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Introduction
The Rel-17 WID for further enhancements on MIMO (FeMIMO) is approved [1], which includes the following objective:
	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 this contribution, we discuss further on the PUCCH, and PUSCH transmission using multi-TRP/multi-panel framework in this meeting respectively.  
PUSCH
In this section, we discuss the following aspects for multi-TRP based PUSCH transmission:
· Dynamic switching enhancements
· UL power control enhancements
· Beam mapping enhancements
· PTRS-DMRS association 
· CG PUSCH enhancements
Dynamic switching between sTRP and mTRP based transmissions
In RAN1#104b-e, the following has been agreed on SRI/TPMI indication and the scheme for dynamic switching between single-TRP and multi-TRP based PUSCH transmissions [3]:
	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 codepfoint 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




In the last meeting, it has been agreed to add an extra dedicated bit field in DCI to support the dynamic switching between single TRP and multi-TRP.  This scheme is a unified design for codebook and non-codebook based PUSCH and avoids multiple solutions for various corner cases based on the current framework. With this approach, the indication of SRI/TPMI both for the codebook based and non-codebook based PUSCH transmission can be optimized.  
To achieve the dynamic switching between single TRP and multi-TRP, the detailed design of the new bit field should be able to indicate either one SRS resource set or two SRS resource sets. If one SRS resource set is indicated, it should also support the indication of whether the first SRS resource set (TRP 1) is activated or the second SRS resource set (TRP 2) is activated. To achieve this purpose, 2 bits as illustrated in Table 1 should be introduced.
Table 1: SRI indication for dynamic switching 
	Bit field mapped to index
	
SRI(s),   =1

	0
	TRP 1

	1
	TRP 2

	2
	Multi-TRP

	3
	reserved



This indication for dynamic switching can be used for a series of per TRP bit field indication, such as SRI/TPMI/TPC indications, and can be applicable for the indication when SRI does not exist (only one SRS resource in a SRS resource set). 
Also TRP ordering can provide some scheduling flexibility from the network side. And this can be easily to achieve with the current 2-bit DCI design as illustrated in Table.2 below.
Table 2: SRI indication for dynamic switching with TRP ordering
	Bit field mapped to index
	
SRI(s),   =1

	0
	TRP 1

	1
	TRP 2

	2
	TRP1, TRP2

	3
	TRP2, TRP1



Based on the above analysis, we propose:
Proposal 1: Confirm the Working Assumption for indicating the single TRP and multi-TRP dynamic switching for non-CB/CB based MTRP PUSCH repetition.
Proposal 2: Confirm the Working Assumption for the indication of SRI fields of non-codebook based multi-TRP PUSCH.
Proposal 3: This new DCI field can be applied to TPC indication fields and all other per TRP indication field for the purpose of dynamic switching between single TRP and multi-TRP.
Proposal 4: Support a 2-bit design for the new DCI field as below,
	Bit field mapped to index
	
SRI(s),   =1

	0
	TRP 1

	1
	TRP 2

	2
	Multi-TRP

	3
	reserved



Proposal 5: Support the dynamic switching with TRP ordering, and the DCI field can consider the following DCI design，
	Bit field mapped to index
	
SRI(s),   =1

	0
	TRP 1

	1
	TRP 2

	2
	TRP1, TRP2

	3
	TRP2, TRP1



Power control enhancements
The following issues are still left undetermined regarding the power control for PUSCH:
· Issue 1: close-loop power control
	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.




The UL power control may be different due to the different channels towards TRPs, and different power control parameters and pathloss reference RSs can be configured per SRS resource set targeting different TRPs. For the power control issues, close loops among TRPs can be differentiated by associated with different SRS resource set. Thus the two TPC commands for different TRPs can be either indicated separately (Option 3) or jointly (Option 4). Option 3 maintains the flexibility for the adjustment towards each TRP but increases the DCI overhead by 2 bits. Option 4 can only be supported with limited power adjustment values for each TRP which would restrict the gNB flexibility. And for PUSCH, it would be better to indicate separately for each TRP when the power control adjustment is configured to use the absolute TPC command values instead of accumulated TPC command values. Also two separate TPC  fields can be easily applied with the indication solution adopted for dynamic switching between sTRP and mTRP.
Proposal 6: For the TPC indication, option 3 is more preferred as a more unified solution for multi-TRP based PUSCH transmission. 

· Issue 2: Linking of SRI to power control parameter 
	Agreement
When SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2, for linking SRI fields to two power control parameters, it is up to RAN2 to finalize the RRC details related to linking. RAN1 identified that the following options could be used. 
· Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· Alt. 2: Add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID




For the extension of power control parameter set(s), alt.1 and alt.2 can be feasible, we prefer alt.2 which has less overhead than RRC configuration and provides more flexibility for the configuration of different TRPs among a cluster of TRPs, different coordinated TRPs can be linked together to support the transmissions flexibly with the linking method of Alt.2.
Proposal 7: Prefer Alt.2 to introduce SRS resource set ID for the linking of SRI fields to two power control parameter set(s).

· Issue 3: Open-loop power control related
	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.




The scenario is to apply power boosting for URLLC traffic when the UE interferes with the eMBB traffic from another UE. It has been agreed that the open-loop power control parameter set should be indicated for the two TRPs respectively since the interference created by the eMBB UE may only transmit towards one of the TRPs. 
In our understanding, the open-loop power control parameter set which is configured by RRC don’t need to be extended. The DCI field can be extended with a second field or reinterpreted to indicate the two OLPC parameters for the two cooperated TRPs separately. Two identical separate DCI fields or DCI codepoints of one legacy DCI field can be used for the indication of the OLPC parameter set used for each TRP, considering the case w/o the appearance of the SRI fields.
Proposal 8: The OLPC parameter set “P0-PUSCH-Set-List” doesn’t need to be extended, and can be used for two cooperated TRPs.
Proposal 9: Prefer two separate DCI fields for the indication of the OLPC parameter set which are associated with two SRS resource sets respectively w/o the appearance of the SRI fields.

· Issue 4: PHR reporting
	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 the multi-TRP based PHR reporting, we suggest that the PHR actual values of both TRPs should be measured and reported via MAC-CE in order to manage the UE power more efficiently. Option 1 does not calculate the PHR in a TRP-specific manner which is not desirable. Option 2 and Option 4 are similar in calculation, but differ in reporting. We prefer two actual PHR values reported which would be beneficial for the scheduling of multi-TRP based operation.
Proposal 10: Prefer option 4 that two PHR measurement values for both TRPs reported to the gNB for the multi-TRP based operation.

Beam mapping to PUSCH repetitions
In RAN1#104b-e meeting, the following has been made on beam mapping to PUSCH repetitions [3]: 
	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 PUSCH repetitions, the maximum repetition number is 16 and this may be extended in the future. With the increase of repetition number, the beam switching number increases too. For UE, power consumption at least increases. In some scenarios, frequent beam changing is not desired especially when beam switching gap is involved. So we prefer to also take the half-half mapping into account.
Proposal 11: Support half-half mapping to avoid the frequent beam changes in some scenarios.
Proposal 12: Support configurable beam mapping pattern by the gNB scheduler for multi-TRP based PUSCH.

In Rel-16 URLLC WI, the issue of orphan symbol has been discussed. It has been specified that when the time span of an actual repetition is only one symbol, the orphan symbol would be dropped for transmission. Another case that may also lead to orphan symbols is that when the actual coding rate is too high for a successful decoding, e.g. coding rate R>0.94, this is because the TBS determination is based on the indicated symbols of the nominal repetition before segmentation, while channel coding process is based on the actual repetitions. When beam switching gap is considered and the mechanism of dropping (omitting) symbol(s) of the repetition is applied, more orphan symbols would be generated.
With the dropping of the orphan symbols, the transmission gap between the adjacent DMRS symbols targeting the same TRP may become too large in multi-TRP scenarios which would degrade the channel estimation performance. Also it is a kind of waste to only drop the orphan symbols while the resources for uplink transmission is quite limited. So we suggest to still transmit the DMRS of the orphan symbols with the beam allocated for the nominal repetition to enhance the channel estimation performance functioned as additional DMRS for a certain beam.
Proposal 13: Transmitting the DMRS symbol instead of dropping (omitting) the orphan symbol(s) for multi-TRP based PUSCH, applying with the same beam mapped onto that nominal repetition.

PTRS-DMRS association enhancement
In RAN1#104-e meeting, the following has been agreed regarding the PTRS-DMRS association for PUSCH [3]:
	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.




Currently, each PTRS port is associated with one DMRS port for cases of one PTRS port and two PTRS ports. For PUSCH transmission of maxRank>2, the PTRS-DMRS association should be enhanced to indicate separately for transmission towards each TRP. 
To keep it simple and unified with other DCI design, a second PTRS field can be added for both one PTRS port and two PTRS port which is based on the R15/16 interpretation.
Option 1 is clean and straightforward, but cause constant DCI overhead. Option 2 is indicated both explicitly and implicitly, also the entries for DMRS port indication is limited too. 
Proposal 14:  For multi-TRP operation of maxRank>2, option 1 is preferred to indicate the PTRS-DMRS association per TRP.

Support of CG PUSCH
In RAN1#104b-e meeting, the following has been agreed regarding the CG PUSCH [3]:
	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'.




Single CG configuration is more aligned with single-DCI based PUSCH transmission, most of the enhancements can be reused. 
· For Type 1 CG PUSCH, two sets of transmission parameters are needed to be configured by RRC.
· For Type 2 CG PUSCH, two sets of transmission parameters are configured by DCI for the activation of the CG configuration.
Here we discuss the RV mapping for CG PUSCH.
For single CG configuration based multi-TRP operation, RV sequence (e.g.{0,0,0,0}, {0,3,0,3}, {0,2,3,1}) should be applied to each of the transmission occasions targeting each TRP separately.
The RV sequence applied to each TRP can be configured by RRC with the following options:
· 2 RV sequences can be configured to one CG configuration, each applied to a set of transmissions targeting one TRP.
· 1 RV sequence configured by RRC can be applied to different sets of transmission occasions associated with one TRP.

UE start the CG repetition transmission only at a PUSCH occasion with RV=0 when data arrives. So the RV sequence is always expected to be mapped starting with 0. 

Proposal 15: 1 or 2 RV sequence can be configured to single CG configuration for the multi-TRP based PUSCH transmission.
Proposal 16: RV sequence should be mapped onto each of the transmission occasions targeting each TRP separately.
Proposal 17: RV sequence is always expected to be mapped starting with 0 onto the first transmission occasion targeting each TRP.

[bookmark: _Ref61127651]PUCCH
In this section, we provide our views on several issues of PUCCH transmissions using multi-TRP/multi-panel framework.

Transmission schemes
In RAN1#104-e meeting, the following WA has been made on the Scheme 3 of PUCCH [3]:
	Working Assumption
For PUCCH reliability enhancement, support multi-TRP intra-slot repetition (Scheme 3) for all PUCCH formats. 
· The same PUCCH resource carrying UCI is repeated for X = 2 [consecutive] sub-slots within a slot. 
· Refer the design details related to sub-slot configurations (e.g. other values of X) to Rel-17 eIIoT
Note1: The decision of supporting scheme 3 is only applicable for multi-TRP operation.




In the last meeting, PUCCH Scheme 2 has been discussed among companies for the first time, and the discussion was not adequate enough from our point of view.
To enhance the multi-TRP operation within a slot, either Scheme 2 or Scheme 3 alone cannot support multi-TRP based intra-slot repetitions for all cases.  Since Scheme 3 support only sub-slot PUCCH, and Scheme 2 can be specified as another appealing approach for UEs not implementing sub-slot operations.
Also Scheme 2 is an important approach especially for cases when twice of the PUCCH duration cannot be satisfied to repeat within a slot and very low latency is highly required. 
Some companies have concerns about the self-decodable capability for each beam hop in the case of blockage, we think Scheme 2 is quite similar to FDM Scheme 2a (not self-decodable for each TRP) for multi-TRP based PDSCH,  and Scheme 3 is somewhat similar to FDM Scheme 2b(self-decodable for each TRP)，both schemes can be applied to different scenarios, so this would not be a problem. How to apply the appropriate scheme (scheme 2 or scheme 3 as candidate schemes for intra-slot approaches) is up to the scheduler of the network.
Based on the above, Scheme 2 is as important as Scheme 3 to achieve the diversity gain within a slot for different scenarios from Scheme 3. So we suggest to also adopt Scheme 2 for the intra-slot PUSCH repetition for multi-TRP based operation.
Proposal 18: Support scheme 2 to be adopted for the intra-slot PUSCH repetition for multi-TRP based operation, and more than 2 hops are not expected.
Proposal 19: For scheme 3, only 2 repetitions within a slot are considered.

Dynamic indication of PUCCH repetition number
In RAN1#103-e meeting, the following agreement has been made on the repetition number of PUCCH indication [2]:
	Agreement
For configuration/indication of the number of PUCCH repetitions for Scheme 1, there is no restriction on using Rel-15 framework on configuring the number of repetitions.  
· Rel-17 feMIMO may additionally consider supporting the dynamic indication of the number of repetitions in RAN1 #104 meeting.  




It is beneficial to support more dynamic indication method of the number of repetitions. Currently, the repetition number is configured on PUCCH format level and fixed to all PUCCH resources with the same PUCCH format. If both the repetition number and the repetition scheme can be configured per PUCCH resource, dynamic indication on a resource level can be achieved. Also this can be achieved by activating the suitable repetition number for the certain PUCCH resource set with the MAC-CE signaling from a set of RRC-configured candidate values.
Proposal 20: Dynamic indication can be achieved on a resource level configuration, or by activating the suitable repetition number for the certain PUCCH resource with the MAC-CE signaling from a set of RRC-configured candidate values.

Power control of PUCCH
In RAN1#104-e meeting, the following agreement has been made on PUCCH power control [3], and in RAN1#104b-e meeting, no consensus has been reached yet.
	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.




For multi-TRP based PUCCH transmission, separate close loops among TRPs can be differentiated by associated with different Spatial Relation Infos. Thus the two TPC commands for different TRPs can be either indicated separately (Option 3) or jointly (Option 4). Obviously, option 4 has some restrictions with the supported adjustment values for each TRP and is not backward compatible for single TRP cases. 
And also the same solution as that for multi-TRP PUSCH scheme is preferred.
Proposal 21: Support option 3 for the TPC enhancement for multi-TRP based PUCCH transmission.

Beam mapping to PUCCH repetitions
In RAN1#104b-e meeting, the following has been made on beam mapping to PUCCH repetitions [3]: 
	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.




In RAN1#104b-e meeting, the following has been made on frequency hopping for PUCCH scheme 1 [3]: 
	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). 




Only Option 1 can achieve both the beam diversity and frequency divert at the same time. Some spec impact on the frequency hopping with cyclical mapping pattern configured is needed to ensure the inter-slot frequency hopping is performed among the repetitions within the same beam.
Proposal 22: Support Option 1 for the inter-slot frequency hopping with PUCCH repetition.

Beam switching for PUSCH/PUCCH
In RAN1#104b-e meeting, the following has been agreed regarding the beam switching gap for PUSCH/PUCCH [3]:
	Conclusion
With reference to the normative work on NR-feMIMO:
Related to the support of switching gap between UL transmissions towards two TRPs in RAN1 specifications, there is no consensus in RAN1 to specify symbol gap(s) for the following cases
· PUSCH Type A 
· PUCCH scheme 1
· PUSCH Type B
· PUCCH scheme 3
The above applies for the case included in the LS from RAN4 in R1-2102297.




According to the RAN4 reply to the LS from RAN1 [4], transient period is about 5us for beam switching within the same panel and unknown time duration for cross-panel scenarios for FR2. For FR1, the transient period is about 10-15us for the current SCS configurations. And the beam switching gap is also related to whether the transmissions (beams) are on the same/different panel(s) or port(s). Since the CP length is not enough for these cases, at least a symbol duration is needed to meet the transient time required by RAN4 without performance loss. Currently the transient time is transparent to RAN1 spec, but more reliable symbol transmission during the transient period should be considered and ensured for URLLC traffic due to the multi-TRP/multi-panel transmissions. RAN1 has already introduced the switching gap for SRS antenna switching, so same principle can be applied to UL beam switching if needed.
For transmission schemes of uplink multi-TRP enhancement, cases can be discussed separately:
1. PUCCH Scheme 1/PUSCH repetition Type A 
Beam switching gap does not need to be defined. It is expected that gNB can handle the required transient periods by scheduling if the performance degradations are to be minimized.
2. PUCCH Scheme 3/ PUCCH Scheme 2 (if supported)/PUSCH repetition Type B
At least 1-symbol gap can be specified for switching UL beams associated with PUCCH/PUSCH repetitions/frequency hops/transmissions in FR1/FR2. Other values can be further introduced based on RAN4 further reply on multi-panel transmission. The gap can be configurable by RRC signaling.

If beam switching gap is specified, the transmission schemes above have to be redefined in many aspects. If beam switching is needed between two adjacent repetitions, delaying the next repetition or dropping (omitting) symbol(s) of the next repetition can be considered besides the invalid symbols in between. And whether to apply delaying or dropping mechanism can be configurable or pre-defined according to the detailed scenarios. Obviously, delaying the next repetition can maintain the performance requirement, but dropping symbol(s) of the next repetition can meet the timing requirement especially for URLLC traffic.
· PUCCH Scheme 3
The gap can be defined in sub-slot between two repetitions within a slot. For the rules applied to transmission scheme, either dropping or delaying is up to the detailed case. For example, for a 2 symbol sub-slot, delaying the next repetition can be applied. But for a 7 symbol sub-slot, dropping should be applied.
· PUCCH Scheme 2 (if supported)
The gap can be defined as X symbol between two frequency hops within a slot. Two gap mechanisms can be applied.
· PUSCH repetition Type B
The gap can be defined as X symbol between adjacent nominal repetitions. Delaying the nominal repetition or dropping symbol of the nominal repetition can be applied considering whether the timing requirement of the traffic is strict or not. Dropping would generate more orphan symbol(s).

Proposal 23: Beam switching gap should be specified in RAN1 for at least 1 symbol for uplink multi-TRP/multi-panel operation in Rel-17.
Proposal 24: Beam switching gap can be configurable by RRC signaling.
Proposal 25: For PUCCH Scheme 3, switching gap can be defined in sub-slot. 
Proposal 26: Whether to apply delaying of the next repetition or dropping(omitting) symbol(s) of the next repetition can be configurable by the scheduler of the gNB or pre-defined according to different scenarios case by case.

Conclusion
In this contribution, we discuss about the PUCCH and PUSCH reception by Multi-TRP. Based on above discussions, we provide the following proposals.
PUSCH:
Dynamic switching between sTRP and mTRP:
Proposal 1: Confirm the Working Assumption for indicating the single TRP and multi-TRP dynamic switching for non-CB/CB based MTRP PUSCH repetition.
Proposal 2: Confirm the Working Assumption for the indication of SRI fields of non-codebook based multi-TRP PUSCH.
Proposal 3: This new DCI field can be applied to TPC indication fields and all other  per TRP indication field for the purpose of dynamic switching between single TRP and multi-TRP.
Proposal 4: Support a 2-bit design for the new DCI field as below,
	Bit field mapped to index
	
SRI(s),   =1

	0
	TRP 1

	1
	TRP 2

	2
	Multi-TRP

	3
	reserved



Proposal 5: Support the dynamic switching with TRP ordering, and the DCI field can consider the following DCI design，
	Bit field mapped to index
	
SRI(s),   =1

	0
	TRP 1

	1
	TRP 2

	2
	TRP1, TRP2

	3
	TRP2, TRP1



Power control issues:
Proposal 6: For the TPC indication, option 3 is more preferred as a more unified solution for multi-TRP based PUSCH transmission. 
Proposal 7: Prefer Alt.2 to introduce SRS resource set ID for the linking of SRI fields to two power control parameter set(s).
Proposal 8: The OLPC parameter set “P0-PUSCH-Set-List” doesn’t need to be extended, and can be used for two cooperated TRPs.
Proposal 9: Prefer two separate DCI fields for the indication of the OLPC parameter set which are associated with two SRS resource sets respectively w/o the appearance of the SRI fields.
Proposal 10: Prefer option 4 that two PHR measurement values for both TRPs reported to the gNB for the multi-TRP based operation.

Beam mapping issues:
Proposal 11: Support half-half mapping to avoid the frequent beam changes in some scenarios.
Proposal 12: Support configurable beam mapping pattern by the gNB scheduler for multi-TRP based PUSCH.
Proposal 13: Transmitting the DMRS symbol instead of dropping (omitting) the orphan symbol(s) for multi-TRP based PUSCH, applying with the same beam mapped onto that nominal repetition.

PTRS related issue:
Proposal 14:  For multi-TRP operation of maxRank>2, option 1 is preferred to indicate the PTRS-DMRS association per TRP.

CG PUSCH related issue:
Proposal 15: 1 or 2 RV sequence can be configured to single CG configuration for the multi-TRP based PUSCH transmission.
Proposal 16: RV sequence should be mapped onto each of the transmission occasions targeting each TRP separately.
Proposal 17: RV sequence is always expected to be mapped starting with 0 onto the first transmission occasion targeting each TRP.

PUCCH:
Proposal 18: Support scheme 2 to be adopted for the intra-slot PUSCH repetition for multi-TRP based operation, and more than 2 hops are not expected.
Proposal 19: For scheme 3, only 2 repetitions within a slot are considered.

Proposal 20: Dynamic indication can be achieved on a resource level configuration, or by activating the suitable repetition number for the certain PUCCH resource with the MAC-CE signaling from a set of RRC-configured candidate values.

Proposal 21: Support option 3 for the TPC enhancement for multi-TRP based PUCCH transmission.

Proposal 22: Support Option 1 for the inter-slot frequency hopping with PUCCH repetition.

Beam switching for PUSCH/PUCCH:
Proposal 23: Beam switching gap should be specified in RAN1 for at least 1 symbol for uplink multi-TRP/multi-panel operation in Rel-17.
Proposal 24: Beam switching gap can be configurable by RRC signaling.
Proposal 25: For PUCCH Scheme 3, switching gap can be defined in sub-slot. 
Proposal 26: Whether to apply delaying of the next repetition or dropping (omitting) symbol(s) of the next repetition can be configurable by the scheduler of the gNB or pre-defined according to different scenarios case by case.
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