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Introduction
In RAN#86, further enhancements on MIMO for NR have been approved [1]. The objective includes:
· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
· 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 will discuss the multi-TRP enhancement for PUCCH and PUSCH, respectively.

Multi-TRP Enhancements on PUCCH
In RAN1#104b_e, the following agreements related to PUCCH multi-TRP enhancement were reached [2].
	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 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.

Agreement 
Confirm the following 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.

Agreement 
Confirm the following Working Assumption (with small correction of typo and clarification on UE capability in RED):
· 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 parameter set mapping to sub-slots.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 

Agreement
When inter-slot frequency hopping is configured with Scheme 1, decide one from the below options in RAN1#105-e meeting,  
· Option 1
· If sequential mapping pattern is configured, frequency hopping is performed on slot level (as in Rel-15).
· If cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam. 
· Option 2: 
· gNB always configures sequential mapping pattern and frequency hopping is performed on slot level. (no spec impact)
· Option 3:
· Frequency hopping is performed on slot level as in Rel-15 (no spec impact). 



Repetition schemes

The most important issue for multi-TRP PUCCH enhancement is the repetition scheme. According to the agreement in the previous meeting, both inter-slot repetition and intra-slot repetition are supported. The remaining issue is whether to additionally support intra-slot beam hopping.
We consider that intra-beam hopping for PUCCH should be supported. Similar to frequency hopping that exploits diversity gain in the frequency domain, intra-beam hopping can help a PUCCH to exploit diversity gain in the spatial domain. Hence, the robustness of the PUCCH is improved. For example, as shown in Figure 1, a repetition of PUCCH format 3 with intra-slot beam hopping is transmitted in slot n+k. The first half of the PUCCH repetition is assigned to TRP#1 and the second half of the PUCCH repetition is assigned to TRP#2. It is notable that each part of the PUCCH only contains a segment of the coded UCI bits. This improves the robustness of the PUCCH especially when one of the UL channels corresponding to one of the two TRPs experiences deep fading.
Proposal 1: For the TDMed PUCCH schemes for multi-TRP enhancement, support intra-slot beam hopping (scheme 2).

Power control
In the previous meeting, 4 options are provided to support per TRP closed-loop power control for PUCCH. In our view, the intention of per TRP close-loop power control is to adjust closed-loop power control parameter(s) for PUCCH repetitions for different TRPs independently. Hence, option 1 is not preferred since the TPC adjustment for each TRP is dependent. For option 2, it is unclear and there is a lack of detail on how the TPC adjustment can be applied for different TRPs. For option 3 and option 4, we consider that both of them are workable and slightly prefer option 3 since it is aligned with the design principle of SRI fields for multi-TRP PUSCH.
Proposal 2: For close-loop power control enhancement on multi-TRP PUCCH, support option 3:
· A second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2.

Inter-slot frequency hopping of scheme 1
In the previous meeting, 3 options are provided to handle the inter-slot frequency hopping of scheme 1. From the perspective of functionality, the key difference among those 3 options is whether to support slot-based frequency hopping per TRP for PUCCH transmission with a cyclic beam pattern. In our view, option 1 is preferred since it supports that. We fail to see that reason that Rel-17 should only support slot-based frequency hopping for a sequential mapping pattern but not for a cyclic mapping pattern. This results in unnecessary reliability penalty for the case of a cyclic mapping pattern. As discussed in Rel-16, cyclic mapping outperforms sequential mapping in the scenario of high blockage probability. If option 1 is not adopted, the system performance in that scenario may degrade.
Proposal 3: When inter-slot frequency hopping is configured with Scheme 1, option 1 is preferred:
· If a sequential mapping pattern is configured, frequency hopping is performed at slot level (as in Rel-15).
· If a cyclical mapping pattern is configured, frequency hopping is performed among the repetitions within the same beam. 

Multi-TRP Enhancements on PUSCH
In RAN1#104b_e, the following agreements related to PUSCH multi-TRP enhancement were reached [2].
	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.

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

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

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

Agreement
For CB based M-TRP PUSCH repetition, the first TPMI field is used to determine the entry of the second TPMI field which only contains TPMIs corresponding to the indicated rank (number of layers) of the first TPMI field. The second TPMI field’s bit width, M2, is determined by the maximum number of TPMIs per rank among all ranks associated with the first TPMI field. For each rank y, the first Ky codepoint(s) of the second TPMI field are mapped to Ky TPMI(s) of rank y associated with the first TPMI field in increasing order codepoint index, the remaining (2M2-Ky) codepoint(s) are reserved.
· How to describe/capture this in 38.212 is up to the editor.

Agreement
For single DCI based M-TRP PUSCH Type B repetition, the indication of PTRS-DMRS association for maxRank > 2 is supported, down select one of the following options in RAN1 #105-e meeting, 
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· Option 1 (4 bits): with a second PTRS-DMRS association field (similar to the existing field), and each field separately indicating the association between PTRS port and DMRS port for two TRPs. 
· Option 2 (2 bits): using the existing PTRS-DMRS association field in DCI for the first TRP, and using reserved entries/bits in DM-RS port indication field for the second TRP.
· Option 3 (2 bits): 1 bit MSB is used to indicate PTRS-DMRS association for the first TRP, and 1 bit LSB is used to indicate PTRS-DMRS association for the second TRP
· if maxNrofPorts = 1, the 1 bit indicates one of the first two DMRS ports. 
· if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port.

Agreement
[bookmark: _Hlk70588643]For type 1 or type 2 CG based multi-TRP PUSCH repetition, 
· Introduce the second fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig’ 
· For type 1 CG based m-TRP PUSCH repetition, introduce the second fields of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator' and 'precodingAndNumberOfLayers' in 'rrc-ConfiguredUplinkGrant'.
· For type 2 CG based M-TRP PUSCH, two SRIs/TPMIs are indicated via the activating DCI.
· FFS1: UL PT-RS port(s) and DM-RS port(s) for CG type 1
· FFS3: Details on RV mapping. 
· FFS4: Possible transmission occasion for initial transmission
· FFS5: Other TRP specific parameters in 'rrc-ConfiguredUplinkGrant', e.g., 'dmrs-SeqInitialization'.




In the following, several aspects are discussed on the enhancement of multi-TRP PUSCH.

Power control
For per TRP closed-loop power control for PUSCH, four options on TPC field were agreed for further study. In our view, the intention of per TRP close-loop power control is to adjust closed-loop power control parameter(s) for PUSCH repetitions for different TRPs independently. Hence, option 1 is not preferred since the TPC adjustment for each TRP is dependent. For option 2, it is unclear and lack of detail that how the TPC adjustment can be applied for different TRPs. For option 3 and option 4, we consider that both of them are workable and slightly prefer option 3 since it is aligned with the design principle of SRI fields for multi-TRP PUSCH.
Proposal 4: For power control enhancement on multi-TRP PUSCH, support option 3:
· A second TPC field is added in DCI formats 0_1 / 0_2.

Possible transmission occasion for initial transmission for configured grant
In the previous meeting, a number of RRC parameters were agreed for supporting independent power control of configured grant PUSCH transmission towards M-TRPs. A leftover issue is how to determine the possible transmission occasion for initial transmission of m-TRP configured grant PUSCH. In Rel-15/16, the possible starting transmission occasion among K repetitions for configured grant PUSCH is according to the corresponding configured RV sequence. For example, if the RV sequence is {0,2,3,1}, the initial transmission of a TB may start at the first transmission occasion among the K repetitions. In Rel-17, since the RV sequence is applied to the transmission occasions for each TRP, for the purpose of latency reduction, a natural extension is to generalize the rule from sTRP to mTRP. That is, if the RV sequence is {0,2,3,1}, initial transmission of a TB may start at the first transmission occasion among the K repetitions for each TRP.
Proposal 5: For type 1 or type 2 CG based multi-TRP PUSCH repetition, support the following:
· If the RV sequence is {0,2,3,1}, initial transmission of a TB may start at the first transmission occasion among the K repetitions for each TRP.

Frequency hopping
A UE performs uplink frequency hopping to exploit frequency diversity. In the case of mTRP PUSCH transmission, if enabled, it is preferred to perform frequency hopping among the repetitions within the same beam. This can help to minimize frequency selective fading per TRP. In comparison, if frequency hopping is performed across different beams, it is possible that the repetitions for the same beam are always with the same frequency hop. If so, in the case that the channels corresponding to those beams do not share similar frequency selective fading, the performance gain of using frequency hopping is negligible. Hence, we have the following proposal.
Proposal 6: In the case of mTRP PUSCH transmission, if enabled, frequency hopping should be performed among the repetitions within the same beam.

Conclusions
In this contribution, we discussed the Multi-TRP enhancements for PDCCH, PUCCH and PUSCH and the corresponding proposals are listed as follows.
Proposal 1: For the TDMed PUCCH schemes for multi-TRP enhancement, support intra-slot beam hopping (scheme 2).
Proposal 2: For close-loop power control enhancement on multi-TRP PUCCH, support option 3:
· A second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2.
Proposal 3: When inter-slot frequency hopping is configured with Scheme 1, option 1 is preferred:
· If a sequential mapping pattern is configured, frequency hopping is performed at slot level (as in Rel-15).
· If a cyclical mapping pattern is configured, frequency hopping is performed among the repetitions within the same beam. 
Proposal 4: For power control enhancement on multi-TRP PUSCH, support option 3:
· A second TPC field is added in DCI formats 0_1 / 0_2.
Proposal 5: For type 1 or type 2 CG based multi-TRP PUSCH repetition, support the following:
· if the RV sequence is {0,2,3,1}, initial transmission of a TB may start at the first transmission occasion among the K repetitions for each TRP.
Proposal 6: In the case of mTRP PUSCH transmission, if enabled, frequency hopping should be performed among the repetitions within the same beam.
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Figure 1. Intra-slot beam hopping for multi-TRP (PUCCH)
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