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Introduction
This contribution provides our views on the topics involving PUCCH enhancement, and PUSCH enhancement for multi-TRP case. 
Discussion
PUSCH enhancement
Last meeting, there was one agreement for PHR reporting as following. 
	Agreement
For PHR reporting related to M-TRP PUSCH repetition, select one from the following options in RAN1 #105-e meeting. 
· Option 1:  Calculate one PHR associated with the first PUSCH occasion (earliest repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted) 
· Option 2: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them 
· FFS: How to select the PHR for reporting. 
· Option 4: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs 
· Option 5: No changes to legacy PHR reporting



In single-DCI based Multi-TRP operation, the actual PHR of the two links is different based on the two sets of power control parameters. Last meeting, there were four options for down selection. For Option5, the UE may be confused about calculating PHR based on which set of power control parameters. Thus, we do not support Option5 for the UE ambiguous behavior. Regarding Option1, calculating PHR is always based on the first PUSCH occasion, which will not reflect TRP-specific information. According to Option1, if the reported PHR based on TRP1 is larger than the actual PHR of TRP2, then the network adjusts the power according to the link of TRP1, which may exceed the power headroom of the link towards TRP2. Thus, we don't support Option1. For Option2 and Option4, they both calculate two PHRs for two TRP respectively. In our opinion, reporting one PHR from one TRP is enough. In addition, reporting two PHRs perhaps will introduce new MAC CE, and bring in additional spec work load. It is not preferable, especially considering limited FeMIMO TUs in RAN2. Thus, we prefer option2. Regarding the FFS in Option2, a pre-defined rule can be considered as following:
· Option 2-1: The UE selects the smaller PHR for reporting. 
· Option 2-2: The UE selects the PHR based on the link which triggers the event for reporting.
For Option 2-1, it is a conservative way for UE because the network can adjust the power for both link, which will not exceed the power headroom of either link. For Option 2-2, the UE reports the PHR of the link that triggers the reporting event, and network can adjust the power of the link accordingly. 
    
Proposal 1: For multi-TRP operation, support to report one PHR of the calculated two PHRs for multiple TRPs separately.
Last meeting, there was a Working Assumption about dynamic switching between STRP and MTRP as following: 
	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



In general, introducing a new field in DCI for dynamic switching between STRP and MTRP is a unified and simple way for both non-CB and CB based MTRP PUSCH repetition. Thus, we prefer to confirm the working assumption.
Proposal 2: Confirm the following working assumption
· Introduce a new field in DCI to indicate at least the S-TRP or M-TRP operation.
Regarding the last FFS, in our understanding, one bit is enough for dynamic switching. In Rel-16 S-DCI based PDSCH enhancement, the first TCI field always exits while the second field can be present optionally. Likewise, we can always assume the first SRS resource set is valid when switching to single TRP operation. The benefit of indicating TRP1 or TRP2 is unclear for us while it requires one more bit. Thus, the introduced new field with 1 bit is enough. 
Proposal 3: For indicating STRP/MTRP dynamic switching, support the introduced new field is 1 bit.

	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.



In Rel-16, the network can modify the P0 via OLPC set indication field for the power boosting of URLLC transmission. Specifically, DCI 0-1 or DCI 0-2 can indicate another P0 value which configured by RRC when the uplink URLLC transmission collides with an eMBB transmission. For S-DCI based multi-TRP PUSCH repetition, it is possible that eMBB transmission collides with the PUSCH from one of the two TRPs. Then how to indicate the open loop power control parameters set for multi-TRP separately can be considered. 
Regarding the FFS part, we prefer not to extend the DCI size. Similarly, we can take the mechanism of indicating PTRS-DMRS association when the MaxRank<2 as a reference, which will not increase the DCI size but can indicate two PTRS-DMRS association separately. We can use the MSB bit of OLPC set indication field to indicate OLPC for one TRP, and the LSB of OLPC set indication field can be used to indicate OLPC for another TRP.
Proposal 4: For S-DCI based multi-TRP PUSCH repetition, support 1 bit MSB is used to indicate open-loop power control parameter for the first TRP, and 1 bit LSB is used to indicate open-loop power control parameter for the second TRP.

	Agreement 
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 Rel-16, it is shown that if Configuredgrantconfig-StartingfromRV0 is set to “on”, the initial transmission of a transport block may start at any of the TO of the actual repetition if the RV sequence is set to {0,0,0,0}, except the actual repetitions within the last nominal repetition when K>=8. According to the spec., the CG PUSCH shown in the example of Fig.1 can start at nominal repetition K-1. Since sequential mapping is applied, the last two repetitions both use TRP 2 link to transmit, the space diversity gain may not be obtained in this case. To maintain the performance of multi-TRP based CG repetition transmission, an enhancement for TO for initial transmission can be considered, E.X., a transport block may start at any of the TO of the actual repetition if the RV sequence is set to {0,0,0,0}, except the actual repetitions within the last TRP durations when K>=8.



Fig.1, starting TO for CG PUSCH with multi-TRP
[bookmark: _GoBack]Proposal 5: For multi-TRP CG PUSCH repetition, an enhancement for possible transmission occasion for initial transmission can be considered.
PUCCH enhancement
· Frequency hopping
In last meeting, there was one agreement for frequency hopping as following. 
	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). 



Regarding frequency hopping, there were three Options for down selection. For Option1, it will bring some spec efforts while the benefits have not been verified. Both Option2 and Option3 have no spec impact, and Option 2 is more restrictive than Option3. We prefer not to limit the network to always configure sequential mapping when the UE is configured with inter-slot hopping for more flexibility. Thus, we have the following proposal: 
Proposal 6: When inter-slot frequency hopping is configured with Scheme 1, frequency hopping is performed on slot level regardless of the mapping order.
· [bookmark: OLE_LINK9][bookmark: OLE_LINK11]Intra-slot beam hopping
One of the motivation to introduce intra-slot multi-TRP transmission is to reduce latency. Comparing with scheme3, each part of PUCCH transmission based on scheme 2 cannot do self-decoding if the other part of PUCCH transmission with other link is blocked, so the benefit of multi-TRP is lost. Moreover, scheme 3 is enough for multi-TRP PUCCH repetition with low latency, there is no necessarily to support scheme 2. Overall, we have the following proposal:  
Proposal 7: Do not support intra-slot beam hopping (scheme 2).
· Scheme 3 transmission
To further increase the reliability and reduce latency by replacing sub-slot with slot, we think there is no necessity to constraint the repetition number to be 2. In addition, it has been agreed to support sub-slot based PUCCH repetition in Rel-17 eIIoT and reuse the Rel-16 slot-based PUCCH schemes as much as possible. To keep consistence with Rel-17 eIIoT, repetition numbers being larger than 2 can be supported for multi-TRP scheme 3. 
Proposal 8: Support repetition number being larger than 2 for multi-TRP scheme 3 transmission. 
· Beam mapping:
A remaining issue of the last meeting is how to handle the beam mapping if PUCCH/PUSCH is dropped due to invalid UL symbols. Note that dynamic SFI should be considered since PUCCH/PUSCH transmission would be affected by dynamic SFI, especially for CG PUSCH. If a dynamic SFI is configured, but it is miss detected by a UE, the UE would not change the remaining transmit beam pattern, but gNB would receive UL transmission according to a new beam pattern considering the dynamic SFI indication. Misunderstanding between gNB and UE will cause as a result.  Considering this, we think that the beam mapping pattern should not consider PUCCH/PUSCH dropping due to invalid UL symbols as a unified solution. 
Proposal 9: Enhancement of beam mapping pattern for PUCCH/PUSCH dropping due to invalid UL symbols is not considered.

Conclusion 
In this contribution, we provide our opinions on further enhancements on multi-TRP/panel transmission. Based on the discussions, we have the following proposals:
Proposal 1: For multi-TRP operation, support to report one PHR of the calculated two PHRs for multiple TRPs separately.
Proposal 2: Confirm the following working assumption
· Introduce a new field in DCI to indicate at least the S-TRP or M-TRP operation.
Proposal 3: For indicating STRP/MTRP dynamic switching, support the introduced new field is 1 bit.
Proposal 4: For S-DCI based multi-TRP PUSCH repetition, support 1 bit MSB is used to indicate open-loop power control parameter for the first TRP, and 1 bit LSB is used to indicate open-loop power control parameter for the second TRP.
Proposal 5: For multi-TRP CG PUSCH repetition, an enhancement for possible transmission occasion for initial transmission can be considered.
Proposal 6: When inter-slot frequency hopping is configured with Scheme 1, frequency hopping is performed on slot level regardless of the mapping order.
Proposal 7: Do not support intra-slot beam hopping (scheme 2).
Proposal 8: Support repetition number being larger than 2 for multi-TRP scheme 3 transmission. 
Proposal 9: Enhancement of beam mapping pattern for PUCCH/PUSCH dropping due to invalid UL symbols is not considered.
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