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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 PUCCH
In terms of PUCCH enhancement, since there is no PUCCH enhancement for licensed spectrum in Rel-16, Rel-15 design is naturally used as the baseline. In the following, each of the Rel-15 specified PUCCH format (PUCCH format 0~4) is discussed, respectively. Also, as common understanding, repetition scheme is assumed as TDM.
PUCCH format 0
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Figure 1. The structure of PUCCH format 0
[bookmark: _GoBack]PUCCH format 0 is a short PUCCH of at most 2 OFDM symbols and at most 2 UCI bits. As illustrated in Figure 1, a 2-symbol PUCCH format 0 is used for the feedback of HARQ-ACK information of a PDSCH. For the sequence generation, low PAPR sequence is used for each of the PUCCH symbols. The sequence for the first symbol corresponds to the same UCI as the sequence for the second symbol. This feature enables intra-slot TRP interleaving for spatial diversity gain. With the benefit of low latency, PUCCH format 0 is a valid candidate for further study to see whether it is beneficial to be incorporated with multi-TRP feature.
PUCCH format 1
PUCCH format 1 is a long PUCCH of at most 14 OFDM symbols and at most 2 UCI bits. As illustrated in Figure 2, a 12-symbol PUCCH format 1 is used for the feedback of HARQ-ACK information of a PDSCH. For the sequence generation, there are two types of sequence, which are the sequence for DM-RS and the sequence for UCI. For each symbol, UCI sequence is generated according to DM-RS sequence and modulated UCI bit. Also, same UCI bits are mapped to each of the UCI symbol. This feature enables intra-slot TRP interleaving for spatial diversity gain. 
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Figure 2. The structure of PUCCH format 1 without repetition
PUCCH format 1 supports slot-based repetition for better coverage. As illustrated in Figure 3, a PUCCH format 1 is used for the feedback of HARQ-ACK information of a PDSCH. The UCI bits for the PUCCH is repeated per slot. This feature also enables inter-slot TRP interleaving for spatial diversity gain.
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Figure 3. The structure of PUCCH format 1 with repetition
Therefore, with the benefit of flexible time domain length for different reliability requirement, PUCCH format 1 is a valid candidate for further study to see whether it is beneficial to be incorporated with multi-TRP feature.
PUCCH format 2
PUCCH format 2 is a short PUCCH of at most 2 OFDM symbols and more than 2 UCI bits. As illustrated in Figure 4, a 2-symbol PUCCH format 2 is used for the feedback of HARQ-ACK information of a PDSCH. For the sequence generation, PN sequence is used for each of the PUCCH symbols (for both DM-RS and UCI). The UCI bits mapped to the first PUCCH symbol are different from the UCI bits mapped to the second symbol. As opposed to PUCCH format 0, there is no UCI repetition in time domain for two-symbol PUCCH format 1. This feature may not be suitable for exploiting spatial diversity gain via multi-TRP feature. This is because, assuming that the PUCCH is transmitted via 2 TRPs and each of PUCCH symbol is mapped to a different TRP, if the channel for one of the TRPs suffers from blockage, the reliability of the PUCCH degrades significantly. This may not be acceptable to URLLC service. Hence, without adding new feature, Rel-15 specified PUCCH format 2 may not be a valid candidate for multi-TRP enhancement.
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Figure 4. The structure of PUCCH format 2
PUCCH format 3
PUCCH format 3 is a long PUCCH of at most 14 OFDM symbols and at most 2 UCI bits. As illustrated in Figure 5, a 12-symbol PUCCH format 3 is used for the feedback of HARQ-ACK information of a PDSCH. For the sequence generation, there are two types of sequence, which are the sequence for DM-RS and the sequence for UCI. For each symbol, UCI sequence is generated according to DM-RS sequence and modulated UCI bit. Also, different UCI bits are mapped to each of the UCI symbol. Similar to PUCCH format 2, within a slot, PUCCH format 3 may not be suitable for exploiting spatial diversity gain via multi-TRP feature.
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Figure 5. The structure of PUCCH format 3 without repetition
PUCCH format 3 can also perform slot-based repetition for better coverage. As illustrated in Figure 6, a PUCCH format 3 is used for the feedback of HARQ-ACK information of a PDSCH. Similar to PUCCH format 1, the UCI bits for the PUCCH is repeated per slot. This feature also enables inter-slot TRP interleaving for spatial diversity gain.
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Figure 6. The structure of PUCCH format 3 with repetition
Therefore, with the benefit of carrying more UCI bits than PUCCH format 0 or PUCCH format 1, PUCCH format 3 is a valid candidate for further study to see whether it is beneficial to be incorporated with multi-TRP feature.
PUCCH format 4
PUCCH format 4 is similar to PUCCH format 3 except the bandwidth limitation and the capability of inter-UE multiplexing. Since the bandwidth PUCCH format 4 is 1 PRB, the performance of PUCCH format 4 may be worse than PUCCH format 3 in coverage-limited scenario. Meanwhile, the capability of inter-UE multiplexing provided by PUCCH format 4 may not be crucial in URLLC scenario. In terms of multi-TRP based enhancement for URLLC, the advantage of PUCCH format 4 is uncertain in comparison with PUCCH format 3. Hence, the necessity of multi-TRP enhancement on PUCCH format 4 needs to be further justified.
In summary, on PUCCH multi-TRP enhancement, we have the following observation.
Observation 1: In terms of PUCCH multi-TRP enhancement
· PUCCH format 0
· intra-slot TRP interleaving is possible
· PUCCH format 1 
· intra-slot TRP interleaving is possible
· inter-slot TRP interleaving is possible
· PUCCH format 2
· TDM based TRP interleaving may not be possible
· PUCCH format 3
· inter-slot TRP interleaving is possible
· PUCCH format 4
· inter-slot TRP interleaving is possible
· the advantage of PUCCH format 4 is uncertain in comparison with PUCCH format 3
Based on the observation above, we have the following proposal.
Proposal 1: In terms of PUCCH multi-TRP enhancement, the following PUCCH format are preferred for further study
· PUCCH format 0
· PUCCH format 1
· PUCCH format 3
Multi-TRP Enhancements on PUSCH
In Rel-16, two types of PUSCH transmission, PUSCH repetition type A and PUSCH repetition type B was introduced. In the following, each type of PUSCH repetition is discussed, respectively.
Multi-TRP enhancement on PUSCH repetition type B
In Rel-16, PUSCH repetition type B was introduced for the purpose of reducing PUSCH latency. Instead of slot-based repetition, PUSCH repetition is transmitted in back-to-back manner. An example of dynamic grant for PUSCH repetition type B is illustrated in Figure 7.
[image: ]
Figure 7. PUSCH repetition type B
For PUSCH repetition type B, information bits for a PUSCH are repeated per actual repetition. Therefore, both intra-slot TRP interleaving and inter-slot interleaving is possible for the PUSCH. Therefore, with the benefit of low latency, PUSCH repetition type B is a valid candidate for further study to see whether it is beneficial to be incorporated with multi-TRP feature.
Multi-TRP enhancement on PUSCH repetition type A
In Rel-16, the term of PUSCH repetition type A is introduced mainly for the reference of the slot-based PUSCH repetition specified in Rel-15. Also, it is supported that the number of repetitions for the PUSCH can be dynamically indicated via TDRA table.
[bookmark: _Hlk47690051]For PUSCH repetition type A, information bits for a PUSCH are repeated per slot. Therefore, similar as the previous analysis of PUCCH format 3, intra-slot TRP interleaving for the PUSCH may not be suitable since the reliability of the PUSCH may significantly degrade due to TRP blockage. In terms of multi-TRP enhancement for URLLC, the advantage of PUSCH repetition type A is uncertain in comparison with PUSCH repetition type B. Hence, the necessity of multi-TRP enhancement on PUSCH repetition type A needs to be further justified.
In summary, on PUCCH multi-TRP enhancement, we have the following observation.
Observation 2: In terms of PUSCH multi-TRP enhancement
· PUSCH repetition type B
· intra-slot TRP interleaving is possible
· inter-slot TRP interleaving is possible
· PUSCH repetition type A
· inter-slot TRP interleaving is possible
· the advantage of PUSCH repetition type A is uncertain in comparison with PUSCH repetition type B
Based on the observation above, we have the following proposal.
Proposal 2: In terms of PUSCH multi-TRP enhancement, PUSCH repetition type B is preferred for further study
Conclusions
In this contribution, we discussed the Multi-TRP enhancements for PDCCH, PUCCH and PUSCH and the corresponding proposals are listed as follows.
Observation 1: In terms of PUCCH multi-TRP enhancement
· PUCCH format 0
· intra-slot TRP interleaving is possible
· PUCCH format 1 
· intra-slot TRP interleaving is possible
· inter-slot TRP interleaving is possible
· PUCCH format 2
· TDM based TRP interleaving may not be possible
· PUCCH format 3
· inter-slot TRP interleaving is possible
· PUCCH format 4
· inter-slot TRP interleaving is possible
· the advantage of PUCCH format 4 is uncertain in comparison with PUCCH format 3
Observation 2: In terms of PUSCH multi-TRP enhancement
· PUSCH repetition type B
· intra-slot TRP interleaving is possible
· inter-slot TRP interleaving is possible
· PUSCH repetition type A
· inter-slot TRP interleaving is possible
· the advantage of PUSCH repetition type A is uncertain in comparison with PUSCH repetition type B
Based on the observation above, we have the following proposals.
Proposal 1: In terms of PUCCH multi-TRP enhancement, the following PUCCH format are preferred for further study
· PUCCH format 0
· PUCCH format 1
· PUCCH format 3

Proposal 2: In terms of PUSCH multi-TRP enhancement, PUSCH repetition type B is preferred for further study
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