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Introduction
In Rel-16 discussion, PDSCH enhancements for multi-TRP have been specified, while PDCCH, PUCCH and PUSCH are remained to be enhanced due to the lack of time. In RAN#86, the Rel-17 WID of further enhancements on MIMO for NR is approved [1]. In order to complete the multi-TRP enhancement for all channels, in the approved WID, a particular point is enhancement to improve reliability and robustness for channels other than PDSCH, targeting for both FR1 and FR2. The detail is given as follows.
	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 RAN1#103-e meeting, some progresses were made for PDCCH, PUSCH and PUCCH enhancements respectively.  
In this contribution, we provide our views and simulation results for some potential enhancements.
Discussion
 PDCCH enhancement
In RAN1#103-e meeting, the following agreements were made for PDCCH reliability enhancement [2].
	Agreement#1
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

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



In the last meeting, a lot of time was spent on the discussion for option 2 + case 1. Finally, option 2+case 1+alt 3 was agreed as a working assumption. In our view, option 2+case 1+alt 3  should be confirmed to achieve more flexibility on the premise of linkage.
Proposal 1-1: Confirm the working assumption, i.e. option 2+case 1+alt 3.
Option 2+case 1+alt 3
Blind detection & overbooking
In RAN1#103-e meeting, the following agreements were made for PDCCH reliability enhancement [2]. 
	Agreement#2
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).


In Rel-16, UE counts the number of blind detections towards each single DCI based on the number of monitoring PDCCH candidates, where the number of BDs counting on one PDCCH candidate is 1. Because the complexity of polar decoding is assumed as the largest among all the receiving procedures, if 2 DCIs are repeated and linked in advance, how UE counts the number of PDCCH candidates under different decoding assumptions listed in the above Agreement#2 becomes an important issue. In our view, the demapping and channel estimation should consume smaller number of blind detections than the polar decoding operation at UE side. 
To illustrate the BD counting rules of four assumptions, the premise is claimed as below. The 2 linked PDCCH candidates, namely candidate x and candidate y, are treated as a PDCCH candidate pair; candidate x and candidate y are in SS1 associated with CORESET1 and SS2 associated with CORESET2, respectively. Assuming that the BD counter of each PDCCH candidate pair is denoted as X, which can be split into two parts: the BD counter of  candidate x is denoted as X1, the BD counter of candidate y is denoted as X2. The BD counter of PDCCH candidate pair X equals to the sum of  X1 and X2, i.e. X=X1+X2.
Under this major premise, the first case is that candidate x and candidate y are in different slot or span as depicted in Figure 2.1-1. In this scenario:
· Assumption 1: at slot n or span n, the UE processing of DCI on candidate x will only be CCE demapping; At slot n+1 or span n+1, the processing of DCI on candidate y will be both CCE demapping of the candidate y and polar decoding of combined candidate x and y. Due to the complexity of polar decoding is the largest among all the receiving procedures,  the counter of candidate y should be larger than the counter of candidate x, i.e. X2>X1.
· For example, for a single PDCCH candidate, if we consider procedure of CCE demapping before polar decoding as the counter 0.2, the polar decoding as the counter 0.8, then X1=0.2 is for procedures before decoding of candidate x, X2=1 is for procedures before decoding of candidate y and for polar decoding of candidate x and y, so X=1.2.
· Assumption 2: candidate x and candidate y are CCE demapped and decoded individually, so the counter of candidate x and candidate y are the same, i.e., X1=X2=1,  and X=2.
· Assumption 3: at slot n or span n, DCI on candidate x will be decoded completely; At slot n+1 or span n+1, DCI on candidate y will be CCE demapped and channel estimated, then the data after channel estimation are combined and decoded for once. 
· For example, X1=1 is for decoding completely of candidate x, and X2=1 is for procedures before decoding of candidate y and decoding of candidate x and y, so X=2. Although the BD number of assumption 3 and 2 may be similar, the assumption 3 may need more hardware memory because UE should store CCE demapping results of candidate x in slot n+1 or span n+1.
· [bookmark: _GoBack]Assumption 4: at slot n or span n, DCI on candidate x will be decoded completely; at slot n+1 or span n+1, DCI on candidate y will be decoded completely. Further, the data after channel estimation are combined and decoded at slot n+1 or span n+1, so the BD counter of candidate y should be larger than the counter of candidate x, i.e. X2>X1. 
· For example, X1=1 is for decoding completely of candidate x, and X2=1.8 is for decoding completely of candidate y and decoding of candidate x and y, so X=2.8.
[image: PDCCH assumption-2 slots]
Figure 2.1-1: Candidate x and candidate y are in different slots
The second case is that candidate x and candidate y are in the same slot or span as depicted in Figure 2.1-2. In this scenario, because the number of blind detection is counted per slot or span, and the PDCCH candidate x and candidate y may be detected together, so the BD counter of the candidate pair X can be totally counted on the candidate with the smaller SS set index which has higher priority in the case of overbooking, and the BD counter of the candidate with a larger SS set index equals to 0, i.e. X=X1, X2=0. the X value under different assumptions is the same as the first case.
[image: PDCCH assumption-1 slot]
Figure 2.1-2: Candidate x and candidate y are in the same slot
From the procedures and counter values analyzed above, it is obvious that assumption 1 has the lowest complexity while assumption 4 has the largest complexity at UE side. In addition, assumption 2 has the similar complexity as assumption 3.
Observation 1-1: Assumption 1 has the lowest complexity, while assumption 4 has the largest complexity at UE side. 
Proposal 1-2: If two linked PDCCH candidates are in different slot or span, the BD counter of the later PDCCH candidate is larger than or equal to the BD counter of the former PDCCH candidate. 
Proposal 1-3: If two linked PDCCH candidates are in the same slot, the BD counter of the PDCCH candidate with a smaller SS set index equals to the BD counter of the PDCCH candidate pair.
To compare the performance among different assumptions, we provide some simulation results in this section. In the simulation, 0dB or 3dB gap of the large scale SNR between two TRPs is assumed for both blockage and non-blockage scenarios. Also for the blockage scenario, 10% blockage probability is assumed per each TRP, once a TRP transmission is blocked, 20dB loss is assumed. More assumptions can be found in Table 1 of Appendix. 
Simulation results are depicted in Figure 2.1-3, 2.1-4, 2.1-5 and 2.1-6, respectively. From all the simulation results, it can be found that assumption 1, 3 and 4 provide the similar performance in both blockage and non-blockage scenarios. In blockage scenario, assumption 1, 3 and 4 make better performance than assumption 2 in the range of BLER > 10-3, and all assumptions provide similar performance at 10-3 BLER. In non-blockage scenario, assumption 1, 3 and 4 make better performance than assumption 2 because of soft combining gain (Chase combining gain). 
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(a) AL=8, Gap = 3dB                                                          (b) AL=16, Gap = 3dB
Figure 2.1-3: Simulation results of different schemes under blockage scenario
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(a) AL=8, Gap = 3dB                                                          (b) AL=16, Gap = 3dB
Figure 2.1-4: Simulation results of different schemes under non-blockage scenario
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(a) AL=16, Gap = 0dB                                                          (b) AL=8, Gap = 0dB
Figure 2.1-5: Simulation results of different schemes under blockage scenario
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(a) AL=16, Gap = 0dB                                                          (b) AL=8, Gap = 0dB
Figure 2.1-6: Simulation results of different schemes under non-blockage scenario
Based on the results for both blockage and non-blockage scenarios, the following can be observed. 
Observation 1-2: Assumption 1, 3 and 4 show the similar performance, which are better than assumption 2.
From the perspective of the theoretical analysis as well as the simulation results, the complexity of assumption 3 and 4 are high, but they don't get more gain compared with assumption 1. Assumption 2 has the worst performance both under blockage scenario and non-blockage scenario. Thus, we propose to support assumption 1. 
Proposal 1-4: Assumption 1 is supported.
The rule of BD counting on PDCCH candidates is used for UE to determine whether the number of blind detection exceeds the limitation in a single slot or span. In the rule of counting PDCCH candidates analyzed above, the BD counter X, X1 or X2 can be a constant and larger than 1, which makes it easier to reach the limitation. In a certain slot or span, if the BD on the paired PDCCH candidates causes overbooking, a fall-back solution can be that UE drops one of the paired SSs instead of dropping both the paired SS sets. 
Proposal 1-5: In a certain slot or span, if the BD on the paired PDCCH candidates causes overbooking, UE can drop one of the paired SSs instead of dropping both the paired SSs.
Other aspects
In option 2+case 1+alt 3, 2 PDCCH repetitions are meant to schedule a single PDSCH or PUSCH instead of scheduling individual PDSCHs or PUSCHs, which brings the issue that how to determine the scheduling information of the PDSCH/PUSCH. In Rel-16, 2 CORESETPoolIndex values are agreed in multi-DCI based multi-TRP operation, indicating that the PDCCH transmissions are from 2 TRPs. According to the spec, if 2 different values of CORESETPoolIndex in ControlResourceSet are configured, several scheduling information of the scheduled PDSCH/PUSCH should be determined according to the corresponding CORESETPoolIndex.  However, this description cannot be directly applicable to PDCCH repetition in Rel-17 where only one PDSCH or PUSCH is scheduled, since UE doesn’t know some scheduling information should be based on which CORESETPoolIndex, e.g. which one of the first and second set of CRS rate matching patterns should be used for PDSCH, which one of the two scrambling ID should be used, etc. Another case is that, some of the scheduling information is determined according to different content of scheduling DCIs, such as DAI and scheduling offset K0, K1 or K2 value. Since the payload of DCI repetitions are exactly the same, if 2 DCIs are monitored in different monitoring occasions or slots, UE will make a confusion on the DAI order or certain time to receive PDSCH or to send PUSCH. The detailed analyses are listed as below.
1. Default beam in the case when the slot offset between PDCCH and PDSCH is smaller than the threshold
In Rel-16 for mulit-DCI based multi-TRP transmission, the default beam of PDSCH follows the CORESET with the lowest index in the latest slot among CORESETs associated with the respective CORESETPoolIndex. However, this rule will cause ambiguity in Rel-17 since a PDSCH may be scheduled by two PDCCHs which are associated with different CORESETPoolIndex. One simple solution is to define one of two repeated PDCCHs as the reference of the other to determine the default beam of PDSCH. Assuming that the 2 PDCCH candidates are linked to schedule one PDSCH and they are monitored in different slot, if the slot offset between the later monitored PDCCH and the scheduled PDSCH is smaller than the threshold, the default beam of the PDSCH can follow the beam of the CORESET having the lowest CORESET index among CORESETs which are configured with the same  CORESETPoolIndex as the reference PDCCH. Then, the ambiguity issue can be solved.
2. CRS rate matching
In Rel-16, separate CRS rate matching is supported for mulit-DCI based multi-TRP transmission. That is, a PDSCH can do rate matching around a set of CRS patterns which are associated with the respective CORESETPoolIndex. However, this rule will also cause ambiguity in Rel-17 since a PDSCH may be scheduled by two PDCCHs which are associated with different CORESETPoolIndex. A simple and straight-forward way similar with aforementioned solution for default beam is that the scheduling information can be determined according to the reference PDCCH, i.e. the REs which are declared as not available for the PDSCH are indicated by the set of CRS patterns associated with CORESETPoolIndex which is the same as CORESETPoolIndex value of the referenced PDCCH.
3. Scrambling ID
The same issue exists in multi-DCI based multi-TRP transmission for PDSCH scrambling, and the same solution can be used, i.e. the PDSCH DM-RS scrambling sequence initialization is based on the RRC parameters associated with CORESETPoolIndex which is the same as CORESETPoolIndex value of the referenced PDCCH.
4. DAI
[image: DAI]
Figure 2.1-7: DAI value of PDCCH repetition
A simple example illustrating the DAI issue is depicted in Figure 2.1-7. DCI1-(1,3) means the value (counter-DAI, total-DAI) in DCI1. DC11 in MO1 and DCI4 in MO2 are repeated DCI so they have the same DAI content.  In the current spec, the number of HARQ-ACK bit is determined based on the total-DAI in the last received DCI, which is DCI4 and DCI5 in MO2. However, DCI4 and DCI5 have different total-DAI values due to the repetition of DCI4, so it will make a confusion on how to feed back the HARQ-ACK codebook. In order to solve the problem, when generating the dynamic HARQ-ACK codebook, the former repeated DCI can be treated as the reference DCI for the scheduling PDSCH, and UE doesn’t count DAI value in the later repeated DCI, because there is only one scheduled PDSCH, UE only needs to feed back 1 ACK/NACK bit towards 2 repeated DCIs. To illustrate the solution, assuming that DCI2, DCI3 and DCI5 are received successfully, there are 4 cases needed to discuss: 
· Case1: DCI1 is not received by UE while DCI4 is received successfully
· DCI1 is the reference DCI, UE can assume that the DAI value in the DCI4 is the DAI value of DCI1, and when generating the dynamic HARQ-ACK codebook, UE ignores the DAI value in DCI4. The ACK bit for the PDSCH scheduled by DCI1 and DCI 4 is positioned before that for DCI 2,3 and 5. 
· Case2: DCI4 is not received by UE while DCI1 is received successfully
· UE feeds back 4 ACK bits for DCI1, DCI2, DCI3 and DCI5 in the normal order.
· Case3: both DCI1 and DCI4 are received successfully
· UE can ignore the DAI value in the later repeated DCI, i.e. DCI4, then feeds back the 4 ACK bits for DCI1, DCI2, DCI3 and DCI5 in the normal order.
· Case4: Neither DCI1 nor DCI4 is received successfully
· In dynamic HARQ-ACK codebook, UE feeds back NACK bit in the position of DCI1, and feeds ACK bit towards DCI2, DCI3 and DCI5.
[image: codebook]
Figure 2.1-8: Dynamic HARQ-ACK codebook generation of 4 cases
5.  Slot offset K value
When 2 DCIs are repeated in different slots, and UE uses the same scheduling slot offset K0, K1 or K2 value indicated by the 2 DCIs to determine scheduled PDSCH, PUSCH or ACK/NACK, one single PDSCH or PUSCH scheduled by two repeated DCIs cannot be ensured. To address the issue, one solution which is similar with solving the above problems, is that taking one repeated DCI as a reference, UE determines the transmission slot of PDSCH/PUSCH/PUCCH based on the indicated slot offset and the slot of the referenced DCI even only the non-referenced DCI is received successfully.  
In general, to address the above ambiguity issues, one of two linked DCIs can be the reference to determine the PDSCH/PUSCH/PUCCH/CSI/RS scheduling information.
Proposal 1-6: One of two linked DCIs can be the reference to determine the scheduling information including default beam of PDSCH, CRS rate matching, scrambling ID, ACK/NACK feedback and scheduling slot offset.
    
Option 3 + alt 3, multi-chance PDCCH, without soft combining, without link
In option 2+case 1+alt 3, if the PDCCH repetition is semi-statically configured, gNB should send the repetitions at the linked location all the time, which is not only a strict restriction of gNB but also a waste of resources, since sometimes the channel has a good and stable quality, and there is no need to send PDCCH repetition. 
Therefore, option 3 + alt 3 can be supported to acquire more flexibility, i.e. multi-chance PDCCH repetition with separate SS sets and CORESETs. This scheme is suitable for UEs without soft combining capability. In such case, dynamic switching between single TRP and multi-TRP operations can be supported in order to save PDCCH resource overhead. Compared with option 2 + case 1 with explicit linkage, this scheme has lower UE complexity and less resource overhead. 
From the perspective of flexibility, (Option 3 +  Alt3 + Case 2) is the best, i.e. separate DCIs from two SS associated with corresponding CORESETs can schedule the same PDSCH/PUSCH/RS/TB/etc, or result in the same outcome. In such case, two PDCCH candidates are not explicitly linked together, i.e., UE does not know the linking before decoding. Hence, the legacy CORESET/SS structure can be completely reused. If UE successfully detects both PDCCHs which schedule the same PDCCH/PUSCH/RS/CSI reporting, UE can just ignore one of the two PDCCHs.  Further, two PDCCHs can still schedule different PDCCH/PUSCH/RS/CSI reporting, which is the same as Rel-15/16. 
As shown in Figure 2.1-9, two DCIs with different TCI states can schedule the same SRS resource set for PDCCH reliability enhancement. For flexibility, two DCIs can also schedule independent SRS resource set (or data or others) which is the same as Rel-16. 
· When both DCIs are in the same slot, after UE receives both DCIs successfully, UE firstly needs to decide whether two DCIs trigger the same SRS resource set(s) or not. If yes, UE can ignore one of the two DCIs. If not, the UE behavior is the same as Rel-16.  For this case, the spec impact is marginal, just some UE behaviors need to be clarified in the spec in the case when two DCIs result in the same outcome.
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Figure 2.1-9: Intra-slot multi-chance PDCCH transmissions 
· When the two DCIs are in different slots, since the slot offset k between PDCCH and a SRS resource set is configured by RRC signalling, DCI0 in slot n and DCI1 in slot n+1 will trigger the same SRS resource set in slot n+k and n+k+1 respectively as shown in Figure 2.1-10. This will cause the SRS resource waste since UE may transmit the same SRS resource set twice. 
[image: ]
Figure 2.1-10: Inter-slot multi-chance PDCCH transmissions 
To solve this issue for inter-slot multi-chance PDCCH enhancement, an additional slot offset ∆ can be configured for DCI0 via SS basis. Then, the final slot offset between DCI0 and the SRS resource set can equal to k+∆ . As shown in Figure 2.1-11, ∆ = 1. Consequently, the both DCIs will trigger the SRS resource set in the same slot.  The spec impact is only on RRC signalling. 
[image: ]
Figure 2.1-11: Inter-slot multi-chance PDCCH with additional slot offset for DCI 0
In short, 
· multi-chance PDCCH introduces the most flexibility 
· the number of BDs/CCEs can be the same as Rel-15/16 
· dynamic switching between Rel-15/16 and multi-chance PDCCH can be supported 
· the PDCCH reliability is also increased in blockage scenario since two PDCCH chances can be with separate TCI states. 
Therefore, we propose to support multi-chance PDCCH transmission. 
Proposal 1-7:  Support multi-chance PDCCH transmission without explicit linkage, i.e. Option 3 +  Alt3 + Case 2
· Two DCIs from two SS associated with corresponding CORESETs can schedule the same PDSCH/PUSCH/RS/TB/etc. or result in the same outcome.
· Two DCIs can also trigger independent signalling as Rel-15/16. 

PUSCH enhancement
In RAN1#103-e meeting, the following agreements were reached for PUSCH enhancement [2].
	Agreement#1
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#2
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#3
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#4
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#5
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#6
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#7
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#8
For single DCI based M-TRP PUSCH repetition Type A and B, further study required enhancements on PTRS-DMRS association.
Agreement#9
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.


In this section, we discuss the following aspects of multi-TRP PUSCH enhancements:
· Codebook based multi-TRP PUSCH repetition
· Non-codebook based multi-TRP PUSCH repetition
· Configuration of power control and spatial relation
· Enhancement on PTRS-DMRS association
Codebook based multi-TRP PUSCH repetition
Indication of two TPMIs for two TRPs
For single DCI based multi-TRP PUSCH repetition, the indication of two TPMIs/SRIs for codebook based scheme was agreed in the last meeting. Besides, it was also agreed that the transmission rank and the number of SRS ports for all PUSCH transmissions towards two TRPs are same as shown in above Agreement#1. 
In Rel-15/16, only one DCI field of “Precoding information and number of layers” is used to indicate TPMI and transmission rank, and only one DCI field of “SRS resource indicator” is used to indicate SRI. As to how many TPMI fields in DCI are needed for Rel-17 multi-TRP enhancements, the following two alternatives were listed and agreed for further study in the last meeting:
· Alt 1: One TPMI field
· Alt 2: Two TPMI fields
In Alt 1, for the indication of two TPMIs targeting to two TRPs, all candidate combinations of the two TPMIs should be included. However, the amount of all combinations will be too huge in some cases, which will lead to a terrific effort as well as a poor readability of the specifications.
In Alt 2, two separate TPMI fields will be used for the indication of two TPMIs targeting to two TRPs respectively. Where TPMI field 1 is still based on Rel-16 scheme and also be used to indicate the transmission rank, TPMI field 2 is the part of TPMI field 1 since transmission rank indication is not needed anymore. Table 2.2-1 illustrates an example of that TPMI field 2 in the case of PUSCH transmitted by 4 full-coherent ports. Since DCI size cannot be changed dynamically, maximum 5 bits should be used/reserved for TPMI field 2.
Table 2.2-1: TPMI filed 2 for the case of PUSCH transmitted by 4 full-coherent ports
	Bit field mapped to index
	TPMI2 for rank 1
	TPMI2 for rank 2
	TPMI2 for rank 3
	TPMI2 for rank 4

	0
	1 layer: TPMI=0
	2 layer: TPMI=0
	3 layer: TPMI=0
	4 layer: TPMI=0

	1
	1 layer: TPMI=1
	2 layer: TPMI=1
	3 layer: TPMI=1
	4 layer: TPMI=1

	…
	…
	…
	…
	…

	4
	
	
	
	4 layer: TPMI=4

	…
	
	
	
	reserved

	6
	
	
	3 layer: TPMI=6
	...

	...
	
	
	reserved
	

	21
	
	2 layers: TPMI=21
	...
	

	...
	
	reserved
	
	

	27
	1 layers: TPMI=27
	...
	
	

	28-31
	reserved
	reserved
	reserved
	reserved


With respect to DCI overhead, it can be concluded that Alt 1 is same as Alt 2. For example, when UE transmits PUSCH based on the TPMI corresponds to 4 full-coherent ports in multi-TRP operation, all of the candidate combinations of Alt 1 should include the cases of rank 1, 2, 3 and 4. Correspondingly, the total number of all candidates is 62 (legacy) + 28×28 (rank 1) + 22×22 (rank 2) + 7×7 (rank 3) + 5×5 (rank 4) = 1404, which means the DCI overhead of Alt 1 is 11 bits. For Alt 2, the DCI overhead of the TPMI field 1 is 6 bits, and the DCI overhead of the TPMI field 2 is 5 bits (which depends on the maximum reservation of rank 1 with 28 candidates), then the DCI overhead of Alt 2 is also 11 bits. Similarly, the situation is the same for other cases.
On the other hand, the spec change of Alt 2 is more intuitive than Alt 1, which means it can guarantee the legibility of specifications in the future. Therefore, our preference is to support that two TPMI fields in DCI for PUSCH transmission towards two TRPs.
Proposal 2-1: Support two TPMI fields in DCI for multi-TRP PUSCH transmission with codebook based scheme, where TPMI field 1 is the same as Rel-16, TPMI field 2 is the part of TPMI field 1 with the same transmission rank. 
In Rel-16, in the context of different types of traffics (i.e. eMBB traffics and URLLC traffics) require different performance metrics of reliability and latency, RAN1 agreed that NW can dynamically indicate UE to transmit PDSCH based on one or two TRPs for performance enhancement. By the same token, it is beneficial to support dynamic switching between single-TRP and multi-TRP operations for PUSCH enhancements in Rel-17. 
Proposal 2-2: Support dynamic switching between single-TRP and multi-TRP operations for PUSCH enhancements.
For this purpose, a straight-forward way is to add an indication field with 2 bits (four states) in DCI for this dynamic switching, where state 0, 1 and 2 are used to indicate single-TRP1, single-TRP2 and multi-TRP operation respectively. However, it is evident that this way will lead to a further increase of DCI overhead.
To minimize DCI overhead and enable dynamic switching between single-TRP and multi-TRP operations, another solution is that to utilize TPMI field 2 to indicate the dynamic switching. Echo the above example for TPMI field 2 corresponds to 4 full-coherent ports, two out of the reserved entries can be exploited to indicate the selected TRP in single-TRP operation, such as the entries with indices 30 and 31 (as illustrated in Figure 2.2-1). When the index of TPMI field 2 is 30 or 31, it means that PUSCH transmissions based on single-TRP operation, and the index of TPMI field 2 is 30 or 31 indicates that TPMI field 1 will be used for TRP1 or TRP 2 respectively to determine precoder matrix and transmission rank. When the index of TPMI field 2 is any one of 0 to 27, it means that PUSCH transmission is based on multi-TRP operation, and TPMI field 1 and TPMI field 2 are used for TRP1 and TRP2, respectively. According to the above elaboration, this solution can not only enable dynamic indication but also minimize DCI overhead.
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Figure 2.2-1: Indication of dynamic switching between single-TRP and multi-TRP operations via TPMI filed 2
Considering the minimization of DCI overhead, the following proposal can be adopted to fulfill the indication of dynamic switching between single-TRP and multi-TRP operations.
Proposal 2-3: Support to exploit some reserved entries in TPMI filed 2 to indicate dynamic switching between single-TRP and multi-TRP operations for codebook based PUSCH transmission.

Indication of two SRIs for two TRPs
With respect to the indication of two SRIs in DCI and guarantee dynamic switching between single-TRP and multi-TRP operations for codebook based scheme, likewise, there are two straight-forward ways: one extended SRI field v.s. two separate SRI fields (noted that it was agreed that two SRS resource sets can be configured and each which includes up to two SRS resources in the last meeting).
· Alt 1: One extended SRI field, where the DCI overhead is 2 bits or 4 bits for different SRS configurations, and the analysis is elaborated as follows:
· SRS resource set 0 {resource 0}, SRS resource set 1 {resource 1}.  
· 2 bits are needed as shown in Table 2.2-2.
Table 2.2-2: 2 bits for one extended SRI field
	SRI value
	SRS resource index
	Transmission scheme

	0
	0
	single-TRP

	1
	1
	single-TRP

	2
	0, 1
	multi-TRP

	3
	reserved
	reserved



· SRS resource set 0 {resource 0, 1}, SRS resource set 1 {resource 2, 3}.
· 4 bits are needed as shown in Table 2.2-3.
Table 2.2-3: 4 bits for one extended SRI field
	SRI value
	SRS resource index
	Transmission scheme

	0
	0
	single-TRP

	1
	1
	single-TRP

	2
	2
	single-TRP

	3
	3
	single-TRP

	4
	0, 2
	multi-TRP

	5
	0, 3
	multi-TRP

	6
	1, 2
	multi-TRP

	7
	1, 3
	multi-TRP


· SRS resource set 0 {resource 0}, SRS resource set 1 {resource 1, 2}. (vice verse)
· 4 bits are needed as shown in Table 2.2-4.
Table 2.2-4: 4 bits for one extended SRI field
	SRI value
	SRS resource index
	Transmission scheme

	0
	0
	single-TRP

	1
	1
	single-TRP

	2
	2
	single-TRP

	4
	0, 1
	multi-TRP

	5
	0, 2
	multi-TRP

	6
	reserved
	reserved

	7
	reserved
	reserved


· Alt 2: Two separate SRI fields, where the DCI overhead is 0 bit or 2 bits for different SRS configurations, and the analysis is elaborated as follows:
· SRS resource set 0 {resource 0}, SRS resource set 1 {resource 1}. 
· 0 bit is needed. 
When single-TRP operation, two entries in TPMI field 2 (such as the two indices 30 and 31 in Figure 2.2-1) can be used to implicitly indicate which one out of the two SRI fields is selected.
When multi-TRP operation, two SRI fields are used for two TRPs, respectively. Where SRS resource 0 in SRS resource set 0 is used for TRP0, SRS resource 1 in SRS resource set 1 is for used TRP1.
· SRS resource set 0 {resource 0, 1}, SRS resource set 1 {resource 2, 3}. 
· 2 bits for two SRI fields as shown in Table 2.2-5 and Table 2.2-6, respectively. 
Table 2.2-5: 1 bit for SRI field 1
	SRI value
	SRS resource index
	Transmission scheme

	0
	0
	single-TRP/ multi-TRP

	1
	1
	single-TRP/ multi-TRP


Table 2-2-6: 1 bit for SRI field 2
	SRI value
	SRS resource index
	Transmission scheme

	0
	2
	single-TRP or multi-TRP

	1
	3
	single-TRP or multi-TRP


When single-TRP operation, two entries in TPMI field 2 (such as the two indices 30 and 31 in Figure 2.2-1) can be used to implicitly indicate which one out of the two SRI fields is selected. Based on that, 1 bit of the selected SRI field is used to indicate the selected SRS resource in SRS resource set.
When multi-TRP operation, two SRI fields are used for two TRPs, respectively. Then, 1 bit of each SRI field is used to indicate the selected SRS resource in SRS resource set.
· SRS resource set 0 {resource 0}, SRS resource set 1 {resource 1, 2}. (vice verse)
· 2 bits for two SRI fields as shown in Table 2.2-7 and Table 2.2-8, respectively. 
Table 2.2-7: 1 bit for SRI field 1
	SRI value
	SRS resource index
	Transmission scheme

	0
	0
	single-TRP or multi-TRP

	1
	reserved
	reserved


Table 2.2-8: 1 bit for SRI field 2
	SRI value
	SRS resource index
	Transmission scheme

	0
	1
	single-TRP or multi-TRP

	1
	2
	single-TRP or multi-TRP


When single-TRP operation, two entries in TPMI field 2 (such as the two indices 30 and 31 in Figure 2.2-1) can be used to implicitly indicate which one out of the two SRI fields is selected. Based on that, 1 bit of the selected SRI field is used to indicate the selected SRS resource in SRS resource set.
When multi-TRP operation, two SRI fields are used for two TRPs, respectively. Then, 1 bit of each SRI field is used to indicate the selected SRS resource in SRS resource set.
Since Alt 2 does NOT need to increase SRI field to support dynamic switching between single-TRP and multi-TRP operations, there are always 1 or 2 bits can be saved. In addition, the similar mechanism of Alt 2 can be reused for non-codebook based PUSCH to support dynamic switching between single-TRP and multi-TRP operations. In contrast, how to extend Alt.1 for non-codebook based PUSCH is unclear.
Observation 2-1: To support dynamic switching between single-TRP and multi-TRP operations, the mechanism of Alt.1 based on one single SRI field may cause 1 or 2 more DCI bits and is hard to reused for non-codebook based PUSCH compared with Alt.2.
In light of the above analysis, the following proposal should be adopted:
Proposal 2-4: Support two SRI fields in DCI for multi-TRP PUSCH transmission with codebook based scheme, where the DCI overhead of each SRI field is 0 or 1 bit.
Non-codebook based multi-TRP PUSCH repetition
In Rel-15/16 for non-codebook based PUSCH transmission, SRI field in DCI is used to indicate one or more SRS resources in one SRS resource set, where the indicated SRS resource(s) determine the spatial relation and transmission rank of PUSCH. Before addressing the issue of the indication of two SRIs in multi-TRP operation, it should be clarified firstly that whether the transmission ranks between two TRPs are same. Here, to follow the same principle of codebook based scheme in multi-TRP PUSCH repetition and to reduce the DCI overhead of two SRIs indication, the transmission ranks between two TRPs should be same.
Proposal 2-5: Support that the transmission ranks between two TRPs should be same for non-codebook based multi-TRP PUSCH repetition.
Regarding the indication of two SRIs for non-codebook based scheme, similar method/rationale as the indication of two TPMIs for codebook based multi-TRP PUSCH scheme (discussed in section 2.1.1) could be given at here as well. Accordingly, it means that two separate SRI fields in DCI should be used. Where SRI field 1 is still based on Rel-15/16 and can be used to indicate the number of SRS resources/transmission rank, and SRI field 2 is the part of TPMI field 1 which have the same transmission rank. For example, the following Table 2.2-9 illustrates SRI field 2 in the case of 4 SRS resources in each SRS resource set (denoted as NSRS = 4).
Table 2.2-9: SRI filed 2 for NSRS = 4
	Bit field mapped to index
	SRI(s) 2 of rank 1
	SRI(s) 2 of rank 2
	SRI(s) 2 of rank 3
	SRI(s) 2 of rank 4

	0
	0
	0,1
	0,1,2
	0,1,2,3

	1
	1
	0,2
	0,1,3
	

	2
	2
	0,3
	0,2,3
	

	3
	3
	1,2
	1,2,3
	

	4
	
	1,3
	
	

	5
	
	2,3
	
	

	6
	reserved
	reserved
	reserved
	reserved

	7
	reserved
	reserved
	reserved
	reserved


Proposal 2-6: Support two SRI fields in DCI for multi-TRP PUSCH transmission with non-codebook based scheme.
Based on that, SRI field 2 can also be used to indicate the dynamic switching between single-TRP and multi-TRP operations and to minimize DCI overhead. Similarly, as per the example of Table 2.2-9 and as shown in the following Figure 2.2-2, when the index of SRI field 2 is 6 or 7, it means that PUSCH repetition is based on single-TRP operation, and the index of SRI field 2 is 6 or 7 indicates that SRI field 1 will be used for TRP1 or TRP 2, respectively. When the index of SRI field 2 is any one of 0 to 5, it means that PUSCH repetition is based on multi-TRP operation, where SRI field 1 and SRI field 2 are used for TRP1 and TRP2, respectively.
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Figure 2.2-2: Indication of dynamic switching between single-TRP and multi-TRP operations via SRI filed 2
As per our solution for single DCI based multi-TRP PUSCH transmission, it can be seen that the design and rationale of non-codebook based SRIs indication is in alignment with codebook based TPMIs/SRIs indication. The intentions of our solution are that (1) minimize the DCI overhead as much as possible, (2) adopt the unified design for both codebook and non-codebook based PUSCH, and (3) easily and intuitively configure the mapping between SRI and power control parameters of PUSCH with low spec impact. Thereby, it makes sense to use some entries in SRI field 2 to minimize DCI overhead and enable dynamic switching between single-TRP and multi-TRP operations.
Proposal 2-7: Support to exploit some entries in SRI filed 2 to indicate dynamic switching between single-TRP and multi-TRP operations for non-codebook based PUSCH transmission.
Configuration of power control and spatial relation
On power control of PUSCH transmission, its configuration is SRI-specific in Rel-15/16. Where the mapping between SRI and power control parameters of PUSCH (i.e, P0-Alpha, PL-RS, and closed-loop index) can be configured by SRI-PUSCH-PowerControl, and a list of SRI-PUSCH-PowerControl can be configured in sri-PUSCH-MappingToAddModList which corresponding to PUSCH targeting to a single-TRP in Rel-15/16. Based on that, when SRI field is present in DCI, one specific SRI-PUSCH-PowerControl is indicated to provide power control parameters of PUSCH. In contrast, when SRI filed is absent in DCI (e.g., only one SRS resource in SRS resource set), the values of each power control parameter will be default, such as the first value in P0-AlphaSet, the PL-RS corresponded to sri-PUSCH-PowerControlId = 0 and closed-loop index l = 0.
[image: ]
[image: ]
For multi-TRP PUSCH transmission with codebook based or non-codebook based scheme, RAN1 agreed that up to two SRS resource sets can be used for two TRPs. Correspondingly, configuration of SRI and PUSCH Power Control mapping should be TRP specific. After that, how to determine the power control parameters of two TRPs can be still based on Rel-15/16 scheme. In detail, when SRI field 1 and/or SRI field 2 present in DCI, power control parameters of PUSCH can be provided by its SRI-PUSCH-PowerControl, and the number of SRI-PUSCH-PowerControl in sri-PUSCH-MappingToAddModList may need to increase. When SRI field 1 and/or SRI field 2 absent in DCI, the values of power control parameters for two TRPs can be default. Specifically, the first set of values {the first value in P0-AlphaSet, the PL-RS corresponded to sri-PUSCH-PowerControlId = 0 and closed-loop index l = 0} is used for TRP1, and the second  set of values {the second value in P0-AlphaSet, the PL-RS corresponded to sri-PUSCH-PowerControlId = 1 and closed-loop index l = 1} is used for TRP2.
Proposal 2-8: Support that two sets of default values of power control parameters are used for two TRPs when SRI field 1 and/or SRI field 2 absent in DCI.
In Rel-16, the mapping between SRI and PUSCH PL-RS can be update by a MAC CE. Naturally, it also should be enhanced to update the mapping of two SRS resource sets for multi-TRP PUSCH transmission scheme. In order to address this issue, one out of two reserved bit in the MAC CE can be used to indicate the update for PL-RS related to which one out of two TRPs. For example as shown in Figure 2.2-3, when the indicated bit is 0, the mapping between SRI and PUSCH PL-RS of TRP1 should be updated by the MAC CE. When the indicated bit is 1, the mapping between SRI and PUSCH PL-RS of TRP2 should be updated by the MAC CE.
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Figure 2.2-3: Enhanced PUSCH Pathloss Reference RS Update MAC CE in Rel-17
Proposal 2-9: For PUSCH PL-RS updated by MAC CE for multi-TRP PUSCH transmission scheme, support to use one reserved bit in the current  PUSCH Pathloss MAC CE to enable TRP-specific PUSCH PL-RS update.
Enhancement on PTRS-DMRS association
In the last meeting, RAN1 agreed to enhance PTRS-DMRS association for single-DCI based PUSCH towards two TRPs. For the motivation to minimize DCI overhead, we discuss the cases of different transmission ranks and different number of PTRS ports as follows.
· When the transmission rank is 1, due to the number of PTRS ports and DMRS ports is 1, it means the association between PTRS port and DMRS port is uniquely determined. Thus, the association is NOT required to be enhanced. 
· When the transmission rank is 2, if the number of PT-RS ports is 2, it means the association between PTRS ports and DMRS ports is one to one mapping, and the association is NOT required to be indicate. However, if the number of PT-RS port is changed to 1, the association should be indicated. Luckily, the existing 2 bits for indicating PTRS-DMRS association in DCI is enough for PUSCH multi-TRP operation. For instance as shown in Table 2.2-10, where 1 out of 2 bits can be used for PUSCH transmission towards TRP1, the other bit is used for PUSCH transmission towards TRP2.
Table 2.2-10: PT-RS association for rank 2 with 1 PT-RS port
	Value of MSB
	DMRS port
	Value of LSB
	DMRS port

	0
	1st scheduled DMRS port for PUSCH transmission towards TRP1
	0
	1st scheduled DMRS port for PUSCH transmission towards TRP2

	1
	2nd scheduled DMRS port for PUSCH transmission towards TRP1
	1
	2nd scheduled DMRS port for PUSCH transmission towards TRP2


· When the transmission rank is 3 or 4, one straight-forward way is to extend the indication field of PT-RS association in DCI, but it will cause DCI overhead increasing. To avoid this problem, one solution is to use the existing 2 bits indication of PTRS-DMRS association in DCI for TRP1, then exploit some reversed entries or bits in DMRS port indication for TRP2. For instance as shown in Table 2.2-11, when transmission rank is 3, there is only 3 entries (or 2 bits) are used for DMRS port indication so that the remaining 5 entries or the remaining 2 bits can be used to indicate the PTRS-DMRS association for TRP2. After checking all tables of DMRS port indications for rank3 and 4 in the current TS38.212, there are at least 2 bits can be used for the purpose of PTRS-DMRS association but without any impact on the functionality for DMRS port allocation.
Table 2.2-11: PT-RS association for rank 3 with 2 PT-RS ports
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	2
	0-2

	1
	2
	0-2

	2
	2
	0-2

	3-7
	Reserved
	Reserved


Proposal 2-10: For the indication of PTRS-DMRS association in multi-TRP PUSCH transmission, 
· in the case of rank 2, reusing the existing indication of PTRS-DMRS association in DCI, where MSB and LSB can be used for two TRPs respectively. 
· in the case of rank 3 or 4, the existing indication of PTRS-DMRS association in DCI can be used for TRP1, and some remaining entries/bits of DM-RS port indication can be used for TRP2.
PUCCH enhancement
In RAN1#103-e meeting, the following agreements were reached for PUCCH enhancement [2].
	Agreement#1
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#2
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#3
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#4
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#5
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#6
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.


In this section, we discuss the following aspects of multi-TRP PUCCH enhancements:
· Update of spatial relation for PUCCH Groups in FR2
· Configuration of power control in FR1
· Dynamic indication of the number of PUCCH repetitions
Update of spatial relation for PUCCH Groups in FR2
In Rel-16 as shown in Figure 2.3-1, group of PUCCH resources can be configured for spatial relation update simultaneously, and up to four PUCCH groups are supported where each PUCCH resource group corresponds to one beam or one spatial relation. 

Figure 2.3-1: Enhanced PUCCH spatial relation actication/deactivation MAC CE in Rel-16
For multi-TRP PUCCH transmissions in Rel-17, due to different beams of one PUCCH resource can targeting to two TRP, it is naturally to allow one same PUCCH resource is included in two PUCCH Groups, such that the resource can be configured with two beams. For example, PUCCH Group 0 includes {resource 0, 1, 2} and PUCCH Group 1 includes {resource 0, 3, 4}, then PUCCH resource 0 can be configured with two beams and corresponding PUCCH Group 0 and 1 respectively. In the case when PUCCH resource 0 presents in MACCE, one reserved bit in the existing “Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE” can be used to further indicate which one of PUCCH Groups with the PUCCH resource 0 should be updated as shown in the above Figure 2.3-1.
Following the above example, when the indicated bit of PUCCH resource 0 equals to 0, it means that spatial relation of  PUCCH Group 0 will be updated. When the indicated bit of PUCCH resource 0 equals to 1, it means that spatial relation of PUCCH Group 1 will be updated. When two indicated bits in two octets of PUCCH resource 0 equal to 0 and 1 respectively, it means that spatial relations of PUCCH resource 0 in both PUCCH Group 0 and 1 will be updated simultaneously.
Proposal 3-1: One PUCCH resource can be included in two PUCCH Groups correspond to two beams.
Proposal 3-2: One reserved bit in the existing “Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE” can be used to indicate which one of PUCCH Groups with the same PUCCH resource should be updated.
Configuration of power control in FR1
Generally, in the context of the propagation paths of PUCCH transmissions targeting to different TRPs will be different with each other. Correspondingly, power control parameters should be separate for different beams/TRPs, and two sets of power control parameters for a given PUCCH resource should be supported to both cases of FR1 and FR2.
In FR2, due to power control parameters are configured per beam (associated to each configured spatial relation info) in current specifications, RAN1 agreed that support separate power control parameters for different TRPs via associating power control parameters with PUCCH spatial relation info. However, spatial relation info can only be configured in FR2. 
In FR1, according to the current specifications, spatial relation info is absent, Rel-15 only allows one configured set of power control parameters per PUCCH transmission. In detail, the value of p0 with alpha is the minimum value in P0AlphaSet, the PL-RS is the reference signal with index = 0 in PUCCH-PathlossReferenceRS, and the close loop index l = 0. For multi-TRP operation, since the channel condition between UE and two TRPs may be different, it is thus reasonable to allow the network to have different power control parameters for PUCCH transmissions towards different TRPs. 
In order to support separate power control parameter of multi-TRP PUCCH transmission in FR1, two sets of power control parameters can be configured by RRC signalling where each set has a value of p0 with alpha, pathloss RS ID and a closed loop index. For some PUCCH resources, the first set or second set of power control parameters can be configured for single-TRP operation. For some other PUCCH resources, both of the first and the second power control parameters can be configured for multi-TRP operation. 
Specifically one indicator for each PUCCH resource can be introduced and the candidate values of the indicator can be {0, 1, 2}. When the value is 0 or 1, it means single-TRP based PUCCH transmission, and the two sets of power control parameters are associated with two TRPs respectively. When the value is 2, it means multi-TRP based PUCCH transmission, and two sets of power control parameters are associated with two sets of PUCCH occasions respectively.
Based on the above analysis, we raised the corresponding proposal as below:
Proposal 3-3: For separate power control parameters of multi-TRP PUCCH enhancements in FR1, two sets of power control parameters can be configured by RRC signalling where each set has a dedicated value of p0, alpha, pathloss RS ID and a closed loop index.
· One PUCCH resource can be linked to one or both of the two sets of power control parameters.
 Dynamic indication of the number of PUCCH repetitions 
In Rel-15/16, the number of PUCCH repetitions can be configured by RRC signalling nrofSlots per PUCCH format. However, for Rel-17 multi-TRP PUCCH enhancement, the number of PUCCH repetitions should be indicated dynamically because of the real-time changes of channel fading, interference and propagation, which is also similar as the number indication of PUSCH/PDSCH repetitions in Rel-15/16. Therefore, it is beneficial to enable dynamic indication of the number of PUCCH repetitions compared to Rel-15/16 framework. 
One solution is to add a new DCI field to indicate the number of PUCCH repetitions. Although it may allows more flexibility in choosing the PUCCH resources, which will causes DCI overhead increasing. Another solution is to implicitly indicate the number of repetitions by the existing DCI field, e.g. “PUCCH resource indicator”, or “PDSCH-to-HARQ_feedback timing indicator”.  For one instance, the number of repetitions can be configured per PUCCH resource by RRC signalling. Once a PUCCH resource is selected by DCI field “PUCCH resource indicator”, the actual number of PUCCH repetitions can be determined correspondingly. For another instance, the number of repetitions can be configured for each candidate value of “PDSCH-to-HARQ_feedback timing indicator” by RRC signalling. In a nutshell, the latter solution should be considered to used for DCI overhead reduction.
Proposal 3-4: Support dynamical indication of the number of PUCCH repetitions.
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide the following observations and proposals on the enhancements of PDCCH, PUCCH and PUSCH. 
For PDCCH
Observation 1-1: Assumption 1 has the lowest complexity, while assumption 4 has the largest complexity at UE side. 
Observation 1-2: Assumption 1, 3 and 4 show the similar performance, which are better than assumption 2.
Proposal 1-1: Confirm the working assumption, i.e. option 2+case 1+alt 3.
Proposal 1-2: If two linked PDCCH candidates are in different slot or span, the BD counter of the later PDCCH
 candidate is larger than or equal to the BD counter of the former PDCCH candidate. 
Proposal 1-3: If two linked PDCCH candidates are in the same slot, the BD counter of the PDCCH candidate with a smaller SS set index equals to the BD counter of the PDCCH candidate pair.
Proposal 1-4: Assumption 1 is supported.
Proposal 1-5: In a certain slot or span, if the BD on the paired PDCCH candidatescauses overbooking, UE can drop one of the paired SSs instead of dropping both the paired SSs.
Proposal 1-6: One of two linked DCIs can be the reference to determine the scheduling information including default beam of PDSCH, CRS rate matching, scrambling ID, ACK/NACK feedback and scheduling slot offset.
Proposal 1-7:  Support multi-chance PDCCH transmission without explicit linkage, i.e. Option 3 +  Alt3 + Case 2
· Two DCIs from two SS associated with corresponding CORESETs can schedule the same PDSCH/PUSCH/RS/TB/etc. or result in the same outcome.
· Two DCIs can also trigger independent signalling as Rel-15/16. 

For PUSCH
Observation 2-1: To support dynamic switching between single-TRP and multi-TRP operations, the mechanism of Alt.1 based on one single SRI field may cause 2 more DCI bits and is hard to reused for non-codebook based PUSCH compared with Alt.2.
Proposal 2-1: Support that two TPMI fields in DCI for multi-TRP PUSCH transmission with codebook based scheme, where TPMI field 1 is the same as Rel-16, TPMI field 2 is the part of TPMI field 1 with the same transmission rank. 
Proposal 2-2: Support dynamic switching between single-TRP and multi-TRP operations for PUSCH enhancements.
Proposal 2-3: Support to exploit some reserved entries in TPMI filed 2 to indicate dynamic switching between single-TRP and multi-TRP operations for codebook based PUSCH transmission.
Proposal 2-4: Support two SRI fields in DCI for multi-TRP PUSCH transmission with codebook based scheme, where the DCI overhead of each SRI field is 0 or 1 bit.
Proposal 2-5: Support that the transmission ranks between two TRPs should be same for non-codebook based multi-TRP PUSCH repetition.
Proposal 2-6: Support two SRI fields in DCI for multi-TRP PUSCH transmission with non-codebook based scheme.
Proposal 2-7: Support to exploit some entries in SRI filed 2 to indicate dynamic switching between single-TRP and multi-TRP operations for non-codebook based PUSCH transmission.
Proposal 2-8: Support that two sets of default values of power control parameters are used for two TRPs when SRI field 1 and/or SRI field 2 absent in DCI.
Proposal 2-9: For PUSCH PL-RS updated by MAC CE for multi-TRP PUSCH transmission scheme, support to use one reserved bit in the current  PUSCH Pathloss Reference RS Update MAC CE to enable TRP-specific PUSCH PL-RS update.
Proposal 2-10: For the indication of PTRS-DMRS association in multi-TRP PUSCH transmission, 
· in the case of rank 2, reusing the existing indication of PTRS-DMRS association in DCI, where MSB and LSB can be used for two TRPs respectively.
· in the case of rank 3 or 4, the existing indication of PTRS-DMRS association in DCI can be used for TRP1, and some remaining entries/bits of DM-RS port indication can be used for TRP2.

For PUCCH
Proposal 3-1: One PUCCH resource can be included in two PUCCH Groups correspond to two beams.
Proposal 3-2: One reserved bit in the existing “Enhanced PUCCH Spatial Relation Activation/Deactivation MAC CE” can be used to indicate which one of PUCCH Groups with the same PUCCH resource should be updated.
Proposal 3-3: For separate power control parameters of multi-TRP PUCCH enhancements in FR1, two sets of power control parameters can be configured by RRC signalling where each set has a dedicated value of p0, alpha, pathloss RS ID and a closed loop index.
· One PUCCH resource can be linked to one or both of the two sets of power control parameters.
Proposal 3-4: Support dynamical indication of the number of PUCCH repetitions.

References
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Appendix
 LLS assumptions
Table 1: LLS assumptions of PDCCH repetition
	Parameter
	Value

	Antenna number
	1Tx,4Rx

	Channel model
	TDL-D

	Coding scheme
	Polar

	subcarrier (KHz)
	30

	Symbol number per PDCCH
	2

	AL
	8,16

	REG bundling size
	6

	Number of repetitions
	1, 2

	CCE-to-REG mapping
	Interleaved (Interleaver row: 2)

	Code rate
	AL8:(40+24)/864≈0.074
AL16:(40+24)/1728≈0.037

	DCI payload
	40 bits
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Figure 6.1.3.25-1: Enhanced PUCCH spatial relation Activation/Deactivation MAC CE




