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1. INTRODUCTION
The work on the WID for Rel-17 eMIMO [1] kicked off in the RAN1 #102-e meeting. This AI studies the enhancements to physical channels other than PDSCH for multi-TRP operation as laid out in the WID:

	2. 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 previous meetings, discussion on PDCCH, PUCCH, and PUSCH enhancements continued, and as a result several agreements were reached [2]. For this meeting, the focus is on the uplink enhancements only. In this contribution, we provide our views on the remaining open issues on PUCCH and PUSCH enhancements. 
 
2. PUCCH

[bookmark: _Hlk71037871]Frequency hopping beam mapping

	When inter-slot frequency hopping is configured with Scheme 1, decide one from the below options in RAN1#105-e meeting,  
· Option 1
· [bookmark: _Hlk71291107]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:
· [bookmark: _Hlk71294693]Frequency hopping is performed on slot level as in Rel-15 (no spec impact). 



For multi-TRP PUCCH transmission schemes, it has been agreed to support Scheme 1 that is based on inter-slot repetition. According to Scheme 1, a first PUCCH resource carries a UCI, and then another PUCCH resource or the same PUCCH resource in one or more additional slots carries a repetition of the UCI. In Rel-16, a PUCCH-Config IE can be configured with a variable interslotFrequencyHopping. If enabled, the PUCCH is repeated over multiple slots defined by a configured nrofSlots where for every slot the transmission is hopped according to the configured secondHopPRB. In this mechanism, a same spatial filter is mapped to all repetitions. 

In Rel-17 multi-TRP transmission, the UE applies two spatial filters where each is targeting a different TRP. To achieve more diversity, different mapping patterns can be used for spatial filters, namely: cyclical and sequential mapping. With a 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. However when using a 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. 

A remaining issue that needs to be addressed is how to map spatial filters when frequency hopping is enabled. In the last meeting, three options were agreed for down-selection. Among the options, Option 3 is the most straightforward solution. By employing Option 3, similar to Rel-15, frequency hopping is performed on slot level regardless of configured beam mapping pattern; there will be no impact on specification. However according to Option 2, when UE is configured for inter-slot frequency hopping, gNB always configures sequential mapping pattern and frequency hopping is performed on slot level. And again, similar to Option 3, there will not be any impact on the specification. The main limitation of Option 2 is that cyclical mapping will not be supported when hopping is configured. 
In Option 1, use of both mapping pattern are supported, however the hopping mechanism would be different according to the configured beam mapping pattern. As such, if sequential mapping pattern is configured, frequency hopping is performed on slot level, as in Rel-15. However, when cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam.

[bookmark: _Hlk71294606]In our view, Option 1 could potentially provide additional frequency diversity gain in certain scenarios, however it involves a higher complexity, and also it may impact channel estimation accuracy. As for Option 2, we do not think that a network should be prevented to use cyclical beam mapping when hopping is activated. Therefore, in our view, Option 3 is a better way forward amongst the proposed options, as it supports both beam mapping mechanism, and also it does not require any change in the specifications.

Observation 1: Option 3 supports both beam mapping mechanism, and also it does not require any change in the specifications.

Proposal 1: Support Option 3 where frequency hopping is performed on slot level as in Rel-15 (no spec impact).


3. PUSCH

PHR reporting
	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 



[bookmark: _Hlk71299997]For Rel-17 multi-TRP, maintaining separate power control parameter sets to support independent power control for uplink transmissions to two TRPs has been agreed. Therefore, since power control operation is per TRP, it would be natural to support PHR reporting per TRP as well. According to their descriptions, in Option 1 and 5, only one PHR is computed and supported. Also in Option 2, despite calculating two PHR values, UE still reports only one of the two calculated values. Hence, from the four proposed options for down-selection, only Option 4 seems appropriate for a multi-TRP transmission. In Option 4, UE calculates and reports two PHR values where each is associated with a first PUSCH occasion to a TRP.
[bookmark: _Hlk71039447]
Observation 2: For Rel-17 multi-TRP, maintaining separate power control parameter sets to support independent power control for uplink transmissions to two TRPs has been agreed. 
Proposal 2: Support Option 4, by which UE calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs

SRI design and STRP/MTRP dynamic switching
	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.
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.
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



[bookmark: _Hlk71301704]	In the previous meetings, it was agreed to introduce a second TPMI and SRI for CB-based and non-CB based transmissions, respectively. Some details for the second TPMI has been agreed, however for the case of second SRI, a similar level of details are captured as working assumption. We believe that a unified solution should be used for the case of SRI indication as well, and there is no point in introducing a different mechanism rather than what is agreed for the TPMI case in CB-based transmission. Furthermore, adoption of a similar approach facilitates the specification work.

Observation 3: There is no point in introducing a different mechanism for indication of the second SRI in non-CB case rather than what is agreed for the TPMI case in CB-based transmission. 

Proposal 3: Confirm the working assumption for indication of the second SRI for non-CB transmission case.

Another important point of discussion was related to STRP/MTRP dynamic switching; as a result, introduction of a new DCI field to accommodate the dynamic switching was captured as a working assumption. To enable dynamic switching between STRP/MTRP, we think it is imperative to have a clean and forward-looking solution by introducing a new field into a DCI scheduling MTRP PUSCH repetitions. Such solution has the benefit of being equally applicable to either CB or non-CB based PUSCH transmissions. As for the size of the new field, two options of 1 or 2 bits are being considered. A single bit may be sufficient, and it could easily accommodate dynamic switching between a single and multi-TRP case. However, if a 2 bits field is adopted, there could be also the possibility of indication of which TRP to be considered as the TRP of interest in the case of STRP. 

[bookmark: _Hlk71101382]Observation 4: Introduction of a new DCI field has the benefit of being equally applicable to either CB or non-CB based PUSCH transmissions. 

Proposal 4: Confirm the working assumption and introduce 2 bits in the new field for STRP/MTRP dynamic switching.  



Mapping patterns and beam switching gaps
	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) 


	
[bookmark: _Hlk71304522]In the last meeting, it was agreed to support both sequential and cyclic beam mapping for PUSCH repetition Types A and B. However, the support of half-half mapping is still for further discussion. We do not see a clear performance benefit from half-half mapping. In fact, a half-half beam mapping may require additional consideration to allow beam switching.

Observation 5: It is not clear whether there is any performance benefit resulted from employing half-half mapping. 

Proposal 5: RAN1 does not support half-half mapping. 

[bookmark: _Hlk71305639]	Per RAN1 request, RAN4 provided some guidance with respect to the required time for beam switching. RAN4 determined the required beam switching time from a same panel, however the required time for inter-panel beam switching has not been determined yet. Nevertheless, it is expected that the time would be longer and dependent one various other factors such as: power state (on/off), implementation (UE capability), etc. Therefore, we believe that a configurable time offset would be needed. 

[bookmark: _Hlk71102256]Observation 6: It is expected that inter-panel beam switching time would be longer and dependent one various other factors such as: power state (on/off), implementation (UE capability).  

Proposal 6: RAN 1 supports configurable beam switching gaps. 

4. CONCLUSIONS
This contribution discussed the uplink multi-TRP physical channel enhancements. Based on the presented discussion, we make the following observations and proposals:

Observation 1: Option 3 supports both beam mapping mechanism, and also it does not require any change in the specifications.

Observation 2: For Rel-17 multi-TRP, maintaining separate power control parameter sets to support independent power control for uplink transmissions to two TRPs has been agreed. 

Observation 3: There is no point in introducing a different mechanism for indication of the second SRI in non-CB case rather than what is agreed for the TPMI case in CB-based transmission. 

Observation 4: Introduction of a new DCI field has the benefit of being equally applicable to either CB or non-CB based PUSCH transmissions. 

Observation 5: It is not clear whether there is any performance benefit resulted from employing half-half mapping.

Observation 6: It is expected that inter-panel beam switching time would be longer and dependent one various other factors such as: power state (on/off), implementation (UE capability).  


Proposal 1: Support Option 3 where frequency hopping is performed on slot level as in Rel-15 (no spec impact).

Proposal 2: Support Option 4, by which UE calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs

Proposal 3: Confirm the working assumption for indication of the second SRI for non-CB transmission case.

Proposal 4: Confirm the working assumption and introduce 2 bits in the new field for STRP/MTRP dynamic switching.  

Proposal 5: RAN1 does not support half-half mapping. 

Proposal 6: RAN1 supports configurable beam switching gaps. 
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