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1. [bookmark: _Ref4683067] Introduction 
The objective for this agenda item, stated in [1], is given by
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. 
Due to restricted TUs for the FeMIMO WI in this meeting, in this contribution we restrict attention to the discussion of multi-TRP for PUCCH and PUSCH based on the outcome of the RAN1#104bis-e meeting [2].

2. Beam Mapping and Frequency Hopping
In the RAN1#104bis-e meeting, we have the following agreements on beam mapping pattern [2]:
	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
Confirm the following working assumption (with removing the last bullet):
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)



For the case of 2 repetitions, it is better to have a similar design as M-TRP PDSCH developed in R16 in order to have the full beam diversity:
“When the value indicated by repetitionNumber in PDSCH-TimeDomainResourceAllocation equals to two, the second TCI state is applied to the second PDSCH transmission occasion.”
That is, the second beam should be applied to the second PUCCH/PUSCH repetition and the sequential/cyclical mapping pattern is applied only when the number of repetitions is larger than 2.
Proposal 1: For M-TRP PUCCH Scheme 1 and Scheme 3, when the number of repetition is equal to two, the second spatial relation info is applied to the second PUCCH repetition.
Proposal 2: For M-TRP PUCCH Scheme 1 and Scheme 3 in FR1, when the number of repetition is equal to two, the second power control parameter set is applied to the second PUCCH repetition.
Proposal 3: For single-DCI based M-TRP PUSCH repetition types A and B, when the number of repetition is equal to two, the second UL beam is applied to the second PUSCH repetition.

In the RAN1#104bis-e meeting, we have the following agreement on frequency hopping [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).



The differences among the three options are illustrated in Figure 1. Indeed Option 1 can attain full frequency diversity gain comparing with Options 2 and 3. On the other hand, sequential mapping pattern with frequency hopping on slot level can attain the same diversity gain as well. The difference is on the order of beam diversity and frequency diversity, where the cyclical mapping in Option 1 can first attain the full beam diversity. We do not see a strong reason to realize beam diversity first, so Options 2 and 3 are more preferable since there is no specification impact.
Proposal 4: Support either Option 2 or Option 3 when inter-slot frequency hopping is configured with inter-slot PUCCH repetition (Scheme 1).


Figure 1: Comparison of options for inter-slot frequency hopping with cyclical mapping pattern.

3. Enhancements on Multi-TRP for PUSCH
In the RAN1#104bis-e meeting, we have the following agreement on PHR reporting related to M-TRP PUSCH repetition [2]:
	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



PHR is helpful for gNB’s scheduling and reporting two PHRs provides the best performance in general. For single-DCI based M-TRP PUSCH transmission, the required power control parameters for both TRPs are attained simultaneously after decoding the DCI, so the existing condition on multiple-entry PHR reporting for dynamic grant can be reused. The case of M-TRP CG PUSCH is similar. Furthermore, even if mpe-Reporting-FR2 is configured, the MPE calculation for both TRPs can be performed before the triggering of PHR reporting. Therefore, Option 4 can work and should be supported.
Proposal 5: For PHR reporting related to M-TRP PUSCH repetition, support Option 4, i.e., calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs.


In the RAN1#104bis-e meeting, we have the following agreement on PTRS-DMRS association [2]:
	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.



[bookmark: _GoBack]It is likely to support simultaneous transmission across multiple panels in a future release and thus more DMRS entries may be introduced. Considering forward compatibility, it is better not to exploit reserved entries at this stage. Thus, Option 2 is not preferable. On the other hand, between Option 1 and Option 3, Option 1 may have a better performance and Option 3 does not increase the DCI payload. To make the system more flexible, Option 1 can be supported for DCI format 0_1 for a better performance and Option 3 can be supported for DCI format 0_2, which is intended to reduce DCI payload.

Proposal 6: For single DCI based M-TRP PUSCH repetition Type B with maxRank > 2, the indication of PTRS-DMRS association supports Option 1 for DCI format 0_1 and Option 3 for DCI format 0_2.

4. Conclusion
In summary, based on the above discussion we have the following proposals:
Proposal 1: For M-TRP PUCCH Scheme 1 and Scheme 3, when the number of repetition is equal to two, the second spatial relation info is applied to the second PUCCH repetition.
Proposal 2: For M-TRP PUCCH Scheme 1 and Scheme 3 in FR1, when the number of repetition is equal to two, the second power control parameter set is applied to the second PUCCH repetition.
Proposal 3: For single-DCI based M-TRP PUSCH repetition types A and B, when the number of repetition is equal to two, the second UL beam is applied to the second PUSCH repetition.
Proposal 4: Support either Option 2 or Option 3 when inter-slot frequency hopping is configured with inter-slot PUCCH repetition (Scheme 1).
Proposal 5: For PHR reporting related to M-TRP PUSCH repetition, support Option 4, i.e., calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs.
Proposal 6: For single DCI based M-TRP PUSCH repetition Type B with maxRank > 2, the indication of PTRS-DMRS association supports Option 1 for DCI format 0_1 and Option 3 for DCI format 0_2.
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