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Introduction
In RAN1#103e,  PDCCH, PUSCH, and PUCCH enhancements with multi-TRP in NR Rel-17 were further discussed and  some agreements have been made.  Many details are to be further studied.
In this contribution, we discuss our views on various design details on PDCCH, PUSCH, and PUCCH enhancements for multi-TRP.
[bookmark: _Ref178064866]Discussion
PDCCH Enhancements 
In the last RAN1 meeting, the following agreements were reached on PDCCH enhancements [2]. In this sub-section, we discuss the remaining issues and present our views.
Agreement
For PDCCH reliability enhancements, support SFN scheme + Alt 1-1.
· FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR

Agreement
For PDCCH reliability enhancements with non-SFN schemes, support at least Option 2 + Case 1.
· Maximum number of linked PDCCH candidates is two
· FFS: Details including how the two PDCCH candidates are counted toward the BD limits and impact on overbooking, if any
· Down-select at least one Alt from Alts 1-2 / 1-3 / 2 / 3
· FFS: Linking options such as a fixed rule based on the same PDCCH candidate index, based on start CCE, based on configuration, etc. 
· FFS: additional restriction to facilitate soft combining 
· FFS: implicit PUCCH resource determination for >8 PUCCH resources in the resource set, scheduling offset for “timeDurationForQCL”, Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH, DAI for Type-2 codebook, Slot offset  for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, rate matching PDSCH around the scheduling DCI.
· FFS: whether and how to support for DCI format 2_x
FFS: whether and how to support for DCI format 2
 Working Assumption
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).




Working Assumption
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).


Agreement
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, CCEs of the two PDCCH candidates are counted separately following Rel. 15/16 procedures. Further study the BD limit by considering the following
· With respect to the complexity associated with RE de-mapping / demodulation, 2 units are required
· With respect to the complexity associated with decoding, the following assumptions can be further discussed:
· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates
· Assumption 2: UE decodes individual PDCCH candidates
· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate
· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate
· Note 1: The Assumptions 1-4 are for discussion purpose only, and they may or may not have specification impact.
· FFS: The relationship between UE capability, RRC configuration, and the BD limit, and whether the Assumptions 1-4 are relevant for this purpose.
· Note 2: the BD /CCE limit here is counted based on the configuration of PDCCH monitoring capability (e.g. per slot or per span).

Conclusion
Group-common DCI formats (DCI formats 2_x) are not precluded for multi-TRP PDCCH reliability enhancements and can be discussed with a lower priority compared to UE-specific DCI formats.
Note: Enhancements required for DCI formats 2_x, if any, can be discussed case-by-case.
· case-by-case.
Agreement
When DL DCI is transmitted via PDCCH repetition (Option2 + Case 1), for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight: 
· Alt 1: Ensure same start CCE index (based on linking options) and the same number of CCEs in the two CORESETs (based on CORESET configuration restriction)
· Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied
· FFS:  Which one of the linked PDCCH candidates is used.
· Alt 3: It is up to the UE to determine the PUCCH resource based on the starting CCE index and number of CCEs in the CORESET of any of the two linked PDCCH candidates
· Other alternatives are not precluded.

Regarding Alts 1-2 / 1-3 / 2 / 3 and the working assumption
In this section we discuss the different alternatives/options for non-SFN PDCCH repetition.
In Alt.1-2, a CORESET is activated with two TCI states and is associated with a SS set. One possibility is to associate different PDCCH candidates with different TCI states and a PDCCH is repeated in two PDCCH candidates associated with different TCI states. Due to the existing way of CCE based resource allocation (i.e. mapping to REs) for PDCCH, FDM will be the resulting mapping between PDCCHs when transmitting two PDCCH candidates from two TRPs.  
To support PDCCH with multi-TRP enhancements in FR2, TDM mapping is required and in order to support this, changes are required so that a PDCCH candidate could be located within only one OFDM symbol of a CORESET configured with multiple symbols. The changes would be a major deviation from the existing CCE based PDCCH allocation.
With Alt.1-2, PDCCH candidates are effectively FDM:ed and cannot be used in FR2. Major changes on existing CCE based PDCCH resource allocation are needed to support TDM.
In Alt.1-3, a CORESET is activated with two TCI states and is associated with two SS sets. One possibility is to associate different PDCCH candidates with different TCI states and  allocate PDCCH candidates with the same TCI state to the same SS set. A PDCCH is then repeated in two PDCCH candidates associated with different TCI states or SS sets. Again, due to the existing way of CCE based resource allocation for PDCCH candidates, FDM will be the resulting mapping between PDCCHs for transmitting two PDCCH candidates from two TRPs. The associated SS sets can potentially have different configurations such as periodicity/slot offsets, monitoring pattern in a slot, etc. However, the benefit of such flexibility is unclear. 
With Alt.1-3, PDCCH candidates are effectively FDM:ed and cannot be used in FR2. The benefit of the additional flexibility enabled by Alt.1-3 is unclear.
Between Alt.2 and Alt.3, the required spec changes are rather similar.  In Alt.2, spec change is needed to allow a SS set to be associated with two CORESETs, while in Alt.3, spec change is required to link two SS sets.   
With Alt.3, the two linked SS sets could have different configurations on monitoring periodicity/slot offset, monitoring pattern within slot, duration, and number of PDCCH candidates for each aggregation level.  For example, if one SS set is configured with 2 PDCCH candidates, and the other linked SS set is configured with 4 PDCCH candidates for a given aggregation level,  how to link the PDCCH candidates in the 2 SS sets  would be an unclear issue.  
In another example, if  one SS set is configured with one monitoring  occasion while the other SS set is configured with 2 monitoring occasions in a slot,  how to link PDCCH candidates in the 2 SS sets is yet another issue. Thus, additional constraints may be needed to avoid dealing with too many combinations.  There are no such unclear issues with Alt.2.  
However, given the majority support of Alt.3, we support to confirm the working assumption.  
[bookmark: _Toc61892550]Confirm the working assumption for PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, i.e. support Alt3 (two SS sets associated with corresponding CORESETs).
Maximum Number of Linked PDCCH Candidates 
An open issue is the maximum number of PDCCH candidate that are linked, i.e. the number of repetitions of a PDCCH. In our view, two repetitions of the PDCCH is the baseline and should be the default, while we are open to discuss whether to have a higher number as a UE capability if benefits can be clearly shown.  
[bookmark: _Toc61892551]When PDCCH repetition is enabled for the UE, the default is that two PDCCH candidates are linked.  FFS whether more than two can be configured to be linked
Blind Decoding Limit
Previous meeting the discussion revolved around the following alternatives:
· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates
· Assumption 2: UE decodes individual PDCCH candidates
· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate
· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate

There was a discussion in the previous meeting related to assumption 1, that it is more processing heavy for the UE to combine the candidates and therefore the number of BD for assumption 1 was argued to be counted as larger than one. However, as the number of BD is still one for this case, we are reluctant to extend the definition of a BD to also include other processing demands (outside the actual blind decoding operation) for the UE. Hence, it is important to maintain the number of BD for these for assumptions as 1,2,2 and 3 respectively. 
Nevertheless, we support counting two BD to decode a PDCCH candidate when it is linked with another candidate. We can further discuss whether we need to specify which assumption the UE is using or if that is up to UE implementation only. 

[bookmark: _Toc61892552]Two blind decodes per PDCCH pair is counted towards BD limit for the UE when the PDCCH consists of two PDCCH candidates that are linked.
Determining PUCCH resource
From the previous meeting, we are left to discuss the following alternatives:
· Alt 1: Ensure same start CCE index (based on linking options) and the same number of CCEs in the two CORESETs (based on CORESET configuration restriction)
· Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied
· FFS:  Which one of the linked PDCCH candidates is used.
· Alt 3: It is up to the UE to determine the PUCCH resource based on the starting CCE index and number of CCEs in the CORESET of any of the two linked PDCCH candidates
· Other alternatives are not precluded.




Currently, when the number of PUCCH resources, , in the first set of PUCCH resources is larger than eight,  the UE determines a PUCCH resource with index , , for carrying HARQ-ACK information as


	
where  is a number of CCEs in CORESET  over which a last DCI among DCIs the UE  received with PUCCH transmission in a same slot ,  is the index of a first CCE for the PDCCH reception, and  is a value of the PUCCH resource indicator field in the last DCI. 
In case of  two linked PDCCH candidates, the indices of the first CCEs for the two PDCCH candidates are generally different. If the two PDCCHs are in two different CORESETs,  the number of CCEs in the two CORESETs can also be different. 
In Alt.1, the same number of CCEs are required for the two CORESETS, which may be reasonable. In addition,  the linked PDCCH candidates  also need to have the same the starting CCE index, which requires a new mapping between a PDCCH candidate and CCEs.  
In Alt.3, depending on UE implementation, two different PUCCH resources could be selected by different UEs,  gNB then needs to do blind detection in two PUCCH resources, which is not desirable and also wastes PUCCH resources.  
In Alt.2, the PUCCH resource is based on the first CCE index of one of the linked PDCCH candidates and the number of CCEs of the corresponding CORESET, which is more flexible and doesn’t require any change of PDCCH candidate mapping.  The PDCCH candidate used for the determination may be the one in a CORESET with the smallest controlResourceSetId  or in a SS set with the smallest searchSpaceId among the linked SS sets. 
Thus, we have the following proposal:
[bookmark: _Toc61892553]Support Alt.2 and use one of the linked PDCCH candidates in a CORESET having the lowest controlResourceSetId  or a SS set with lowest searchSpaceId in the linked SS sets.
PDCCH Detection Time Reference 
Another open issue is how to define PDCCH detection time in determining the scheduling offset as mentioned in the following FFS item:
· FFS: implicit PUCCH resource determination for >8 PUCCH resources in the resource set, scheduling offset for “timeDurationForQCL”, Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH, DAI for Type-2 codebook, Slot offset  for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, rate matching PDSCH around the scheduling DCI.

There are several scenarios where the last symbol of a PDCCH is used by a UE for determining proper actions.  We have listed some examples below:

· For out of order detection, “For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.” 

· Currently, for every PDSCH scheduled by a DCI, a UE  determines if the time offset between the reception of the DCI and the corresponding PDSCH is less than, equal to,  or greater than a threshold timeDurationForQCL. Different actions may be taken by the UE accordingly.  

· For aperiodic CSI-RS triggering by a DCI, a UE determines if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info is less than, equal to,  or greater than a threshold beamSwitchTiming + d . Different actions may be taken by the UE accordingly.  

· For PUSCH scheduling,  “A UE is not expected to be scheduled by a PDCCH ending in symbol  to transmit a PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321], starting in a symbol  on the same serving cell if the end of symbol  is not at least  symbols before the beginning of symbol .”

Therefore, for PDCCH repetition in two PDCCH candidates, the last PDCCH symbol needs to be clearly defined. In our view, the last symbol should be the last symbol of the PDCCH candidate (or the associated monitoring occasion) occurring later in time among the linked PDCCH candidates as shown in Figure 1.
[image: ]
[bookmark: _Ref60951124]Figure 1: Proposal of defining the last symbol of the linked PDCCH candidates as the end of the PDCCH.

[bookmark: _Toc61892554]The PDCCH symbol occurring latest in time in a pair of linked PDCCH candidates is defined as the last symbol  regardless of which PDCCH candidate(s) the UE actually have detected.
DAI for Type 2 HARQ Codebook
Another issue is how to construct a type 2 HARQ Ack codebook in case of PDCCH repetition.  In type 2 HARQ-ACK codebook, counter DAI and total DAI in DCIs are used to order HARQ-ACK information bits and to detect possible missing DCI(s).  The value of the counter DAI denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with the DCIs is present up to the current serving cell c and current PDCCH monitoring occasion m. The value of the total DAI denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with the DCIs is present, up to the current PDCCH monitoring occasion  and is updated from PDCCH monitoring occasion to PDCCH monitoring occasion. 
In case of PDCCH repetition,  it is logical that the counter DAI is incremented only at the first time  the PDCCH is transmitted ( i.e., the first PDCCH occasion in a first PDCCH monitoring occasion ) and the same DAI  value is also used in the PDCCH repetition ( i.e., the second PDCCH occasion in a second PDCCH monitoring occasion , where ). 
Therefore, the HARQ-ACK position should be determined based on the first PDCCH occasion in PDCCH monitoring occasion  regardless whether the PDCCH is detected in the first or/and the second PDCCH occasion. To construct the type 2 HARQ-ACK codebook, the first PDCCH occasions and the associated PDCCH monitoring occasions should be identified for all detected PDCCHs having a counter DAI field in the corresponding DCIs . Then the existing procedure for HARQ-ACK codebook construction is applied only for the first PDCCH occasions in case of PDCCH repetition. 
[bookmark: _Toc61892555]The DAI counter DAI is incremented only at the first time a PDCCH is transmitted ( i.e., at the first PDCCH occasion) in a linked pair of PDCCH candidates.
[bookmark: _Toc61892556]The existing procedure for type 2 HARQ-ACK codebook construction is applied only for the first PDCCH occasion in case of PDCCH repetition regardless whether the PDCCH is actually detected in the first or/and the second PDCCH occasion.


Rate Matching Around PDCCH Candidates
An open issue is the rate matching around PDCCH candidates in case the whole CORESET is not configured as unavailable for PDSCH. It is straightforward to support rate matching around the union of the linked PDCCH candidates in this case. 
[bookmark: _Toc61892557]In case the CORESET is not configured as unavailable for PDSCH and if a PDSCH scheduled by a pair of PDCCHs overlap with resources in the CORESETs containing the PDCCHs, PDSCH rate matching is done around the union of the linked PDCCH candidates and corresponding DM-RS
Support of Common DCI Format 2_x
For PUSCH with type 1 or type 2 CGs, closed-loop power control can solely depend on DCI format 2_2 for receiving TPS commands. Since CGs are likely used for URLLC type of traffic, reliable closed-loop power control is needed. Similarly, closed-loop power control for SRS also depends on timely and reliable decoding of DCI format 2_3.  Therefore, it seems to make sense that PDCCH enhancements can also be supported for DCI formats 2_2 and 2_3.
[bookmark: _Toc61892558]DCI Format 2-2/2-3  are also supported by multi-TRP based PDCCH enhancements.
Impact of CORESET Activated with Two TCI states for SFN
Another open issue is how to activate a CORESET with two TCI states and how to determine  the default TCI state when the CORESET has a lowest CORESET ID in a slot as mentioned in the following FFS item:
· FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR

When two TCI states are activated for a CORESET and the CORESET has  the lowest CORESET ID among CORESETs in a slot monitored by a UE,  one question is how to define the default TCI state(s) for a PDSCH when the time offset between the reception of a DL DCI in the slot scheduling the PDSCH and the PDSCH is less than the threshold timeDurationForQCL.  There are two possible options, i.e.,

· Option 1: only one of the two activated TCI states for the CORESET  is used as the default TCI state for the PDSCH (e.g., either specified or  indicated in the activation MAC CE)
· Option 2: both the two activated TCI states for the COREST are  used as the default TCI states for the PDSCH if it is supported by a UE

Note that default TCI state is also used for UL power control when pathloss RS is not configured or in link monitoring when link monitoring RS is not configured. In these cases, only one DL RS is needed. Therefore, Option 1 seems to be preferred. 

[bookmark: _Toc61892559]One of the two activated TCI states is used as the default TCI state, FFS whether the one is specified or indicated in a MAC CE activating the TCI states.  
Currently, only a single TCI state can be activated for a CORESET by a MAC CE. Therefore, a new MAC CE seems to be needed to activate two TCI states for a CORESET. 
A new MAC CE is needed to activate 2 TCI states for a CORESET.

Intra vs. Inter-slot Repetition
For PDCCH repetition, intra-slot repetition is more suitable for URLLC due to its low latency.  For inter-slot repetition, K0/K2 would be different in two different slots for a same scheduled PDSCH/PUSCH since  the number of slots between the two PDCCHs and  the schedule PDSCH/PUSCH would be different. Unless some additional changes are introduced, soft combining is no longer possible because the DCI content would be different in different slots. Therefore, we have the following proposal:
[bookmark: _Toc61892560]Consider finalizing PDCCH enhancement with intra-slot PDCCH repetition first.


PUSCH Enhancements 
In the last RAN1 meeting, the following agreements were reached on PUSCH enhancements [2]. In this sub-section, we discuss the remaining issues and present our views.Agreement
For single DCI based M-TRP PUSCH repetition schemes, support codebook based PUSCH transmission with following enhancements. 
· Support the indication of two SRIs. 
· Alt1: Bit field of SRI shall be enhanced. 
· Alt2: No changes on SRI field 
· Support the indication of two TPMIs. 
· The same number of layers are applied for both TPMIs if two TPMIs are indicated
· The number of SRS ports between two TRPs should be same.
· FFS: Details on indicating two TPMIs (e.g, one TPMI field or two TPMI fields)
· Increase the maximum number of SRS resource sets to two
· FFS: configuration details of each SRS resource set (e.g., number of SRS resources in a resource set)

Agreement
For single DCI based M-TRP PUSCH repetition schemes, support non-codebook based PUSCH transmission with following considerations. 
· Increase the maximum number of SRS resource sets to two, and associated CSI-RS resource can be configured per SRS resource set. 
· FFS: Enhancements on SRI field in DCI to indicate the two beams for repetitions 
Agreement
For single DCI based M-TRP PUSCH repetition Type B, at least nominal repetitions are used to map beams 
· Further study details and applicability of each mapping method
· Further study the slot based beam mapping in the cases of nominal repetition across slot boundaries

Agreement
For PUSCH multi-TRP enhancements, 
· For per TRP closed-loop power control for PUSCH, further study the following alternatives when the “closedLoopIndex” values are different.
· Option.1: A single 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 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 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.
· FFS: Transition period for beam / power / frequency change.




Agreement
Support both type 1 and type 2 CG PUSCH transmission towards MTRP. Further study the following alternatives, 
· Alt.1 : single CG configuration 
· Repetitions of a TB transmitted towards MTPR on multiple PUSCH transmission occasions of single CG configuration.
· At least for codebook-based CG PUSCH, support configuring 2 SRIs/TPMIs. 
· Alt.2 : multiple CG configurations 
· Repetitions of a TB transmitted towards MTRP on more than one PUSCH transmission occasions, where one or more transmission occasions are from one CG configuration and another one or more PUSCH transmission occasions are from another CG configuration.
· 1 SRI/TPMI is configured/indicated for each CG configuration.
· Further study required beam mapping principals, low overhead mechanisms for beam selection, and other enhancements for Alt.1 and Alt.2.
Agreement
For M-TRP PUSCH reliability enhancement, further discuss multi-DCI based PUSCH transmission/repetition scheme(s) considering the following aspects.  
· The same TB is repeated towards multiple TRPs with different beams, where one or more PUSCH repetitions are scheduled by one DCI and another one or more PUSCH repetitions are scheduled by another DCI. 
· FFS: Details related to timeline restrictions and beam mapping  
· Changes on Rel-15/16 MCS, TBS determination, and UL resource allocation are not expected from this scheme.
· The scheme is considered to be supported only if there are gains over single DCI based PUSCH repetition schemes and a similar scheme is not supported by m-TRP PDCCH (e.g. Option 3). 
Companies are encouraged to provide simulation results to decide the support of the scheme in next RAN1 meetings. The support of multi-DCI based PUSCH transmission/repetition scheme(s) in Rel-17 will be decided in RAN1#104-e
Agreement
For single DCI based PUSCH multi-TRP enhancements, support the following RV mapping for PUSCH repetition Type A,
· DCI indicates the first RV for the first PUSCH repetition, and the RV pattern (0 2 3 1) is applied separately to PUSCH repetitions of different TRPs with a possibility of configuring RV offset for the starting RV for the second TRP (The same method as PDSCH scheme 4)
· FFS: Reuse of the same method for PUSCH repetition Type B.

Agreement
For single DCI based M-TRP PUSCH repetition Type A and B, further study required enhancements on PTRS-DMRS association.

Working Assumption
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) 
· Companies are encouraged to provide further simulation results to decide details.

Indication of Two SRIs
In the last meeting, it was agreed that two SRS resource sets, one for each TRP, will be supported and two SRIs will be introduced, each indicating one or more SRS resources in one of the two SRS resource sets. Two alternatives were proposed below:
· Alt1: Bit field of SRI shall be enhanced. 
· Alt2: No changes on SRI field 

In RAN1#103-e, two different approaches for how to indicate two SRIs were discussed.  
The first approach involves keeping a single SRI field and possibly increasing the number of bits in this single SRI field to indicate different combinations of one or two SRIs (i.e., to support dynamic switching between transmitting PUSCH(s) to single TRP and multiple TRPs).  
The second approach involves introducing an additional SRI field in DCI so that the first SRI field indicates the SRI(s) corresponding to TRP 1 (i.e., from the first SRS resource set for codebook/non-codebook PUSCH)  and the second SRI field indicates the SRI(s) corresponding to TRP 2 (i.e., from the second SRS resource set for codebook/non-codebook PUSCH).  In our view, it is straightforward and clean to specify two SRI fields, a first and a second SRI field, for supporting two SRIs with minimum standardization effort.
[bookmark: _Toc61892561]For codebook/non-codebook based multi-TRP PUSCH, support two separate SRI fields in DCI, where the first SRI field indicates the SRI(s) corresponding to the first TRP and the second SRI field indicates the SRI(s) corresponding to the second TRP.
Indication of Two TPMIs
It was agreed in the last meeting to support two TPMIs, an open question is whether one or two TPMI fields should be supported to indicate the two TMPIs as mentioned in the FFS item below:
· FFS: Details on indicating two TPMIs (e.g, one TPMI field or two TPMI fields)

There are two approaches to indicating two TPMIs.  The first approach involves keeping a single TPMI field and possibly increasing the number of bits in this single TPMI field to indicate different combinations of one or two TPMIs (i.e., to support dynamic switching between transmitting PUSCH(s) to single TRP and multiple TRPs).  
The second approach involves introducing an additional TPMI field in DCI so that the first TPMI field indicates the TPMI corresponding to TRP 1 and the second TPMI field indicates the TPMI corresponding to TRP 2.  It was further agreed in RAN1#103e that ‘The same number of layers are applied for both TPMIs if two TPMIs are indicated’.  Hence, when two TPMI fields are introduced, the number of layers indicated in the two TPMI fields need to be identical.

[bookmark: _Toc61828161][bookmark: _Toc61830670][bookmark: _Toc61830761][bookmark: _Toc61830788][bookmark: _Toc61868822][bookmark: _Toc61892562]For codebook based multi-TRP PUSCH, support two separate TPMI fields in DCI, where the first TPMI field indicates the TPMI corresponding to the first TRP and the second TPMI field indicates the TPMI corresponding to the second TRP.  The number of layers indicated in the first TPMI field and the second TPMI field are the same.

TPC Indication
For closed loop power control associated with multiple TRPs, the following options were proposed in the last RAN1 meeting:
· Option 1: A single 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 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 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.

In Option1, a same TPC command is applied to PUSCH transmissions to two TRPs.  This assumes that the two TRPs have the same pathloss to a UE and have the same receiver noise and UL interference level, which may be true in some scenario but certainly not be true in all scenarios.  

In Option 2, a TPC command is applied to only PUSCH transmissions to one of two TRPs, and closed-loop power control is not applied to the other TRP. This means that over time, the transmit power to the other TRP could drift away and could be far off from the desired receive target. 

In Option 3, a second TPC field is added for a second TRP. Thus, both TRPs can be power controlled independently. This option is more flexible and with minimum standardization effort.

In Option 4, a single TPC field is used to indicate two TPC commands, one for each TRP.  It has the same functionality if 2 bits are allocated for each TPC, otherwise if the goal is to have a single bit field with reduced field size, then some trade-off between the field size and number of power control steps is needed. 

Comparing the four options and based on our previous discussion on supporting two SRIs and TPMIs, we prefer Option 3.


[bookmark: _Toc61892563]For per TRP closed-loop power control for PUSCH, Option 3 is supported where a second TPC field is added in DCI formats 0_1 / 0_2.

Dynamic Switching between Single-TRP and Multi-TRP 
In some scenarios, the UE may be served with different types of traffics (i.e., URLLC traffic vs eMBB traffic).  In these scenarios, it is beneficial to support dynamic switching (i.e. per scheduled PUSCH) between multi-TRP based PUSCH transmission and single-TRP based PUSCH repetitions.  A similar principle was also used in NR Rel-16 where dynamic switching between multi-TRP based PDSCH reception and single-TRP based PDSCH reception is supported.
[bookmark: _Toc61892564]Dynamic switching between PUSCH transmission to a single-TRP and multi-TRP should be supported, i.e.  each PUSCH transmission is either targeting reception at one or at two TRPs. 

It should be noted that dynamic switching between PUSCH transmissions to a single TRP and to two TRPs should be supported with a same DCI.  In case of transmission to a single TRP, only one of the two SRIs/two TMPIs/two TPCs would be used.  For this purpose, some indication is needed on whether a DCI is for PUSCH to a single TRP or to two TRPs. 
For example, assuming two SRI fields are supported, to indicate PUSCH transmission towards a single TRP, one of the SRI fields may indicate a reserved codepoint that is not associated with any SRI value.  If both SRI fields indicate non-reserved codepoints that are associated with SRI values, then PUSCH transmission towards multiple TRPs is indicated.
The same can also be used for other TRP specific parameters such as TPMI and TPC, with a first and a second fields.

[bookmark: _Toc61892565]Two SRI/TPMI fields are supported for PUSCH repetition towards m-TRP. 
[bookmark: _Toc61892566]To dynamically indicate PUSCH transmission towards a single-TRP or multiple-TRPs, each SRI/TPMI field contains a codepoint that indicates whether the SRI/TPMI field is disabled or not. 

TRP to PUSCH Mapping
On TRP to PUSCH transmission occasion mapping, the following working assumption was reached in the last meeting:
Working Assumption
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) 
Companies are encouraged to provide further simulation results to decide details.

For cyclic mapping, one concern raised by some companies is that a time gap may be required for the switching.  For this, a LS was sent to RAN4 on whether such a gap is needed.  However, we do not fully understand why a UE can support cyclic mapping for 2 repetitions but cannot support cyclic mapping for more than 2 repetitions. To us, the number of repetitions should not be a determining factor in determining whether a UE can support cyclic mapping or not.  Hence, we think it is better to wait for RAN4 reply to the LS before confirming this working assumption. 


CG Support Options
On configured grant support, the following two alternatives were proposed in the last meeting:
· Alt.1 : single CG configuration 
· Repetitions of a TB transmitted towards MTPR on multiple PUSCH transmission occasions of single CG configuration.
· At least for codebook-based CG PUSCH, support configuring 2 SRIs/TPMIs. 
· Alt.2 : multiple CG configurations 
· Repetitions of a TB transmitted towards MTRP on more than one PUSCH transmission occasions, where one or more transmission occasions are from one CG configuration and another one or more PUSCH transmission occasions are from another CG configuration.
· 1 SRI/TPMI is configured/indicated for each CG configuration

Alt.1 is an extension of the agreements for dynamic scheduling, where a PUSCH for a same TB is repeated towards two TRPs.  It is inline with existing CG configuration where a TB is transmitted/re-transmitted within a same CG.  In Alt.2, a same TB can be transmitted/retransmitted from different CGs.  From CG configuration point of view, this may not require changes of CG configuration (i.e., a single SRI/TPMI is configured for each CG).  However, Alt.2 implies that a same HARQ process would be shared by two or more CGs. This is a deviation from existing HARQ operation for CGs and may require large standardization effort.  Furthermore, the benefit of Alt.2 is also unclear.  Hence, we propose to support Alt. 1.


[bookmark: _Toc61892567]For CG PUSCH transmission towards multiple TRPs, support Alt.1.

RV Mapping for PUSCH Repetition Type B
In the last meeting, the following RV mapping for PUSCH Repetition Type A was agreed:
· DCI indicates the first RV for the first PUSCH repetition, and the RV pattern (0 2 3 1) is applied separately to PUSCH repetitions of different TRPs with a possibility of configuring RV offset for the starting RV for the second TRP (The same method as PDSCH scheme 4)

Regarding the RV mapping for PUSCH repetition Type B, the following FFS was captured:
· FFS: Reuse of the same method for PUSCH repetition Type B.

In our view, the same RV mapping can be applied for both PUSCH repetition types.  Hence, we propose the following:

[bookmark: _Toc61892568]Reuse the same RV mapping method as in PUSCH repetition Type A for PUSCH repetition Type B

Multi-DCI based PUSCH Transmission Scheme
One of the benefits of using multiple DCIs to schedule PUSCHs for a same TB but targeting two different TRPs is that different MCSs, resource allocations, PMI and number of layers can be flexibly chosen for different PUSCHs to match the channels associated with different TRPs.  However, according to TS 38.214, there is the following scheduling restriction:
“The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0, 0_1 or 0_2 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.”
The 3GPP text above then states that the reception of PDCCH for next PUSCH corresponding to the same HARQ process cannot occur until the previous PUSCH has been transmitted.  In Figure 2, an illustration of this PUSCH scheduling restriction is given.  In this figure, PDCCH1 and PDCCH2, schedule an initial PUSCH and a retransmitted PUSCH corresponding to the same HARQ process.  Hence, as shown in the figure, our understanding is that PDCCH2 can only be received by the UE after the end of the initial PUSCH transmission scheduled by PDCCH1.  Hence, with current NR specification, meeting strict latency requirements is challenging when PUSCH repetitions are scheduled with multiple DCIs.  Note that this involves transmissions on same HARQ process (i.e., transmitting the same TB with different RVs via two PUSCHs on the same HARQ process).

For PUSCH repetition over multi-TRP enhancements using two different DCIs, meeting strict latency requirements  is challenging.

[image: ]
[bookmark: _Ref54346137]Figure 2.  Transmission of two PUSCHs scheduled with two uplink DCIs for the same HARQ process according to restrictions specified in NR Rel-15/16.

For URLLC, it is beneficial to allow back-to-back (re)transmission of PUSCH over multiple TRPs where the PUSCHs are scheduled by different DCIs. In this way both reliability and reduced latency are addressed.  Back-to-back PUSCH repetition using different DCIs is demonstrated in Figure 3.

For PUSCH repetition over multi-TRP enhancements using two different DCIs, allow back-to-back (re)transmission of PUSCH over multiple TRPs is beneficial.

[image: ]
[bookmark: _Ref54349733]Figure 3.  An example of back-to-back PUSCH repetitions using different DCIs

[bookmark: _Toc61892569]  Consider allowing back-to-back scheduling of PUSCH repetitions via multiple DCIs over multiple TRPs in NR Rel-17. 
Aperiodic CSI on PUSCH
In NR up to Release 16, aperiodic CSI report is multiplexed only once with PUSCH even when PUSCH is repeated (i.e., A-CSI is multiplexed with PUSCH in the first PUSCH). If the A-CSI report is not correctly decoded by the gNB, the gNB discards the report and triggers UE for another A-CSI report. If the A-CSI is transmitted by the UE in a slot when the channel associated with a TRP is blocked, then the A-CSI cannot be received with sufficient quality and decoding of the A-CSI will fail at the gNB.  To improve the reliability of A-CSI, it may be beneficial to repeat A-CSI over multiple PUSCHs transmitted targeting different TRPs.  

If A-CSI is carried in only one PUSCH occasion, the A-CSI may not be received by the gNB when the channel between the UE and a TRP is blocked.  
[bookmark: _Toc61892570]  To improve A-CSI reliability, support A-CSI multiplexing on at least two PUSCH occasions towards different TRPs in NR Rel-17.

PUCCH Enhancements
In the last RAN1 meeting, the following agreements were reached on PUCCH enhancements [2]. In this sub-section, we discuss the remaining issues and present our views.Agreement
For multi-TRP PUCCH transmission schemes.  
· Support multi-TRP inter-slot repetition (Scheme 1)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more slots carries a repetition of the UCI. 
· FFS: Number of repetitions
· Further study the support (one or both) of the following schemes
· Multi-TRP intra-slot beam hopping (Scheme 2)
· UCI is transmitted in one PUCCH resource in which different sets of symbols within the PUCCH resource have different beams.
· FFS: More than 2 beam hopping instances per PUCCH resource.
· Multi-TRP intra-slot repetition (Scheme 3)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more sub-slots within a slot carries a repetition of the UCI. 
· Note1: whether to support two PUCCH resources or the same PUCCH resource with different beams for Scheme 1 and 3 to be discussed separately. 

Agreement
For multi-TRP PUCCH transmission schemes,
· For Scheme 1, at least PUCCH format 1/3/4 can be used. 
· FFS: Support of PUCCH format 0/2 for Scheme 1 
· FFS: Support of PUCCH formats for Scheme 2 and/or Scheme 3 (if schemes are agreed).

Agreement
For PUCCH multi-TRP enhancements in FR2, 
· Support separate power control parameters for different TRP via associating power control parameters via PUCCH spatial relation info. 
· Note: No spec impact.
· For per TRP closed-loop power control for PUCCH, further study the following alternatives considering TPC command when the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are not the same.  
· Option.1: A single 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 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 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.
· FFS: Transition period for beam / power / frequency change. 
· FFS: Required power control enhancements for FR1

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.  



Agreement
For multi-TRP TDM-ed PUCCH transmission schemes, 
· Support the use of a single PUCCH resource 
· Up to two spatial relation info’s can be activated per PUCCH resource via MAC CE
· FFS: Required enhancements for FR1
FFS: Use of multiple PUCCH resources.  

Agreement
For PUCCH multi-TRP enhancements in FR1,
· Support separate power control for different TRP.
· FFS: how to define the association between PUCCH and TRP.
· FFS: required enhancements.  

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.


Intra-slot Beam Hopping
One FFS item from last meeting is whether intra-slot beam hopping (Scheme 2) should be supported, i.e.
· Further study the support (one or both) of the following schemes
· Multi-TRP intra-slot beam hopping (Scheme 2)
· UCI is transmitted in one PUCCH resource in which different sets of symbols within the PUCCH resource have different beams.
· FFS: More than 2 beam hopping instances per PUCCH resource.

In intra-slot beam hopping, different sets of symbols may be transmitted in one PUCCH resource using different beams to different TRPs. In one scenario, the set of symbols with a same frequency in frequency hopping may be associated with a same beam. In this case, the specification change seems small for this scheme.  However, the drawback of the scheme is that if one beam/TRP is completely blocked, the PUCCH would be lost because it cannot be decoded generally with half of the symbols. Furthermore, data received from both TRPs are need for the PUCCH decoding, since one TRP does not have access to a complete PUCCH transmission. Thus, on the gNB side, it is a necessity that raw data samples have to be transferred from one TRP to the other, which places a high burden on network side implementation complexity and strict requirements on the backhaul properties.  Given these drawbacks, the benefit of intra-slot beam hopping is limited in our view.
Independent per TRP decoding is not possible for intra-slot beam hopping, since received data from one TRP has to be transferred to the other TRP for PUCCH decoding. 
[bookmark: _Toc61892571]Intra-slot beam hopping (Scheme 2) is not supported in NR Rel-17.
Intra-slot Repetition
Another related open issue is whether intra-slot PUCCH repetition (Scheme 3) should be supported. 
· [bookmark: _Hlk61828264]Multi-TRP intra-slot repetition (Scheme 3)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more sub-slots within a slot carries a repetition of the UCI.

In intra-slot PUCCH repetition, a PUCCH is repeated in two different sets of symbols within a slot. Each of the two PUCCH transmission occasion is transmitted with one of two beams to one of two TRPs.  Unlike in the intra-slot beam hopping case, here the PUCCH is decodable at each TRP. Thus, either individual decoding at each TRP or joint decoding with soft combing can be done at the gNB. More importantly, if one beam/TRP is completely blocked, the PUCCH can still be decoded at the other TRP.  
With intra-slot PUCCH repetition, a PUCCH can still be decoded even if one TRP is totally blocked.
Figure 4Error! Reference source not found. shows some evaluation results comparing intra-slot repetition vs. transmitting to a single TRP for a same total number of symbols. The simulation is done with two TRPs at 30GHz. At any given slot, one of the TRPs is blocked by 10dB with 10% of probability.  PUCCH formats 0/1//2/4 were evaluated. Other simulation assumptions can be found in the appendix. It can be seen that under channel blocking, repetition over two TRPs performs much better than single TRP for the same total number of symbols. 


[bookmark: _Ref61828178]Figure 4: PUCCH performance improvement with repetition over 2 TRPs under indoor hot-spot scenario at 4GHz. 

Large performance gain with intra-slot repetition is observed over single TRP for a same total number of symbols and different PUCCH formats.
Therefore, intra-slot PUCCH repetition should be supported in our view.
[bookmark: _Toc61892572]Support Multi-TRP intra-slot repetition (Scheme 3) in NR Rel-17
[bookmark: _Hlk58916746]Support of PUCCH format 0/2 for Inter-slot Repetition
In the last meeting, Scheme 1 with inter-slot PUCCH repetition was agreed and the PUCCH formats 1/3/4 will be supported in Scheme 1. One FFS item is whether the short PUCCH formats 0/2 should also be supported in Scheme 1.  Another FFS item is what PUCCH formats should be supported in Schemes 2 and 3 if they are agreed.
Agreement
For multi-TRP PUCCH transmission schemes,
· For Scheme 1, at least PUCCH format 1/3/4 can be used. 
· FFS: Support of PUCCH format 0/2 for Scheme 1 
· FFS: Support of PUCCH formats for Scheme 2 and/or Scheme 3 (if schemes are agreed).

Short PUCCH formats 0/2 was motivated for HARQ Ack feedback in a same slot as the associated PDSCH.  In our view, it is more useful to support intra-slot repetition for PUCCH Formats 0/2 with one or two symbols to improve reliability in case one TRP is blocked. 
For intra-slot repetition, our simulation results show that large performance gain can be achieved for both short and long PUCCH formats in case of TRP blocking. Hence, we make the following proposal:

[bookmark: _Toc61892573]Both short and long PUCCH formats are supported for Intra-slot repetition

Power Control
In the last meeting, it was agreed that separate closed-loop power control for different TRPs is supported for PUCCH repetition to two TRPs.  In terms of how to indicate the corresponding TPCs in DCI format 1_1/1_2, the following options were proposed:
· Option.1: A single 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 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 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.

In Option 1, the same TPC is applied to both beams/TRPs, which is inconsistent to the agreement that separate closed-loop power control for different TRPs is supported.  

In Option 2, a single TPC is indicated and applied to one of the two TRPs, the other TRP is not power controlled or is controlled at next scheduling time. In our view, this is not the proper way for separate power control for each TRP.

In both option 3 and option 4, two TPC values are indicated, one for each TRP.  The difference is that in Option 3, two TPC fields are supported while in Option 4, a single TPC field is used. Both can achieve per TRP power control.  For Option 4, some further study is needed on how to jointly encode the two TPC values and whether  the existing 2 bits TPC field in enough or more bits are needed.  

Therefore, we have the following proposal:


[bookmark: _Toc61892574]For per TRP closed-loop power control for PUCCH, support either Option 3 (two TPC fields in DCI 1_1/1_2) or Option 4 (one codepoint in TPC field indicating two TPC values) in NR Rel-17. 

Furthermore, there were the following two related FFS items from the last meeting:
· FFS: Transition period for beam / power / frequency change. 
· FFS: Required power control enhancements for FR1

For transition period or time gap for PUSCH repetition, we have sent a LS to RAN4. The same should be applicable for PUCCH. As for power control enhancements for FR1, our understanding is that in case of FR1, pathloss RS may not be explicitly configured for PUCCH. In that case, a default RS is used.  For PUCCH repetition to two TRPs, a default RS is not enough for the purpose and explicit  configuration of two pathloss RS is needed.  Consequently, a UE needs to track two pathloss RS. We don’t see the need for other enhancements. 

TRP to PUCCH Mapping 
On TRP to PUCCH transmission occasion mapping in Scheme 1, a working assumption was reached in the last meeting to support both cyclic or sequential mapping.  Similar to PUSCH, for cyclic mapping a concern was raised by some companies about a time gap that may be required for the switching between TRPs.  For that reason, the following clause was added in the working assumption:
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 

However, we do not fully understand why a UE that can support cyclic mapping for 2 repetitions  cannot support cyclic mapping for more than 2 repetitions. To us, the number of repetitions should not be a determining factor in determining whether a UE can support cyclic mapping or not.  Hence, we think it is better to wait for RAN4 reply to the LS before confirming this working assumption. 

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Confirm the working assumption for PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, i.e. support Alt3 (two SS sets associated with corresponding CORESETs).
Proposal 2	When PDCCH repetition is enabled for the UE, the default is that two PDCCH candidates are linked.  FFS whether more than two can be configured to be linked
Proposal 3	Two blind decodes per PDCCH pair is counted towards BD limit for the UE when the PDCCH consists of two PDCCH candidates that are linked.
Proposal 4	Support Alt.2 and use one of the linked PDCCH candidates in a CORESET having the lowest controlResourceSetId  or a SS set with lowest searchSpaceId in the linked SS sets.
Proposal 5	The PDCCH symbol occurring latest in time in a pair of linked PDCCH candidates is defined as the last symbol  regardless of which PDCCH candidate(s) the UE actually have detected.
Proposal 6	The DAI counter DAI is incremented only at the first time a PDCCH is transmitted ( i.e., at the first PDCCH occasion) in a linked pair of PDCCH candidates.
Proposal 7	The existing procedure for type 2 HARQ-ACK codebook construction is applied only for the first PDCCH occasion in case of PDCCH repetition regardless whether the PDCCH is actually detected in the first or/and the second PDCCH occasion.
Proposal 8	In case the CORESET is not configured as unavailable for PDSCH and if a PDSCH scheduled by a pair of PDCCHs overlap with resources in the CORESETs containing the PDCCHs, PDSCH rate matching is done around the union of the linked PDCCH candidates and corresponding DM-RS
Proposal 9	DCI Format 2-2/2-3  are also supported by multi-TRP based PDCCH enhancements.
Proposal 10	One of the two activated TCI states is used as the default TCI state, FFS whether the one is specified or indicated in a MAC CE activating the TCI states.
Proposal 11	Consider finalizing PDCCH enhancement with intra-slot PDCCH repetition first.
Proposal 12	For codebook/non-codebook based multi-TRP PUSCH, support two separate SRI fields in DCI, where the first SRI field indicates the SRI(s) corresponding to the first TRP and the second SRI field indicates the SRI(s) corresponding to the second TRP.
Proposal 13	For codebook based multi-TRP PUSCH, support two separate TPMI fields in DCI, where the first TPMI field indicates the TPMI corresponding to the first TRP and the second TPMI field indicates the TPMI corresponding to the second TRP.  The number of layers indicated in the first TPMI field and the second TPMI field are the same.
Proposal 14	For per TRP closed-loop power control for PUSCH, Option 3 is supported where a second TPC field is added in DCI formats 0_1 / 0_2.
Proposal 15	Dynamic switching between PUSCH transmission to a single-TRP and multi-TRP should be supported, i.e.  each PUSCH transmission is either targeting reception at one or at two TRPs.
Proposal 16	Two SRI/TPMI fields are supported for PUSCH repetition towards m-TRP.
Proposal 17	To dynamically indicate PUSCH transmission towards a single-TRP or multiple-TRPs, each SRI/TPMI field contains a codepoint that indicates whether the SRI/TPMI field is disabled or not.
Proposal 18	For CG PUSCH transmission towards multiple TRPs, support Alt.1.
Proposal 19	Reuse the same RV mapping method as in PUSCH repetition Type A for PUSCH repetition Type B
Proposal 20	Consider allowing back-to-back scheduling of PUSCH repetitions via multiple DCIs over multiple TRPs in NR Rel-17.
Proposal 21	To improve A-CSI reliability, support A-CSI multiplexing on at least two PUSCH occasions towards different TRPs in NR Rel-17.
Proposal 22	Intra-slot beam hopping (Scheme 2) is not supported in NR Rel-17.
Proposal 23	Support Multi-TRP intra-slot repetition (Scheme 3) in NR Rel-17
Proposal 24	Both short and long PUCCH formats are supported for Intra-slot repetition
Proposal 25	For per TRP closed-loop power control for PUCCH, support either Option 3 (two TPC fields in DCI 1_1/1_2) or Option 4 (one codepoint in TPC field indicating two TPC values) in NR Rel-17.
 

[bookmark: _In-sequence_SDU_delivery]References
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Appendix

Simulation Assumptions for PUCCH
	Parameters
	 Values

	Baseline schemes
	Single TRP Rel-15 PUCCH with repetition

	mTRP schemes
	Intra-slot repetition over 2 TRPs

	PUCCH formats
	Formats 0 to 4

	# symbols 
	Format 0: 2 for single TRP, 1 for mTRP with 2 repetitions
Format 1: 8 for single TRP, 4 for mTRP with 2 repetitions
Format 2: 2  for single TRP, 1 for mTRP with 2 repetitions
Format 4: 14 for single TRP, 7 for mTRP with 2 repetitions

	# of RBs 
	Format 0: 1
Format 1: 1
Format 2: 7
Format 4: 1

	UCI payload
	Format 0: 2
Format 1: 2
Format 2: 8
Format 4: 4

	Precoding assumptions
	PMI based

	Frequency hopping
	On

	Blocking enabled
	yes

	Blocking dB
	10

	Blocking prob per TRP
	10%

	Power offset between TRPs 
	0 dB

	Simultaneous Rx from 2 TRPs
	No

	Channel estimation
	Practical

	Soft combining
	yes

	Scenarios
	Indoor hot-spot at 4GHz
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