repetition schemes, up to two power control parameter sets (using SRI-PUSCH-PowerControl) can be applied when SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2. 
· FFS1: Details on linking SRI fields to two power control parameters, 
· Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· 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.



FFS1
In last meeting, it was agreed that up to two power control parameter sets (using SRI-PUSCH-PowerControl) can be applied when SRS resources from two SRS resource sets are indicated in DCI format 0_1/0_2 for single-DCI based multi-TRP PUSCH repetition schemes. SRI fields can be linked to two power control parameter sets in various ways as shown in Alts 1-4. Overall, our understanding is that the issues here are RAN2 related including ease of re-configuring from single-TRP to multi-TRP and RRC signalling efficiency. We believe this can be left to RAN2.

FFS2
In current specification for single-TRP based transmission, the open-loop power control parameter set indication field is limited to 1 bit when SRI field is present in the DCI. We believe that the case of SRI field present can be sufficient to consider here (because the presence of SRI field also enables single-TRP/multi-TRP dynamic switching). Thus, we propose to use a total of 2 bits for the field of OLPC parameter set indication for multi-TRP based PUSCH repetitions, where the first and second bit field is associated with the first and second SRS resource sets respectively.

Proposal-9: If SRI field is present, 2 bits can be supported for OLPC parameter set indication where the first and second bit field is associated with the first and second SRS resource sets respectively. The case of SRI field not present case is not needed to be enhanced.

FFS5:
In later section we show that for multi TRP PUSCH repetition it is sufficient to consider the case that SRI(s) indication of two SRS resource sets is present

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



As part of basic gNB operation, conserving DCI size should be prioritized and an option that does not add bits to the existing 2 bits TPC bit length is desired. With this rationale, we believe that a single value can be used for both TRPs as a baseline mechanism.
Proposal-10: Support a TPC enhancement that allows multi-TRP PUSCH operation without increasing TPC payload in DCI  

Dynamic switching CB 

	Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH, 
· Support two SRI fields corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the SRI field based on Rel-15/16 framework
· Support dynamic switching between multi-TRP and single-TRP operation 
· FFS: Support dynamic switching the order of two TRPs



Considering two separate SRI field design, we note that an additional codepoint is need in each SRI field to enable dynamic switching between {TRP1, TRP2 and (TRP1 and TRP2)} with no dynamic reordering. In order to support dynamic reordering without introducing a new DCI field, the existing SRI states would need to be replicated. As an example, Table 7.3.1.1.2-32A in TS38.212 should add states 0’,1’,2’ associated to reordering. On the other hand, we note that the effect of dynamic reordering can also be achieved by delaying the PUSCH scheduling by one transmission occasion. In the Appendix 1.1 we compare the DCI payload bits and the signalling efficiency for the following schemes:
· Joint SRI field without dynamic reordering
· Joint SRI field with dynamic reordering
· SRI + TPMI field combination (without dynamic reordering) 
· Separate SRI fields without dynamic reordering
Based on this analysis, we propose the following:
Proposal-11: In order to support dynamic switching for CB based PUSCH
· NSRS = 3 case as in Table 7.3.1.1.2-32A where UE may expect a “Reserved” entry and is interpreted that the associated SRI resource set is not used for transmission (single TRP transmission).
·  NSRS = 1, 2 case, introduce the following new tables:
		Bit field mapped to index
	SRI(s), NSRS = 1

	0
	0

	1
	Reserved



		Bit field mapped to index
	SRI(s), NSRS = 2

	0
	0

	1
	1

	3
	Reserved

	4
	Reserved






· NSRS = 4 case, further discussion is needed.
Dynamic switching NCB 

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



Case of {Lmax = 2/3/4, NSRS = 2/3/4}
we consider the following NCB-based SRI field design alternatives (Alt-1 and Alt-2) and provide the detailed analysis in Appendix 1.2. We have the following observations:
Alt-1: Both the first and second SRI fields are based on Rel-15/16 framework. 
· The reserved codepoints in the existing NCB SRI tables are used for dynamic switching
Alt 2: The first SRI field is based on Rel-15/16 framework. The second SRI field is redesigned, which contains no layer information but is used to indicate dynamic switching between {TRP1, TRP2, (TRP1 and TRP2)} with two codepoints (Reserved-1 and Reserved-2)
· This is more efficient that Alt-1 for {Lmax = 2/3/4, NSRS = 4} with 1 bit in savings but significant specification impact
Case of {Lmax = 1, NSRS = 1/2/3/4}
This case is similar to the CB case and the same solution can be re-used. The SRI field design is used for dynamic switching, i.e., two codepoints in each SRI fields respectively indicating whether UE is enabled to transmit towards the corresponding TRP or not. In this case we can introduce a new table (same table can be also used for CB case) for NSRS = 1, 2, NSRS = 3 already has a reserved state that can be reinterpreted, while NSRS = 4 can be further discussed.
Proposal-12: In order to support dynamic switching for NCB based PUSCH
· Both the first and second SRI fields are based on Rel-15/16 framework
· A UE may expect a “Reserved” entry and such an entry is interpreted that the associated SRI resource set is not used for transmission (single TRP transmission).
· For Lmax = 1, NSRS = 1 and Lmax = 1, NSRS = 2, introduce the following new tables:
		Bit field mapped to index
	Lmax = 1, NSRS = 1

	0
	0

	1
	Reserved



		Bit field mapped to index
	Lmax = 1, NSRS = 2

	0
	0

	1
	1

	3
	Reserved

	4
	Reserved






TPMI tables

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



We note that in current Rel-16 PINL tables, not all possible TPMIs are supported. In the Appendix we study the savings by optimizing the second PINL field to only provide TPMI information (and not layer information) for the tables in 7.3.1.1.2-2, 7.3.1.1.2-2A, 7.3.1.1.2-2B, 7.3.1.1.2-4 and 7.3.1.1.2-4A. We note that when MaxRank=1 there are no savings, when MaxRank > 1, we can save 1 bit for the following cases: Table 7.3.1.1.2-2 codebookSubset = fullyAndPartialAndNonCoherent, PartialAndNonconherent, and NonCoherent cases, Table 7.3.1.1.2-2A codebookSubset = PartialAndNonconherent, and NonCoherent cases, Table 7.3.1.1.2-2B codebookSubset = NonCoherent case, Table 7.3.1.1.2-4 codebookSubset = fullyAndPartialAndNonconherent, and NonCoherent cases, and 2 bits for Table 7.3.1.1.2-2B codebookSubset = PartialAndNonconherent case (See Appendix 1.3). 

Proposal-13: Present study shows that redesigning the second TPMI field can save 1 bit in 8 cases and 2 bits in 1 case. Thus such re-design may not be essential.
PT-RS DMRS association

	Agreement
For single DCI based M-TRP PUSCH Type B repetition schemes, 
· For maxRank = 2, the number of bits for the indication of PTRS-DMRS association is the same as Rel-15/16, MSB and LSB separately indicating the association between PTRS port and DMRS port for two TRPs. 
· FFS: the indication of PTRS-DMRS association for maxRank > 2.



In current specification, the PTRS-DMRS association is according to Table 7.3.1.1.2-25 and Table 7.3.1.1.2-26 for one and two PTRS ports, respectively with a maximum of 2 bits DCI field size. We believe for MaxRank > 2, the PTRS-DMRS association field size should be kept at 2 bits while reducing the resolution of PTRS-DMRS indication with MSB and LSB associated to the 2 TRPs.

Proposal-14:  For UL PTRS port 0 indication (1 PTRS port) and for port 0 and port 1 indication (2 PTRS ports) only values of 0, 1 can be indicated per TRP (reduced resolution) with MSB and LSB associated with the 2 TRPs respectively. 
 


A-CSI and SP-CSI 

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



A-CSI multiplexing with PUSCH
It was agreed in the last meeting to 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. We slightly prefer X to be equal to 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 allowing gNB more scheduling flexibility. Further, we propose that if X is not found then no multiplexing of A-CSI on second beam is performed but PUSCH transmission is not affected.

Proposal-15: For A-CSI multiplexing, support X to be equal to 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
Proposal-16: For A-CSI multiplexing if X is not found then multiplexing of A-CSI on second beam is not performed but PUSCH transmission is not affected.

A-CSI/SP-CSI transmission on PUSCH type B with no scheduled data
In the current specification when activation DCI is present, A-CSI/SP-CSI is transmitted on the first actual repetition which is expected to be the same length as a nominal repetition. We propose to use the same principle as PUSCH multiplexing case such that A-CSI/SP-CSI is transmitted in the first actual repetition for first beam and the first actual repetition for the second beam and such PUSCH length is expected to be equal to a nominal repetition.

Proposal-17: For the case of multi- TRP PUSCH type B repetition with no scheduled data, support A-CSI/SP-CSI transmission in the first actual repetition for first beam and the first actual repetition for the second beam and such PUSCH length is expected to be equal to a nominal repetition.  
Beam switching gap

According to the RAN4 reply LS R1- 2103290, a transient period of 5us is required if the spatial filter to transmit the beam is known, beams are switched within same panel and UL timing is the same for the different UL beams – this transient period is expected to be the same or larger for the case of cross-panel beam switch. The transient period may exceed CP duration or symbol duration for 240 kHz SCS. We propose to specify configurable transmission gaps for multi-TRP Type B repetitions that allows a gNB to efficiently use such transmission gaps for multiplexing signals from other UEs e.g. SRS. However, transmission gaps may delay a PUSCH transmission occasion, so some attention should be paid to minimize such gap durations. 
An example of Type B PUSCH repetition with gaps is shown below. In the top Figure 5, 2-symbol gap is necessary between actual repetitions associated with different nominal repetitions. In the bottom figure, due to the presence of invalid symbols, in some cases the gap can be reduced to 1 symbol length.



Figure 5. Beam switching gap for Type-B PUSCH repetition w/o and w/ invalid 

Proposal-18: Support introduction of transmission gaps for PUSCH Type B repetition to account for transient period due to beam switching and power ramping.

Cyclical and sequential repetitions

	Working Assumption RAN1#103-e
For single DCI based M-TRP PUSCH repetition Type A and B, it is possible to configure either cyclic mapping or sequential mapping of UL beams.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· FFS: Support of half-half mapping. 
· FFS: Additional considerations on mapping patterns (including required beam switching gaps) 
· Companies are encouraged to provide further simulation results to decide details



PUSCH repetition Type A
If intra-slot beam hopping is not supported, then cyclical mapping pattern can achieve most of the gains. This allows equal mapping of repetitions to the two TRPs and maximizes TRP diversity for early decoding at the gNB. If intra-slot frequency hopping is enabled then both frequency diversity and TRP diversity is achieved. In this case antenna switching gaps may occur at slot or sub-slot boundary. 
PUSCH repetition Type B
In the case of PUSCH Type B, inter-repetition frequency hopping (based on nominal repetitions) can be enabled. Note, however, that obtaining FH gains depends on the beam mapping as shown below – in Figure 6 sequential mapping is shown to exploit both FH gains and TRP diversity but cyclical mapping (Figure 7) cannot fully exploit FH gains. However, cyclical mapping makes sense for 2 repetitions.

	[image: ]
[bookmark: _Ref54305926]Figure 6: PUSCH Type B + FH + sequential mapping
	[image: ]
[bookmark: _Ref54305956]Figure 7: PUSCH Type B + FH + cyclical mapping



Proposal-19: Confirm the working assumption to support both cyclical and sequential mapping of UL beams for PUSCH repetition Type A and Type B.

Multi-DCI PUSCH

	Agreement
For M-TRP PUSCH reliability enhancement, further discuss multi-DCI based PUSCH transmission/repetition scheme(s) considering the following aspects.  
· The same TB is repeated towards multiple TRPs with different beams, where one or more PUSCH repetitions are scheduled by one DCI and another one or more PUSCH repetitions are scheduled by another DCI. 
· FFS: Details related to timeline restrictions and beam mapping  
· Changes on Rel-15/16 MCS, TBS determination, and UL resource allocation are not expected from this scheme.
· The scheme is considered to be supported only if there are gains over single DCI based PUSCH repetition schemes and a similar scheme is not supported by m-TRP PDCCH (e.g. Option 3). 
Companies are encouraged to provide simulation results to decide the support of the scheme in next RAN1 meetings
The support of multi-DCI based PUSCH transmission/repetition scheme(s) in Rel-17 will be decided in RAN1#104-e



As a reference we consider single DCI multi-TRP PUSCH repetition scheme together with PDCCH repetition and compare multi-DCI multi-TRP PUSCH scheme against this reference.

UE processing pipeline:
	[image: ]
[bookmark: _Ref61788951]Figure 8: single UE processing flow for a given HARQ PID achieved with PDCCH repetition and single-DCI
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[bookmark: _Ref61788955]Figure 9: Effectively 2 processing flows per HARQ PID (one for each TRP) for multi-DCI PUSCH



Figure 8 shows a high-level view of how a single processing flow can be achieved for a given HARQ PID in the reference scheme– of course within a single processing flow pipelining and parallelism can be used for code-block level processing. This is achieved due to the scheduling restriction that a UE cannot be scheduled a re-transmission until after the end of the current transmission.
In Figure 9, we provide a high-level view of how a processing flow would potentially look like with multi-DCI PUSCH repetition scheme if there were no restrictions on scheduling re-transmission to a UE. It can lead to effectively multiple processing flows associated with a single HARD PID.

TBS determination
In order to achieve soft-combining gains a common TB size is required for multi-DCI PUSCH repetition. Due to the high granularity of TB sizes it is difficult for the gNB to ensure exactly the same TB size without any linkage between the DCIs from TRP-1 and TRP-2. However, if a linkage is introduced, for example one of them is chosen as the primary DCI for TBS determination, then the UE cannot perform PUSCH transmission if the primary DCI is not decoded (e.g. blocked). This problem is avoided in single DCI PDCCH repetition where a UE can successfully perform multi-TRP PUSCH transmission if any of the DCIs is correctly decoded.

PDCCH reliability
PDCCH repetition from TRP-1 and TRP-2 and subsequent soft-combining is more reliable (or more resource efficient) than being able to successfully receive 2 different DCIs from TRP-1 and TRP-2 respectively.

Proposal-20: Specifications for multi-DCI multi-TRP PUSCH transmission is not well motivated considering UE processing flow impact, specification impact to resolve TBS determination issue, and PDCCH overhead/reliability issues
PUCCH
Power control

	Agreement
Further study following alternatives to support per TRP closed-loop power control for PUCCH , select  from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.



As part of basic gNB operation, conserving DCI size should be prioritized and an option that does not add bits to the existing 2 bits TPC bit length is desired. With this rationale, we believe that a single value can be used for both TRPs as a baseline mechanism.
Proposal-21: Support a TPC enhancement that allows multi-TRP PUCCH operation without increasing TPC payload in DCI  

	Agreement
To support per TRP power control for multi-TRP PUCCH schemes in FR1, 
· Two sets of power control parameters are used, and each set has a dedicated value of p0, pathloss RS ID and a closed-loop index. 
· FFS: details on how a PUCCH resource can be linked to one or both of the two sets of power control parameters.
· FFS: whether PUCCH resource group can be linked to power control parameter sets.



In order to support per TRP power control for multi-TRP PUCCH schemes in FR1, the same method as FR2 can be used by using the existing specification for beam based power control based on PUCCH-SpatialRelationInfo
Proposal-22: Support per TPC power control in FR1 using PUCCH-SpatialRelationInfo 

Intra-slot beam hopping for PUCCH

	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. 



In order to evaluate the benefits of intra-slot beam hopping we consider two configurations for evaluation. Note that two reception mechanisms are considered for repetitions – selection diversity and soft-combining. However, intra-slot beam hopping is always coupled with soft-combining reception.
· Intra-slot case (1 slot): PUCCH (format 3) repetitions are contained within a slot shown in Figure 10. In this case intra-slot repetition has 2x code-rate compared to that of intra-slot beam hopping. 
· Inter-slot case (2 slots): PUCCH (format 3) repetitions cross the slot boundary and in this case spans 2 slots as shown in Figure 11. In this case both inter-slot repetition and intra-slot beam hopping has the same code-rate. 
	[image: ]
[bookmark: _Ref54306019]Figure 10: Intra-slot case (1 slot)
	[image: ]
[bookmark: _Ref54306033]Figure 11: Inter-slot case (2 slots)
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Figure 12: Intra-slot case (1 slot) + blockage
	[image: ]
Figure 13: Inter-slot case (2 slots) + blockage



From simulation results above, our observation is that in the 1 slot case, all the multi-TRP schemes perform similarly. However, in the 2-slot case, inter-slot repetition performs better than intra-slot beam hopping due to additional frequency diversity given that cyclical beam mapping is used. We further observe that with PUCCH repetition, selection diversity reception at the gNB provides close performance compared with soft-combining reception but without the need to transport soft information across TRPs. Therefore we have the following proposal:
Proposal-23: Support inter-slot repetition (Scheme 1) and intra-slot repetition (Scheme 2) for PUCCH to allow both soft-combining reception and much simpler selection diversity reception at the gNB
Beam mapping for PUCCH repetitions
	Working assumption
For beam mapping /power control parameter set mapping for PUCCH repetitions,
· For M-TRP PUCCH Scheme 1 in FR1, it is possible to configure either cyclic mapping or sequential mapping of power control parameter sets over PUCCH repetitions (similar to spatial relation info’s over PUCCH repetitions).
· For M-TRP PUCCH Scheme 3, reuse the same methods as Scheme 1 (by replacing slots with sub-slots) for beam mapping or power control resource set mapping to sub-slots.
This working assumption is also subjected to the RAN4 LS R1-2009807 and confirmed based on the RAN4 reply. 



If intra-slot beam hopping is not considered we can simply use cyclical mapping of spatial-relation-info to repetitions. The spatial-relation-info of the first repetition can be identified by the ordering of the spatial-relation-info associated with that PUCCH resource. Cyclical mapping allows equal mapping of repetitions to 2 TRPs and maximizes diversity for early decoding at the gNB. In certain configurations, the number of beam switches (and consequently antenna switching gaps) can be reduced in sequential and minimized in half-half mappings but it comes at a cost of early termination latency.
Proposal-24: Confirm the working assumption to support both cyclical and sequential mapping of UL beams for PUCCH repetitions.
Conclusions

	PDCCH
	Proposal-1: (inter-slot) Support inter-slot mTRP PDCCH repetition that allows joint scheduling of PDCCH across multiple slots at the gNB to reduce blocking probability (co-existing with intra-slot repetition)
Proposal-2: Support PDCCH repetition for the Rel-16 feature of configuring the starting symbol of scheduling PDCCH as reference for SLIV. The reference could be redefined as the starting symbol of the linked candidate PDCCHs that ends later. 
 
Proposal-3: Lower SS set ID can be used to select one from the pair of linked PDCCH candidates for TCI/QCL selection for the case of PDSCH beam when TCI field is not present in scheduling DCI.
Proposal-4: Support single-TRP PDCCH repetition by reusing the multi-TRP PDCCH repetition framework
Proposal-5: For multi-DCI multi-TRP, PDCCH repetition could be allowed within the same CORESETPoolIndex value.
Proposal-6:  In the case of PUCCH resource determination for HARQ-ACK when PUCCH resource set has a size larger than eight, support Option 2, i.e. the linked PDCCH candidate belonging to the lowest SS set ID is used.
Proposal-7: A fixed number can be assumed for BD for PDCCH repetition


	PUSCH
	Proposal-8: To enable CG operation, the following fields in ConfiguredGrantConfig can be enhanced to be TRP specific (configured SRS resource set specific) – powerControlLoopToUse, p0-PUSCH-Alpha and srs-ResourceIndicator, precodingAndNumberOfLayers (subject to DG discussions) in rrc-ConfiguredUplinkGrant. Support DCI activated switching between single-TRP and multi-TRP PUSCH transmissions for CG Type 2 transmissions.
Proposal-9: If SRI field is present, 2 bits can be supported for OLPC parameter set indication where the first and second bit field is associated with the first and second SRS resource sets respectively. The case of SRI field not present case is not needed to be enhanced.
Proposal-10: Support a TPC enhancement that allows multi-TRP PUSCH operation without increasing TPC payload in DCI  
Proposal-11: In order to support dynamic switching for CB based PUSCH
· NSRS = 3 case as in Table 7.3.1.1.2-32A where UE may expect a “Reserved” entry and is interpreted that the associated SRI resource set is not used for transmission (single TRP transmission).
·  NSRS = 1, 2 case, introduce the following new tables:
		Bit field mapped to index
	SRI(s), NSRS = 1

	0
	0

	1
	Reserved



	 
	Bit field mapped to index
	SRI(s), NSRS = 2

	0
	0

	1
	1

	3
	Reserved

	4
	Reserved





 
· NSRS = 4 case, further discussion is needed.
Proposal-12: In order to support dynamic switching for NCB based PUSCH
· Both the first and second SRI fields are based on Rel-15/16 framework
· A UE may expect a “Reserved” entry and such an entry is interpreted that the associated SRI resource set is not used for transmission (single TRP transmission).
· For Lmax = 1, NSRS = 1 and Lmax = 1, NSRS = 2, introduce the following new tables:
		Bit field mapped to index
	Lmax = 1, NSRS = 1

	0
	0

	1
	Reserved



	 
	Bit field mapped to index
	Lmax = 1, NSRS = 2

	0
	0

	1
	1

	3
	Reserved

	4
	Reserved





Proposal-13: Present study shows that redesigning the second TPMI field can save 1 bit in 8 cases and 2 bits in 1 case. Thus such re-design may not be essential.
Proposal-14:  For UL PTRS port 0 indication (1 PTRS port) and for port 0 and port 1 indication (2 PTRS ports) only values of 0, 1 can be indicated per TRP (reduced resolution) with MSB and LSB associated with the 2 TRPs respectively. 
Proposal-15: For A-CSI multiplexing, support X to be equal to 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
Proposal-16: For A-CSI multiplexing if X is not found then multiplexing of A-CSI on second beam is not performed but PUSCH transmission is not affected.
Proposal-17: For the case of multi- TRP PUSCH type B repetition with no scheduled data, support A-CSI/SP-CSI transmission in the first actual repetition for first beam and the first actual repetition for the second beam and such PUSCH length is expected to be equal to a nominal repetition.  
Proposal-18: Support introduction of transmission gaps for PUSCH Type B repetition to account for transient period due to beam switching and power ramping.

Proposal-19: Confirm the working assumption to support both cyclical and sequential mapping of UL beams for PUSCH repetition Type A and Type B.
Proposal-20: Specifications for multi-DCI multi-TRP PUSCH transmission is not well motivated considering UE processing flow impact, specification impact to resolve TBS determination issue, and PDCCH overhead/reliability issues


	PUCCH
	Proposal-21: Support a TPC enhancement that allows multi-TRP PUCCH operation without increasing TPC payload in DCI
Proposal-22: Support per TPC power control in FR1 using PUCCH-SpatialRelationInfo
Proposal-23: Support inter-slot repetition (Scheme 1) and intra-slot repetition (Scheme 2) for PUCCH to allow both soft-combining reception and much simpler selection diversity reception at the gNB
Proposal-24: Confirm the working assumption to support both cyclical and sequential mapping of UL beams for PUCCH repetitions.
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Appendix-1

1.1 SRI Field Designs for CB-based PUSCH
	SRI field design
(CB)
	Joint SRI field without dynamic reordering
	Joint SRI field with dynamic reordering
	Separate fields without dynamic reordering
	SRI + TPMI field combination without dynamic reordering

	Nsrs=1
(no current table)
	2bit:
2 codepoints for STRP 
1 codepoints for MTRP
1 unused codepoint 
	2bit:
2 codepoints for STRP 
1 * 2 = 2 codepoints for MTRP 
0 unused codepoint
	1+1=2bit
0 codepoint for each TRP
1 codepoint for DS for each TRP
	0 bit 

	Nsrs=2
	3bit:
4 codepoints for STRP 
4 codepoints for MTRP 
0 unused codepoint
	4bit:
4 codepoints for STRP 
4*2=8 codepoints for MTRP 
4 unused codepoints
	2+2=4bit
2 codepoints for each TRP
1 codepoint for DS for each TRP

	1+1 = 2 bits 

	Nsrs=3
	4bit:
6 codepoints for STRP 
9 codepoints for MTRP 
1 unused codepoint
	5bit:
6 codepoints for STRP 
9*2 = 18 codepoints for MTRP 
8 unused codepoints
	2+2=4bit
3 codepoints for each TRP
1 codepoint for DS for each TRP
(spec table is the same)
0 unused codepoints
	2+2 = 4 bits 

	Nsrs=4
	5bit:
8 codepoints for STRP 
16 codepoints for MTRP 
8 unused codepoints
	6bit:
8 codepoints for STRP 
16*2=32 codepoints for MTRP 
24 unused codepoint
	3+3=6bit
4 codepoints for each TRP
1 codepoint for DS for each TRP

	2+2 = 4 bits 




1.2 SRI Field Designs for NCB-based PUSCH
Illustration of Alt2: 
· If the 1st and 2nd SRI field are mapped to indexes before codepoint reserved (R) and codepoint Reserved-1 (R1), respectively, UE is indicated to transmit towards two TPRs with the corresponding SRIs aforementioned. Meanwhile, the interpretation of the 2nd SRI field is depended on the 1st SRI field since there is ‘number of layer’ information in the 2nd SRI field. (Multi-TRP transmission)
· Else the 1st SRI field is mapped to an index before R, and the 2nd SRI field is mapped to reserved codepoint R1 or codepoint Reserved-2 (R2), UE is indicated to transmit towards TRP1 or TRP2 with the SRI in the 1st SRI field, i.e., R1/R2 is used to indicate whether TRP1 or TRP2 is selected in single-TRP transmission case. (Single-TRP transmission) 
Table 7.3.1.1.2-28. Lmax = 1 modifications
	
	Bit field mapped to index 
	0
	1
	2
	3
	
	
	
	
	
	
	
	
	
	
	
	
	# of bits needed

	Nsrs = 1 (currently no SRI needed)
	1st SRI field 
	0
	R
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1bit

	
	2nd SRI field
	0
	R
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1bit

	
	index
	0
	1
	2
	3
	
	
	
	
	
	
	
	
	
	
	
	
	

	Nsrs = 2
	1st SRI field 
	0
	1  
	R
	R
	
	
	
	
	
	
	
	
	
	
	
	
	2bits

	
	2nd SRI field
	0
	1  
	R
	R
	
	
	
	
	
	
	
	
	
	
	
	
	2bits

	
	index
	0
	1
	2
	3
	4
	5
	6
	7
	
	
	
	
	
	
	
	
	

	Nsrs = 3 (new interpretation, no new entries)
	1st SRI field
	0
	1
	2
	R
	
	
	
	
	
	
	
	
	
	
	
	
	2bits

	
	2nd SRI field
	0
	1
	2
	R
	
	
	
	
	
	
	
	
	
	
	
	
	2bits

	
	index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	

	Nsrs = 4
	1st SRI field
	0
	1
	2
	3
	R
	R
	R
	R
	
	
	
	
	
	
	
	
	3bits

	
	2nd SRI field 
	0
	1
	2
	3
	R
	R
	R
	R
	
	
	
	
	
	
	
	
	3bits



Table 7.3.1.1.2-29. Lmax = 2 modifications
	
	Bit field mapped to index 
	0
	1
	2
	3
	
	
	
	
	
	
	
	
	
	
	
	
	# of bits needed

	Nsrs = 1
	1st SRI field 
	0
	R 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1bit

	
	2nd SRI field
	0
	R
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1bit

	
	index
	0
	1
	2
	3
	4
	5
	6
	7
	
	
	
	
	
	
	
	
	

	Nsrs = 2
	1st SRI field, 
	0
	1  
	0,1
	R
	
	
	
	
	
	
	
	
	
	
	
	
	2bits

	
	2nd SRI field, 1 layer 
	0
	1  
	R1
	R2
	
	
	
	
	
	
	
	
	
	
	
	
	2bits


	
	2nd SRI, 2 layers 
	0,1
	Not used
	R1
	R2
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	index
	0
	1
	2
	3
	4
	5
	6
	7
	
	
	
	
	
	
	
	
	

	Nsrs = 3
	1st SRI field, 
	0
	1
	2
	0,1
	0,2
	1,2
	R
	R
	
	
	
	
	
	
	
	
	3bits

	
	2nd SRI field, 1 layer 
	0
	1
	2
	R1
	R2
	
	
	
	
	
	
	
	
	
	
	
	3bits


	
	2nd SRI field, 2 layers 
	0,1
	0,2
	1,2
	R1
	R2
	
	
	
	
	
	
	
	
	
	
	
	

	
	index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	

	Nsrs = 4
	1st SRI field, 
	0
	1
	2
	3
	0,1
	0,2
	0,3
	1,2
	1,3
	2,3
	R
	R
	R
	R
	R
	R
	4bits

	
	2nd SRI field, 1 layer 
	0
	1
	2
	3
	
	
	R1
	R2
	
	
	
	
	
	
	
	
	3bits
[1 bit saved]

	
	2nd SRI field, 2 layers 
	0,1
	0,2
	0,3
	1,2
	1,3
	2,3
	R1
	R2
	
	
	
	
	
	
	
	
	




Table 7.3.1.1.2-30. Lmax = 3 modifications
	
	index
	0
	1
	2
	3
	
	
	
	
	
	
	
	
	
	
	
	
	# of bits needed

	Nsrs = 1
	1st SRI field 
	0
	R 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1bit

	
	2nd SRI field
	0
	R1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1bit

	
	index
	0
	1
	2
	3
	4
	5
	6
	7
	
	
	
	
	
	
	
	
	

	Nsrs = 2
	1st SRI field, 
	0
	1  
	0,1
	R
	
	
	
	
	
	
	
	
	
	
	
	
	2bits

	
	2nd SRI field, 1 layer 
	0
	1
	R1
	R2
	
	
	
	
	
	
	
	
	
	
	
	
	2bits


	
	2nd SRI field, 2 layers 
	0,1
	
	R1
	R2
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	index
	0
	1
	2
	3
	4
	5
	6
	7
	
	
	
	
	
	
	
	
	

	Nsrs = 3
	1st SRI field, 
	0
	1
	2
	0,1
	0,2
	1,2
	0,1,2
	R
	
	
	
	
	
	
	
	
	3bits

	
	2nd SRI field, 1 layer 
	0
	1
	2
	
	
	
	R1
	R2
	
	
	
	
	
	
	
	
	3bits


	
	2nd SRI field, 2 layers 
	0,1
	0,2
	1,2
	
	
	
	R1
	R2
	
	
	
	
	
	
	
	
	

	
	2nd SRI  field, 3 layers 
	0,1,2
	
	
	
	
	
	R1
	R2
	
	
	
	
	
	
	
	
	

	
	index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	

	Nsrs = 4
	1st SRI field, 
	0
	1
	2
	3
	0,1
	0,2
	0,3
	1,2
	1,3
	2,3
	0,1,2
	0,1,3
	0,2,3
	1,2,3
	R
	R
	4bits

	
	2nd SRI field, 1 layer 
	0
	1
	2
	3
	
	
	R1
	R2
	
	
	
	
	
	
	
	
	3bits
[1 bit saved]

	
	2nd SRI field, 2 layers 
	0,1
	0,2
	0,3
	1,2
	1,3
	2,3
	R1
	R2
	
	
	
	
	
	
	
	
	

	
	2nd SRI field, 3 layers 
	0,1,2
	0,1,3
	0,2,3
	1,2,3
	
	
	R1
	R2
	
	
	
	
	
	
	
	
	



Table 7.3.1.1.2-31. Lmax = 4 modifications
	
	index
	0
	1
	2
	3
	
	
	
	
	
	
	
	
	
	
	
	
	# of bits needed

	Nsrs = 1
	1st SRI field 
	0
	R 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1bit

	
	2nd SRI field
	0
	R1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1bit

	
	index
	0
	1
	2
	3
	4
	5
	6
	7
	
	
	
	
	
	
	
	
	

	Nsrs = 2
	1st SRI field, 
	0
	1  
	0,1
	R
	
	
	
	
	
	
	
	
	
	
	
	
	2bits

	
	2nd SRI field, 1 layer 
	0
	1
	R1
	R2
	
	
	
	
	
	
	
	
	
	
	
	
	2bits

	
	2nd SRI field, 2 layers 
	0,1
	R
	R1
	R2
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	index
	0
	1
	2
	3
	4
	5
	6
	7
	
	
	
	
	
	
	
	
	

	Nsrs = 3
	1st SRI field, 
	0
	1
	2
	0,1
	0,2
	1,2
	0,1,2
	R
	
	
	
	
	
	
	
	
	3bits

	
	2nd SRI field, 1 layer 
	0
	1
	2
	
	
	
	R1
	R2
	
	
	
	
	
	
	
	
	3bits

	
	2nd SRI field, 2 layers 
	0,1
	0,2
	1,2
	
	
	
	R1
	R2
	
	
	
	
	
	
	
	
	

	
	2nd SRI field, 3 layers 
	0,1,2
	
	
	
	
	
	R1
	R2
	
	
	
	
	
	
	
	
	

	
	index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	

	Nsrs = 4
	1st SRI field, 
	0
	1
	2
	3
	0,1
	0,2
	0,3
	1,2
	1,3
	2,3
	0,1,2
	0,1,3
	0,2,3
	1,2,3
	0,1,2,3
	R
	4bits

	
	2nd SRI field, 1 layer 
	0
	1
	2
	3
	
	
	R1
	R2
	
	
	
	
	
	
	
	
	3bits
[1 bit saved]

	
	2nd SRI field, 2 layers 
	0,1
	0,2
	0,3
	1,2
	1,3
	2,3
	R1
	R2
	
	
	
	
	
	
	
	
	

	
	2nd SRI field, 3 layers 
	0,1,2
	0,1,3
	0,2,3
	1,2,3
	
	
	R1
	R2
	
	
	
	
	
	
	
	
	

	
	2nd SRI field, 4 layers 
	0,1,2,3
	
	
	
	
	
	R1
	R2
	
	
	
	
	
	
	
	
	





1.3 PINL Field Designs for CB-based PUSCH
Table 7.3.1.1.2-2: Precoding information and number of layers, for 4 antenna ports, if transform precoder is disabled, maxRank = 2 or 3 or 4, and ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower 
	7.3.1.1.2-2
codebookSubset
	1 layer 
	2 layers 
	3 layers
	4 layers
	Total # of TPMIs
	# of states needed for maxRank 2/3/4

	fully/Partial/Noncoherent
	28 TPMIs 
	22 TPMIs 
	7 TPMIs 
	5 TPMIs 
	62 TPMIs
6 bits
	28/28/28 states
5/5/5 bits [savings of 1 bit]

	Partial/Noncoherent
	12 TPMIs 
	14 TPMIs
	3 TPMIs 
	3 TPMIs
	32 TPMIs
5 bits
	15/15/15 states
4/4/4 bits [savings of 1 bit]

	Noncoherent
	4 TPMIs 
	6 TPMIs 
	1 TPMI 
	1 TPMI 
	12 TPMIs
4 bits
	6/6/6 states
3/3/3 bits [savings of 1 bit]




Table 7.3.1.1.2-2A: Precoding information and number of layers for 4 antenna ports, if transform precoder is disabled, maxRank = 2, and ul-FullPowerTransmission = fullpowerMode1 
	7.3.1.1.2-2A
codebookSubset
	1 layer 
	2 layers 
	3 layers
	4 layers
	Total # of TPMIs
	# of states needed for maxRank 2

	Partial/Noncoherent
	16 TPMIs 
	14 TPMIs 

	
	
	30 TPMIs
5 bits
	16 states
4 bits [savings of 1 bit]

	Noncoherent
	5 TPMIs 
	7 TPMIs 
	
	
	12
4 bits
	7 states
3 bits [savings of 1 bit]




Table 7.3.1.1.2-2B: Precoding information and number of layers for 4 antenna ports, if transform precoder is disabled, maxRank = 3 or 4, and ul-FullPowerTransmission = fullpowerMode1
	7.3.1.1.2-2B
codebookSubset
	1 layer 
	2 layers 
	3 layers
	4 layers
	Total # of TPMIs
	# of states needed for maxRank 3/4

	Partial/Noncoherent
	16 TPMIs 
	14 TPMIs
	3 TPMIs 
	3 TPMIs 
	36
6 bits
	16/16 states
4/4 bits [savings of 2 bits]

	Noncoherent
	5 TPMIs 
	7 TPMIs 
	2 TPMIs 
	1 TPMI
	15
4 bits
	7/7 states
3/3 bits [savings of 1 bit]




Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if transform precoder is disabled, maxRank = 2, and ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower 
	7.3.1.1.2-4
codebookSubset
	1 layer 
	2 layers 
	3 layers
	4 layers
	Total # of TPMIs
	# of states needed for maxRank 2

	fully/Partial/Noncoherent
	6 TPMIs 
	3 TPMIs
	
	
	9
4 bits
	6 states
3 bits [savings of 1 bit]

	Noncoherent
	2 TPMIs 
	1 TPMI
	
	
	3
2 bits
	2 states
1 bit [savings of 1 bit]



Table 7.3.1.1.2-4A: Precoding information and number of layers, for 2 antenna ports, if transform precoder is disabled, maxRank = 2, and ul-FullPowerTransmission = fullpowerMode1 
	7.3.1.1.2-4A
codebookSubset
	1 layer 
	2 layers 
	3 layers
	4 layers
	Total # of TPMIs
	# of states needed for maxRank 2

	Noncoherent
	3 TPMIs 
	1 TPMI
	
	
	4 
2 bits
	3 states
2 bits [no savings]




Appendix-3

PUCCH format-3 simulation assumptions

	Parameters
	Potential values

	Numerology
	120 kHz SCS, 200 MHz BW (30 GHz)

	Channel
	TDL-A (30ns) in FR2, 3 kmph

	Blockage
	10% probability, 10 dB blockage

	Baseline scheme
	1-TRP intra-slot FH + inter-slot repetition

	TBS
	11 bits, 4 symbol/slot PUCCH

	DMRS pattern
	1 DM-RS

	Antenna config
	1Tx, 2Rx

	Schemes
	intra-slot beam hopping, intra-slot repetition, inter-slot repetition

	Receiver assumption
	selection diversity, soft-combining

	Channel estimation
	MMSE
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