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Introduction
In RAN#92e, 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 PDCCH, PUCCH and PUSCH, respectively.

Multi-TRP Enhancements on non-SFNed PDCCH
In RAN1#106bis_e, the following agreements related to PDCCH multi-TRP enhancement were reached [2].
	Agreement
For PDCCH repetition
· When DCI format 2_4 is detected in linked PDCCH candidates, for determination of set of symbols that cancelation indication in DCI format 2_4 is applied to, the candidate that ends later in time is the reference PDCCH candidate
· When the DCI format that triggers a SS set group switching is detected in linked PDCCH candidates, for the switching timeline (P_switch), the candidate that ends later in time is the reference PDCCH candidate
· When a DCI format 2_2/2_3 with TPC command is detected in linked PDCCH candidates, to determine whether the TPC command is within the TPC application time window or not, the candidate that ends later in time is the reference PDCCH candidate
· For timeline between PDCCH spans carrying BWP switching and CSI trigger respectively, take the span that involves the PDCCH candidate that ends later in time as the reference
· To determine the conditions for receiving SPS PDSCH release DCI and the SPS PDSCH in the same slot, the PDCCH candidate that ends later in time must end before the end of the SPS PDSCH



It was agreed in RAN1#104_e that PDCCH repetition can be achieved by using two SS sets associated with corresponding CORESETs in non-SFN case. In the following, potential enhancements are discussed for the support of PDCCH repetition.

0. Discussion on the reference PDCCH occasion for type I HARQ-ACK codebook on PUSCH  
[bookmark: _Hlk83200253]In previous meetings, a number of rules have been agreed for the determination of reference PDCCH candidate in the case of PDCCH repetition. However, there is one case on type I HARQ-ACK codebook on PUSCH that requires further discussion. In Rel-15/16, a timeline is specified for the handling of type I HARQ-ACK codebook on PUSCH. That is, as illustrated in Figure 1-a, when the PDCCH occasion (PO#2) that provides HARQ-ACK information starts later than the PDCCH occasion (PO#1) for the scheduling DCI format of the corresponding PUSCH, UE sets the HARQ-ACK information as ‘NACK’.


In Rel-17, as illustrated in Figure 1-b, due to the introduction of PDCCH repetition, it is possible that the PUSCH is scheduled by PDCCH with repetition and the two linked PDCCH candidates are in different PDCCH occasions (PO#1 and PO#3). Also, the HARQ-ACK information may correspond to two PDCCH candidates and the two linked PDCCH candidates are in different PDCCH occasions (PO#2 and PO#4). Therefore, in the case of PDCCH repetition, it is necessary to clarify the reference PDCCH occasion for the handling of type I HARQ-ACK codebook on PUSCH.


Proposal 1: In the case of PDCCH repetition, clarify the reference PDCCH occasion for the handling of type I HARQ-ACK codebook on PUSCH.

0. Determination of PDSCH beam when TCI field is not present in the scheduling mTRP PDCCH  
In the previous meeting, it was agreed that if the TCI field is not present in the DCI with two PDCCH candidates, and the scheduling offset is equal to or larger than timeDurationForQCL, PDSCH QCL assumption is based on the CORESET with lower ID among the first and second CORESETs. A leftover issue is whether to enable SDM/FDM/TDM PDSCH schemes w/o TCI field in the DCI.
In our view, it is beneficial to enable SDM/FDM/TDM PDSCH schemes w/o TCI field in the DCI. To guarantee high reliability in URLLC, a typical solution is to transmit both PDCCH and the corresponding PDSCH in mTRP manner and using the same beams. If this scheme is not supported, additional information bits (TCI field) are required for the beam indication. This has a negative impact on the reliability of the PDCCH.
Proposal 2: Support to enable SDM/FDM/TDM PDSCH schemes w/o TCI field in the DCI.	

0. PDCCH repetitions in multi-DCI based multi-TRP  
In the previous meeting, a leftover issue is whether to support PDCCH repetition in multi-DCI based multi-TRP. In our opinion, there is no need to support this case. Multi-DCI multi-TRP framework is designed for the purpose of flexible DCI scheduling in different TRPs. PDCCH repetition imposes unnecessary restrictions to DCI transmission in multi-DCI multi-TRP framework and the benefit of that in comparison with PDCCH repetition in single-DCI multi-TRP framework is unknown.
Proposal 3: Do not support PDCCH repetitions in multi-DCI based multi-TRP.
0. Single-TRP PDCCH repetition
In the previous meeting, another leftover issue is whether to support single-TRP PDCCH repetition using the agreed framework. In our opinion, there is no need to support this case. In the study phase of Rel-16 URLLC, it is confirmed by the simulation results from different companies that the performance gain of using single-TRP PDCCH repetition over PDCCH without repetition is marginal. Hence, we do not support any enhancement for single-TRP PDCCH repetition if additional standardization impact is expected.
Proposal 4: Do not support any enhancement for the purpose of single-TRP PDCCH repetition.

Multi-TRP Enhancements on PUCCH
In RAN1#104b_e, the following agreements related to PUCCH multi-TRP enhancement were reached [3].
	Agreement
When inter-slot frequency hopping is configured with Scheme 1, decide one from the below options in RAN1#105-e meeting,  
· Option 1
· If sequential mapping pattern is configured, frequency hopping is performed on slot level (as in Rel-15).
· If cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam. 
· Option 2: 
· gNB always configures sequential mapping pattern and frequency hopping is performed on slot level. (no spec impact)
· Option 3:
· Frequency hopping is performed on slot level as in Rel-15 (no spec impact). 



Repetition schemes

The most important issue for multi-TRP PUCCH enhancement is the repetition scheme. According to the agreement in the previous meeting, both inter-slot repetition and intra-slot repetition are supported. The remaining issue is whether to additionally support intra-slot beam hopping.
We 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 2, 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 coded UCI bits. This improves the robustness of the PUCCH especially when one of the UL channels corresponding to one of the two TRPs experiences deep fading.
Proposal 5: For the TDMed PUCCH schemes for multi-TRP enhancement, support intra-slot beam hopping (scheme 2).


Inter-slot frequency hopping of scheme 1
In the previous meeting, 3 options are provided to handle the inter-slot frequency hopping of scheme 1. From the perspective of functionality, the key difference among those 3 options is whether to support slot-based frequency hopping per TRP for PUCCH transmission with a cyclic beam pattern. In our view, option 1 is preferred since it supports that. We fail to see that reason that Rel-17 should only support slot-based frequency hopping for a sequential mapping pattern but not for a cyclic mapping pattern. This results in unnecessary reliability penalty for the case of a cyclic mapping pattern. As discussed in Rel-16, cyclic mapping outperforms sequential mapping in the scenario of high blockage probability. If option 1 is not adopted, the system performance in that scenario may degrade.
Proposal 6: When inter-slot frequency hopping is configured with Scheme 1, option 1 is preferred:
· If a sequential mapping pattern is configured, frequency hopping is performed at slot level (as in Rel-15).
· If a cyclical mapping pattern is configured, frequency hopping is performed among the repetitions within the same beam. 

Multi-TRP Enhancements on PUSCH
In RAN1#104_e, the following agreements related to PUSCH multi-TRP enhancement were reached [4].
	Agreement
Further study following aspects related to beam mapping and default behaviors for multi-TRP PUCCH/PUSCH schemes,  
· Whether enhancements needed on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols
· Whether frequency hopping is performed among the repetitions with the same beam
· Whether defining default beam for PUSCH is needed when PUSCH scheduled by DCI format 0_0 when two spatial relation info’s are configured for a PUCCH resource



In the following, frequency hopping enhancement of multi-TRP PUSCH is discussed.
Frequency hopping
A UE performs uplink frequency hopping to exploit frequency diversity. In the case of mTRP PUSCH transmission, if enabled, it is preferred to perform frequency hopping among the repetitions within the same beam. This can help to minimize frequency selective fading per TRP. In comparison, if frequency hopping is performed across different beams, it is possible that the repetitions for the same beam are always with the same frequency hop. If so, in the case that the channels corresponding to those beams do not share similar frequency selective fading, the performance gain of using frequency hopping is negligible. Hence, we have the following proposal.
Proposal 7: In the case of mTRP PUSCH transmission, if enabled, frequency hopping should be performed among the repetitions within the same beam.

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: In the case of PDCCH repetition, clarify the reference PDCCH occasion for the handling of type I HARQ-ACK codebook on PUSCH.
Proposal 2: Support to enable SDM/FDM/TDM PDSCH schemes w/o TCI field in the DCI.
Proposal 3: Do not support PDCCH repetitions in multi-DCI based multi-TRP.
Proposal 4: Do not support any enhancement for the purpose of single-TRP PDCCH repetition.
Proposal 5: For the TDMed PUCCH schemes for multi-TRP enhancement, support intra-slot beam hopping (scheme 2).
Proposal 6: When inter-slot frequency hopping is configured with Scheme 1, option 1 is preferred:
· If a sequential mapping pattern is configured, frequency hopping is performed at slot level (as in Rel-15).
· If a cyclical mapping pattern is configured, frequency hopping is performed among the repetitions within the same beam. 
Proposal 7: In the case of mTRP PUSCH transmission, if enabled, frequency hopping should be performed among the repetitions within the same beam.
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Figure 1-b. Timeline for Type 1 HARQ-ACK information on PUSCH in the case of PDCCH repetition
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Figure 2. Intra-slot beam hopping for multi-TRP (PUCCH)
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Figure 2. Intra-slot beam hopping for multi-TRP (PUCCH)
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Figure 1-a. Timeline for Type 1 HARQ-ACK information on PUSCH
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Figure 1-a. Timeline for Type 1 HARQ-ACK information on PUSCH
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