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1 Introduction
In this contribution, we discuss enhancements of multi-TRP PUSCH and PUCCH transmission to improve the reliability and robustness. 
2 PDCCCH enhancements
Void for this meeting.

3 PUSCH enhancements
The enhancements of multi-TRP PUSCH transmission are discussed in this section. One thing worth noting is the increase of DCI payload size by summarizing the agreed/discussed enhancements for PUSCH: 
· the second TPMI and SRI (up to 7 bits as being agreed),
· dynamic switching between single-TRP and multi-TRP (up to 2 bits if agreed), 
· PT-RS to DMRS mapping (up to 2 bits if agreed), 
· TPC field (up to 2 bits if agreed), 
· OLPC indication (1 bit if agreed). 
With the enhancements, in total 14 bits will be added in the DCI, which would deteriorate the PDCCH reliability. 
3.1 Dynamic switching between single-TRP and multi-TRP operation
	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


For indication of dynamic switching between STRP and MTRP PUSCH repetition, at least three states in DCI are needed, where two states are for single-TRP and one state is for multi-TRP. In this case, the new field with 2 bits is the most straightforward solution. So we have the following proposal: 
Proposal 1: To indicate dynamic switching between single-TRP and multi-TRP PUSCH repetition, 2 bits are needed for the new field in DCI.

3.2 PUSCH power control
We have agreed four options for TPC field enhancement for multi-TRP based PUSCH. 
	[bookmark: OLE_LINK2][bookmark: OLE_LINK3]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.


Option 1 is not preferred as it cannot operate separate power control for two TRPs. For example, consider the case where TRP1 needs TPC of -1dB while TRP2 needs TPC of +3dB due to different channel conditions. If TPC indicates -1dB, then received SINR at TRP2 will be too low for the required reliability, while if TPC indicates +3dB, strong interference from the UE will be generated and thus affects the performance of the network. As a result, the power of PUSCH transmission to TRPs cannot be properly set to enable the use of this feature. In addition, TRPs may also need to coordinate between each other for the power control and scheduling, which introduces further complexity. 
Option 3 and 4 can provide enough flexibility to adjust power separately for each TRP, but the DCI overhead is increased. As discussed at the beginning of section 3, increase of DCI bits is a non-negligible problem in this agenda. Therefore, these two options are not preferred. 
Option 2 can achieve the best trade-off between DCI overhead and power control flexibility. With option 2, the PUSCH transmissions to both TRPs can be set separately and properly. To indicate which beam/TRP the TPC field is applied for, some of the reserved states of fields can be utilized. As an example, if the new field for dynamically switching between sTRP and mTRP is 2 bits, the field can be used to indicate the beam/TRP that the TPC is applied for, which is illustrated in Table 1. Since to switch between sTRP and mTRP, only three states are needed, the reserved one can be used to indicate TPC application.
Table 1. Indication of dynamic switching between single-TRP and multi-TRP operation for PUSCH
	Bit field mapped to index
	Dynamic switching between single-TRP and multi-TRP operation for PUSCH

	0
	TRP1 (SRS resource set 0 is selected for PUSCH)

	1
	TRP2 (SRS resource set 1 is selected for PUSCH)

	2
	TRP1 + TRP2, (if one TPC field is configured, the TPC is applied for SRS resource set 0)

	3
	TRP1 + TRP2, (if one TPC field is configured, the TPC is applied for SRS resource set 1)



Based on the above discussion, we have the following proposal: 
Proposal 2: For per TRP closed-loop power control for PUSCH, support Option 2, i.e., a single TPC field is used in DCI, and the TPC value applied for one of two PUSCH beams at a slot.

3.3 Design of the second SRI field
	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.


In last meeting, the details of the second TPMI field for codebook based PUSCH transmission have been agreed. And for non-codebook based PUSCH, the details of the second SRI field are agreed as a working assumption. For non-codebook based PUSCH transmission, the second SRI can only be used to indicate the SRS resource without containing the RI to save DCI overhead, and the capturing and description in the spec can refer to that for codebook based PUSCH transmission. 
Proposal 3: Confirm the working assumption for the second SRI field for non-codebook based PUSCH transmission.

3.4 UCI on multi-TRP based PUSCH
	Agreement
For multiplexing A-CSI on two PUSCH repetitions in the case of multi-TRP PUSCH repetition,
· For S-DCI based multi-TRP PUSCH repetition Type B, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the first (X = 1) PUSCH repetition corresponding to the second beam.
· The UE is expected to follow the above operation for multiplexing A-CSI on two PUSCH repetitions only if 
· the first actual repetition corresponding to the first beam and the first actual repetition corresponding to the second beam does not have the same number of symbols, and 
· UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE multiplexes A-CSI only on the first PUSCH repetition similar to Rel. 15/16.
· The content for the two A-CSI should be the same
· Note: RAN1 has the assumption on CSI timelines are followed as rel-15/16, including UE shall expect the timeline for the first A-CSI meets Z and Z’ requirement
· FFS: For s-DCI based multi-TRP PUSCH repetition Type A and B, support multiplexing of A-CSI on the first PUSCH repetition corresponding to the first beam and the first PUSCH repetition corresponding to the second beam when there is no TB carried in the PUSCH. 
· The UE assumes that the number of repetitions is 2 regardless of the indicated number of repetitions. 
· For PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation).


One remaining issue on multiplexing A-CSI on PUSCH repetitions is whether to support the case of a PUSCH with no TB. In current spec, for CSI on PUSCH with no TB, the number of nominal PUSCH repetitions is always assumed to be 1, regardless of the value of numberOfRepetitions, and the first nominal repetition is expected to be the same as the first actual repetition. Following the same principle as the case of a PUSCH with TB, the number of nominal repetitions of the PUSCH should be assumed to be two when multiplexing A-CSI on two PUSCH repetitions, regardless of the value of numberOfRepetitions, and the first and the second nominal repetition is expected to be the same as the first and the second actual repetition respectively. 
Proposal 4: For multi-TRP PUSCH repetition Type A and B, support the case of PUSCH with no TB for multiplexing of A-CSI on the PUSCH repetitions corresponding to two beams.
In current spec, if a PUSCH with repetition Type A overlaps with a PUCCH with HARQ-ACK and/or CSI over a single slot, the UE multiplexes the HARQ-ACK and/or CSI on the PUSCH. For a multi-TRP PUSCH transmission, to achieve the robustness provided by multi-beam PUSCH also for UCI, the UCI in the PUCCH should be multiplexed on two repetitions with different beams. For example, the UCI of the PUCCH should be multiplexed on the PUSCH overlapped with the PUCCH in slot n and also the most resent PUSCH after slot n with the other beam. 
[image: ]
Figure 1 UCI multiplexing on multiple PUSCH slot
Similarly, if a PUSCH with repetition Type B overlaps with a PUCCH with HARQ-ACK and/or CSI over a single slot t, the UE multiplexes the HARQ-ACK and/or CSI in the earliest actual PUSCH repetition overlapping with the PUCCH. And, to achieve the robustness provided by multi-beam PUSCH for UCI, the UCI in the PUCCH should also be multiplexed on two repetitions with different beams. 
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Figure 2 UCI multiplexing on multiple actual PUSCH repetitions
[bookmark: OLE_LINK5]Proposal 5: When PUCCH without repetition carrying HARQ-ACK and/or CSI overlaps with multi-TRP PUSCH transmission, the UCI of the PUCCH is multiplexed on two PUSCH repetitions with different beams.
3.5 PHR enhancement
	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 


For Option 1, UE only provides the PHR according to the first PUSCH occasion. As a result, only one of the TRPs can receive PHR during a long period of time as the first PUSCH occasion is for the same TRP. Unless dynamical indication of the order of TRP/beam is supported, Option 1 is not preferred.
For Option 2, UE would calculate two PHRs for two TRPs separately and only report one of them according to a default rule. It is more flexible than Option 1 since that each TRP can have a chance to get PHR based on a properly defined rule. However, the two TRPs would need more time to get the PHR. 
Option 4 can provide separate PHR for each TRP. The PHR triggering mechanism can follow current spec and the details on signalling of PHR reporting can be discussed in RAN2. 
Based on the above discussion, we propose that: 
Proposal 6: For PHR reporting for multi-TRP based PUSCH transmission, support Option 4, i.e., PHRs according to both TRPs are calculated and reported to the gNB.
3.6 PTRS-DMRS association 
	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.


To achieve the trade-off between DCI overhead and flexibility, PTRS-DMRS association can be configurable between option 1 and option 3. When option 3 is configured, Table 2 and Table 3 can be used for number of PTRS port of 1 and 2, respectively. 
Table 2. PTRS-DMRS association for UL PTRS ports 0
	Value of MSB
	DMRS port
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0 for TRP1
	0
	1st DMRS port which shares PTRS port 0 for TRP2

	1
	2nd DMRS port which shares PTRS port 0 for TRP 1
	1
	2nd DMRS port which shares PTRS port 0 for TRP2



Table 3. PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of MSB
	DMRS port
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0 and 1 for TRP1
	0
	1st DMRS port which shares PTRS port 0 and 1 for TRP2

	1
	2nd DMRS port which shares PTRS port 0 and 1for TRP 1
	1
	2nd DMRS port which shares PTRS port 0 and 1for TRP2



Proposal 7: For PTRS-DMRS association, support a configurable second PTRS-DMRS association field: 
· When the second field is configured, each field separately indicates the association between PTRS port and DMRS port for two TRPs;
· When the second field is not configured, 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.

4 PUCCH enhancements
4.1 Frequency hopping for PUCCH Scheme-1
	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 motivation of Option 1 is to acquire frequency hopping gain for both beam patterns. However, we don’t see the benefits of additionally supporting cyclic mapping with frequency hopping, considering that sequential mapping with frequency hopping has been already supported. This is because that if frequency diversity is necessary for PUCCH performance, at least 4 repetitions is needed and both mapping patterns with frequency hopping would have the same performance. 
Proposal 8: Frequency hopping is performed on slot level as in Rel-15. 
4.2 PUCCH Scheme 2
To improve the PUCCH reliability with latency requirement, Scheme 2 (Multi-TRP intra-slot beam hopping) should also be supported. When different beams are used for different sets of symbols, TD-OCC should only be applied within a beam. The reason is that orthogonal feature would be impacted if there are different beams within a TD-OCC. Furthermore, with TD-OCC within only one beam, each TRP can demodulate the PUCCH independently, which is beneficial in terms of gNB implementation. In addition, frequency hopping design can be reused for beam hopping, e,g., each hop corresponds to one beam. 
[bookmark: OLE_LINK6]Proposal 9: Support Scheme 2, i.e., intra-slot beam hopping, for PUCCH transmission. 
· If TD-OCC is applied, it is only within a beam. 
4.3 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.

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.


For PUCCH power control in FR2, similar with what we have discussed in PUSCH section, Option 2 (a single TPC field) is preferred to achieve a trade-off between flexibility and DCI payload, so that separate power control for TRPs can be realized without increasing DCI payload. 
Proposal 10: To support per TRP closed-loop power control for PUCCH, support Option 2, i.e., the existing TPC field is used and applied for one of two PUSCH beams.
For the case of FR1, spatial relation info can also be configured for PUCCH transmission in Rel-15. So the separate power control of FR2 can be reused for FR1. In this way, the power control for FR1 and FR2 can be unified. The RS ID of the spatial relation info can be configured to NULL, if beam based transmission is not supported by the UE. 
[bookmark: OLE_LINK4]Observation 1: For PUCCH multi-TRP transmission in FR1, the spatial relation info can be configured to enable separate power control. 
4.4 Collision handling of multi-TRP PUCCH repetitions
In Rel-15, a PUCCH transmission with slot based repetition is supported. If a PUCCH with slot based repetition overlaps with another PUCCH carrying SR over one or more slots, the PUCCH carrying SR in overlapping slots would be dropped. There is no impact on the transmission of the SR in the remaining non-overlapping slots.
In Rel-17, it has been agreed that both intra-slot and inter-slot based PUCCH repetitions were supported in previous meetings. If an inter-slot based PUCCH repetition carrying HARQ overlaps with a PUCCH carrying SR as shown in Figure 3, the PUCCH carrying SR would be dropped if legacy Rel-15 rule is reused. However, if the SR is for URLLC traffic, it would delay at least 8 slots, which cannot fulfil the latency requirement for URLLC services. 
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Figure 3 Reuse Rel-15 collision handling rule for MTRP PUCCH repetition in Rel-17

Observation 2: Reusing Rel-15/16 collision handling rules for multi-TRP based PUCCH repetition in Rel-17 would result in large delay for SR. 
Thus, enhancements on collision handling rules for M-TRP PUCCH repetition in Rel-17 should be discussed. For example, multiplexing instead of dropping UCI in all PUCCH repetitions corresponding to different beams/TRPs would be beneficial to improve robustness and reliability. 
Proposal 11: Consider enhancements on UCI multiplexing for multi-TRP based PUCCH repetition in Rel-17.

5 Conclusion
This contribution has provided our analysis and consideration reliability/robustness enhancements using multi-TRP in Rel-17. In summary the following observations are provided in the contribution: 
Based on the discussion and observations, we have the following proposals: 
· For PUSCH part:
Proposal 1: To indicate dynamic switching between single-TRP and multi-TRP PUSCH repetition, 2 bits are needed for the new field in DCI.
Proposal 2: For per TRP closed-loop power control for PUSCH, support Option 2, i.e., a single TPC field is used in DCI, and the TPC value applied for one of two PUSCH beams at a slot.
Proposal 3: Confirm the working assumption for the second SRI field for non-codebook based PUSCH transmission.
Proposal 4: For multi-TRP PUSCH repetition Type A and B, support the case of PUSCH with no TB for multiplexing of A-CSI on the PUSCH repetitions corresponding to two beams.
Proposal 5: When PUCCH without repetition carrying HARQ-ACK and/or CSI overlaps with multi-TRP PUSCH transmission, the UCI of the PUCCH is multiplexed on two PUSCH repetitions with different beams.
Proposal 6: For PHR reporting for multi-TRP based PUSCH transmission, support Option 4, i.e., PHRs according to both TRPs are calculated and reported to the gNB.
Proposal 7: For PTRS-DMRS association, support a configurable second PTRS-DMRS association field: 
· When the second field is configured, each field separately indicates the association between PTRS port and DMRS port for two TRPs;
· When the second field is not configured, 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.

· For PUCCH part:
Observation 1: For PUCCH multi-TRP transmission in FR1, the spatial relation info can be configured to enable separate power control. 
Observation 2: Reusing Rel-15/16 collision handling rules for multi-TRP based PUCCH repetition in Rel-17 would result in large delay for SR. 
Proposal 8: Frequency hopping is performed on slot level as in Rel-15. 
Proposal 9: Support Scheme 2, i.e., intra-slot beam hopping, for PUCCH transmission. 
· If TD-OCC is applied, it is only within a beam. 
Proposal 10: To support per TRP closed-loop power control for PUCCH, support Option 2, i.e., the existing TPC field is used and applied for one of two PUSCH beams.
Proposal 11: Consider enhancements on UCI multiplexing for multi-TRP based PUCCH repetition in Rel-17.
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