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Introduction
In RAN#86, further enhancements on MIMO for NR have been approved [1]. The objective includes:
· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
· Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
In this contribution, we will discuss the multi-TRP enhancement for PUCCH and PUSCH, respectively.

Multi-TRP Enhancements on PDCCH
In RAN1#102_e, the following agreements related to PDCCH multi-TRP enhancement were reached [2].
	Agreement
To enable a PDCCH transmission with two TCI states, study pros and cons of the following alternatives:
· Alt 1: One CORESET with two active TCI states
· Alt 2: One SS set associated with two different CORESETs
· Alt 3: Two SS sets associated with corresponding CORESETs
· At least the following aspects can be considered: multiplexing schemes (TDM / FDM/ SFN / combined schemes), BD/CCE limits, overbooking, CCE-REG mapping, PDCCH candidate CCEs (i.e. hashing function), CORESET / SS set configurations, and other procedural impacts.
 
Agreement
For non-SFN based mTRP PDCCH reliability enhancements, study the following options:
· Option 1 (no repetition): One encoding / rate matching for a PDCCH with two TCI states
· Option 2 (repetition): Encoding / rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload.
· Study both intra-slot repetition and inter-slot repetition
· Option 3 (multi-chance): Separate DCIs that schedule the same PDSCH /PUSCH /RS/TB/etc. or result in the same outcome.
· Study both cases of DCIs in the same slot and DCIs in different slots
Note 1: Companies are encouraged to evaluate the different options based on agreed LLS assumptions for possible down-selection in RAN1#103-e.
Note 2: The actual encoding / rate matching chain for PDCCH polar coding (i.e. 38.212 Sections 5.3.1 / 5.4.1 / 7.3.3 / 7.3.4) is not changed in the options above.

Agreement
[bookmark: _Hlk54005153]For mTRP PDCCH reliability enhancements, study the following multiplexing schemes
· TDM : Two sets of symbols of the transmitted PDCCH / two non-overlapping (in time) transmitted PDCCH repetitions / non-overlapping (in time) multi-chance transmitted PDCCH are associated with different TCI states
· Aspects and specification impacts related to intra-slot vs inter-slot to be discussed
· FDM : Two sets of REG bundles / CCEs of the transmitted PDCCH / two non-overlapping (in frequency) transmitted PDCCH repetitions / non-overlapping (in frequency) multi-chance transmitted PDCCH are associated with different TCI states
· SFN : PDCCH DMRS is associated with two TCI states in all REGs/CCEs of the PDCCH 
· Note: There is dependency between this scheme and AI 2d (HST-SFN )
· Note: Combinations of the schemes are not precluded, and they can be discussed at a later stage.

Agreement
For Alt 1 (one CORESET with two active TCI states), study the following 
· Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.
· Alt 1-2: Two sets of PDCCH candidates (in a given SS set) are associated with the two TCI states of the CORESET, respectively 
· Alt 1-3: Two sets of PDCCH candidates are associated with two corresponding SS sets, where both SS sets are associated with the CORESET and each SS set is associated with only one TCI state of the CORESET 
· Note 1: A set of PDCCH candidates contain a single or multiple PDCCH candidates, and a PDCCH candidate in a set corresponds to a repetition or chance
· Note 2: How one or more PDCCH candidates are counted for monitoring (for BD limit) is FFS 
· The note is applicable also to other alternatives 

Agreement
For Alt 1-2/1-3/2/3, study the following
· Case 1: Two (or more) PDCCH candidates are explicitly linked together (UE knows the linking before decoding) 
· FFS: How the explicit linkage is derived/determined by the UE
· Case 2: Two (or more) PDCCH candidates are not explicitly linked together (UE does not know the linking before decoding) 
· FFS: How the UE knows the linkage after decoding 


Multiplexing schemes for PDCCH
One of the most important issue for multi-TRP PDCCH enhancement is the multiplexing scheme. According to the agreement above, TDM, FDM and SDM are candidate schemes for multi-TRP PDCCH reliability enhancements. In our understanding, TDM should be supported as a baseline due to its simplicity. The TDM scheme does not require a UE to receive PDCCH via more than one TCI state simultaneously. Hence, it can be implemented on a UE of low capability (such as single-panel UE). As well as TDM, the FDM scheme should be supported for the purpose of latency reduction for multi-panel UEs. FDM allows for more than one TCI state in a PDCCH symbol. In comparison with the TDM scheme, a multi-TRP PDCCH adopting the FDM scheme can be transmitted in a shorter time. This low-latency feature is very suitable for URLLC, which is the target use case for multi-TRP PDCCH enhancement. Finally, in our understanding, there is no need to rush into a decision on SDM scheme due to the dependency on AI 2d. Whether or how to support SDM scheme should consider the results from AI 2d. 
Proposal 1: For multi-TRP PDCCH reliability enhancements, support both the TDM scheme and FDM scheme.
The association between PDCCH candidates
Another issue for multi-TRP PDCCH enhancement is the UE assumptions concerning linkage between PDCCH candidates. According to the agreement above, two assumptions (Case 1 and Case 2) are agreed for further study. We consider that Case 1 should be supported as baseline due to its simplicity. In Case 1, the UE knows the linking of PDCCH candidates before decoding. There is no need for the UE to figure out the association between the PDCCH candidates. This can help to reduce UE complexity after PDCCH decoding. Also, we consider that whether to support case 2 or not requires further justification. In Case 2, the UE does not know the linking of PDCCH candidates before decoding. From the gNB perspective, the linkage of PDCCH candidates can be dynamically changed which improves the flexibility for PDCCH scheduling. However, from the UE perspective, after blinding decoding of PDCCH candidates, extra effort is required to determine the linkage between the detected PDCCH candidates. Hence, further justification is necessary and evaluation of the UE performance gain and the corresponding complexity before Case 2 is adopted.
Proposal 2: For the association between PDCCH candidates, at least supports Case 1:
· Two (or more) PDCCH candidates are explicitly linked together (UE knows the linking before decoding)
Multi-TRP Enhancements on PUCCH
In RAN1#102_e, the following agreements related to PUCCH multi-TRP enhancement were reached [2].
	Agreement
To enable TDMed PUCCH transmission with different beams, support configuring/activating of multiple PUCCH Spatial Relation Info. RAN1 shall further study the exact schemes considering the following aspects, 
· Method of configuration/activation of multiple spatial relation info
· Use of the same PUCCH resource or different PUCCH resource for PUCCH transmission 
· Mapping between PUCCH repetition/symbol and spatial relation info among multiple PUCCH repetitions / multiple PUCCH symbols.

Agreement
For configuration/indication of the number of PUCCH repetitions, RAN1 shall further study the following,  
· Alt.1: Use Rel-15 like framework
· Alt.2: Dynamic indication of the number of PUCCH repetitions 

Agreement 
For multi-TRP PUCCH transmission, further investigate required power control enhancement.  

Agreement 
Support TDMed PUCCH scheme(s) to improve reliability and robustness for PUCCH using multi-TRP and/or multi-panel. Study the following alternatives,
· Alt.1: supporting both inter-slot repetition and intra-slot repetition / intra-slot beam hopping.
· Alt.2: supporting only inter-slot repetition
· Note1: It is not precluded to study the use of multiple PUCCH resources to repeat the same UCI in both inter-slot repetition and intra-slot repetition.  
· Note2: The alternatives are clarified as below,
· inter-slot repetition: One PUCCH resource carries UCI , another one or more PUCCH resources or the same PUCCH resource in another one or more slots carries a repetition of the UCI .
· intra-slot repetition: One PUCCH resource carries UCI , another one or more PUCCH resources or the same PUCCH resource in another one or more sub-slots carries a repetition of the UCI 
· intra-slot beam hopping: UCI is transmitted in one PUCCH resource in which different sets of symbols have different beams



Repetition schemes
The most important issue for multi-TRP PUCCH enhancement is the repetition scheme. According to the agreement above, two alternatives (Alt.1 and Alt.2) are agreed for further study. It is notable that inter-slot repetition is included in both of the alternatives without any objection. Hence, the remaining issue is whether to additionally support intra-slot repetition and/or intra-slot beam hopping.
We consider that intra-slot repetition for PUCCH should be supported. In comparison with inter-slot repetition, intra-slot repetition provides a finer granularity for TRP interleaving and, thus, is beneficial for latency reduction. For example, as shown in Figure 1, the format 1 PUCCH may have either inter-slot repetition or intra-slot repetition. Assuming that the UL channel to TRP#1 is blocked, a gNB cannot detect the PUCCH with inter-slot repetition until slot n+k+1. In comparison, it is possible for the gNB to detect the PUCCH with intra-slot repetition in slot n+k, which is 1 slot earlier. Also, intra-slot repetition is beneficial to improve the robustness for a PUCCH without slot-based repetition. For the case that UL coverage is not a limiting factor, slot-based PUCCH repetition is not necessary. As shown in Figure 1, if intra-slot repetition is adopted, the first half of the PUCCH format 1 is assigned to TRP#1 and the remaining part of the PUCCH format 1 is assigned to TRP#2. It is notable that each part of the PUCCH contains the same UCI bits. This improves that robustness of the PUCCH especially when one of the UL channels corresponding to one of the two TRPs is blocked.


Figure 1. Intra-slot repetition vs. Intra-slot repetition for multi-TRP PUCCH format 1


Figure 2. Intra-slot repetition for multi-TRP PUCCH format 1

Figure 3. Intra-slot beam hopping for multi-TRP PUCCH
We also consider that intra-beam hopping for PUCCH should be supported.  Similar to frequency hopping that exploits diversity gain in the frequency domain, intra-beam hopping can help a PUCCH to exploit diversity gain in the spatial domain. Hence, the robustness of the PUCCH is improved. For example, as shown in Figure 3, a repetition of PUCCH format 3 with intra-slot beam hopping is transmitted in slot n+k. The first half of the PUCCH repetition is assigned to TRP#1 and the second half of the PUCCH repetition is assigned to TRP#2. It is notable that each part of the PUCCH only contains a segment of the UCI bits. This improves that robustness of the PUCCH especially when one of the UL channels corresponding to one of the two TRPs experiences a deep fading.
Proposal 3: For the TDMed PUCCH schemes for multi-TRP enhancement, support Alt-1:
· both inter-slot repetition and intra-slot repetition/intra-slot beam hopping
Multi-TRP Enhancements on PUSCH
In RAN1#102_e, the following agreements related to PUSCH multi-TRP enhancement were reached [2].
	Agreement 
Further study M-TRP CG PUSCH reliability enhancements in Rel-17. 

Agreement 
For M-TRP PUSCH reliability enhancement, support single DCI based PUSCH transmission/repetition scheme(s). 
· Further study multi-DCI based PUSCH transmission/repetition scheme(s) to identify potential gains and required enhancements. 
· Note: This agreement does not reflect any prioritization of single DCI based PUSCH transmission/repetition over multi-DCI based PUSCH transmission/repetition. Ran1 can further discuss that in the next meeting.  

Agreement 
For single DCI based M-TRP PUSCH reliability enhancement, support TDMed PUSCH repetition scheme(s) based on Rel-16 PUSCH repetition Type A and Type B.
· Further study PUSCH transmission without repetition as a potential candidate M-TRP PUSCH scheme

Agreement
To support single DCI based M-TRP PUSCH repetition scheme(s), up to two beams are supported. RAN1 shall further study the details considering, 
1. Codebook based and non-codebook based PUSCH  
1. Enhancements on SRI/TPMI/power control parameters/any other 
Note1: Companies are encouraged to provide additional details on how above enhancements are applied to different PUSCH repetitions (e.g. mapping between PUSCH repetitions and beams)
Note2: Studying enhancements/aspects related to TA is not precluded.

Agreement
On the mapping between PUSCH repetitions and beams in single DCI based multi-TRP PUSCH repetition Type A and Type B, further study the following, 
· For both PUSCH repetition Type A and B, how the beams are mapped to different PUSCH repetitions (or slots/frequency hops),
· [bookmark: _Hlk52279769]Alt.1: cyclical mapping pattern (the first and second beam are applied to the first and second PUSCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUSCH repetitions). 
· Alt.2: sequential mapping pattern (the first beam is applied to the first and second PUSCH repetitions, and the second beam is applied to the third and fourth PUSCH repetitions, and the same beam mapping pattern continues to the remaining PUSCH repetitions). 
· Alt.3: Half-Half pattern (the first beam is applied to the first half of PUSCH repetitions, and the second beam is applied to the second half of PUSCH repetitions) 
· Alt.34: Other variants (e.g. configurable mapping patterns)
· Note1: For PUSCH repetition type B, the variants considering slot level beam mapping with the same mapping principals (replacing repetition with slot) in Alt.1/2/3 are also included. 
· Note2: For PUSCH repetition type A and B with frequency hopping, the variants considering frequency hop level beam mapping with the same mapping principals (replacing repetition with frequency hop) in Alt.1/2/3 can also be studied further. Final selection of such schemes also depends on the number of beams allowed per PUSCH repetition. 
· For PUSCH repetition Type B, which repetition type that the beams shall consider for the mapping,
· Alt.1: beams are mapped to the nominal repetitions
· Alt.2: beams are mapped to the actual repetitions
· Alt.3: beams are mapped to different slots (not in the granularity of actual/nominal repetition)
· Alt.4: Other variants
· Consider additional requirements on switching gap(s) between two PUSCH repetitions towards different TRPs considering beam switching latency aspects.
· Note: use of the above solutions to multi-DCI based PUSCH repetition and TDMed PUSCH transmission without repetition (when there are agreed to support) is not precluded. 



In the following, multi-TRP enhancement on PUSCH repetition type A and PUSCH repetition type B are discussed, respectively.
PUSCH repetition type A
[bookmark: _Hlk54100390]According to the agreement above, three candidate beam mapping patterns are provided for PUSCH repetition type A. Cyclical and sequential mapping patterns are introduced for multi-TRP PDSCH in Rel-16, and their performance gain was well justified. Due to the symmetry between PDSCH and PUSCH in NR, if no severe problem is identified, it is preferred to reuse the cyclical mapping pattern and the sequential mapping from multi-TRP PDSCH (as shown in Figure 4). The half-half pattern means that the first half of PUSCH repetitions is assigned to a TRP, and the second half of PUSCH repetitions is assigned to another TRP. Note that half-half pattern is different from the cyclical mapping pattern or the sequential mapping pattern only when the number of repetitions for a PUSCH is large (e.g. greater than 4). Due to the limited use case, the introduction of half-half pattern for PUSCH repetition type B requires further justification.
Proposal 4: For both PUSCH repetition Type A, support the following repetition patterns:
· Alt.1: cyclical mapping pattern 
· Alt.2: sequential mapping pattern 



Figure 4. PUSCH repetition type A
PUSCH repetition type B
Similar to PUSCH repetition type A, three candidate mapping patterns are provided for PUSCH repetition type B. For the same reason, it is preferred to reuse the cyclical mapping pattern and the sequential mapping from multi-TRP PDSCH (as shown in Figure 5). Also, the introduction of half-half pattern for PUSCH repetition type B requires further justification.
Another issue related to PUSCH repetition patterns is whether beams (TRPs) are mapped according to nominal repetitions or actual repetitions. In our opinion, nominal repetition is preferred. If actual repetition is adopted, it is restrictive from gNB perspective to arrange for the time domain resources for each of the TRPs. This is because any slot boundary or invalid symbol may result in a beam switching. In contrary, if nominal repetition is adopted, slot boundaries or invalid symbols do not matter any more. Beam switching only happens after an ending of nominal repetition, as for Alt 1-1 and Alt 1-2 in Figure 5.
Finally, an issue related to PUSCH repetition pattern is whether beams (TRPs) can be mapped according to different slots or not. In our opinion, slot-based beam mapping is preferred due to its simplicity. 
Proposal 5: For both PUSCH repetition Type B, support the following repetition patterns:
· Alt.1: cyclical mapping pattern 
· Alt.2: sequential mapping pattern 
Proposal 6: For both PUSCH repetition and B, support the following repetition patterns:
· Alt.1: beams are mapped to the nominal repetitions
· Alt.3: beams are mapped to different slots



Figure 5. PUSCH repetition type B
Conclusions
In this contribution, we discussed the Multi-TRP enhancements for PDCCH, PUCCH and PUSCH and the corresponding proposals are listed as follows.
Proposal 1: For multi-TRP PDCCH reliability enhancements, support both the TDM scheme and FDM scheme.
Proposal 2: For the association between PDCCH candidates, at least supports Case 1:
· Two (or more) PDCCH candidates are explicitly linked together (UE knows the linking before decoding)
Proposal 3: For the TDMed PUCCH schemes for multi-TRP enhancement, support Alt-1:
· both inter-slot repetition and intra-slot repetition/intra-slot beam hopping
[bookmark: _GoBack]Proposal 4: For both PUSCH repetition Type A, support the following repetition patterns:
· Alt.1: cyclical mapping pattern 
· Alt.2: sequential mapping pattern 
Proposal 5: For both PUSCH repetition Type B, support the following repetition patterns:
· Alt.1: cyclical mapping pattern 
· Alt.2: sequential mapping pattern 
Proposal 6: For both PUSCH repetition and B, support the following repetition patterns:
· Alt.1: beams are mapped to the nominal repetitions
· Alt.3: beams are mapped to different slots
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