3GPP TSG RAN WG1 #105-e			R1-2105715
e-Meeting, May 10th – 27th, 2021

Source:	NTT DOCOMO, INC.
[bookmark: _Hlk67577970]Title:	Type A PUSCH repetitions for Msg3
[bookmark: Source]Agenda Item:	8.8.3
[bookmark: DocumentFor]Document for: 	Discussion
1. Introduction
At the RAN1#104-e and RAN1#104bis-e meeting, the following agreements were made regarding type A PUSCH repetitions for Msg3 on “NR coverage enhancements” [1][2].

	Agreements:
· For the determination of RV for Msg3 PUSCH repetition, 
· RV of the first repetition is determined in the same way as legacy.
· Use RV 0 for the first repetition of Msg3 PUSCH initial transmission.
· Use a dynamically indicated RV id via DCI 0_0 with CRC scrambled by TC-RNTI for the first repetition of Msg3 PUSCH re-transmission.
· FFS determination of the RV sequence.  
Agreements:
· For indication of the number of repetitions for Msg3 initial transmission, Option 1 (i.e., using UL grant scheduling Msg3) is adopted.
· FFS additionally using MAC RAR for indication.
Agreements:
· For indication of the number of repetitions for Msg3 re-transmission, Option 1 (i.e., using DCI format 0_0 with CRC scrambled by TC-RNTI) is adopted. 
Agreements:
· For Msg3 PUSCH repetition, the following options are considered, aiming for down-selection in RAN1#104b-e:
·  Option 1-1: For gNB scheduled Msg3 PUSCH repetition without UE request,
· A UE indicates to support of Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
· For a UE supporting Msg3 PUSCH repetition, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· FFS details if any.
· Option 1-2: For gNB scheduled Msg3 PUSCH repetition without UE request,
· gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· For UE does not support Msg3 PUSCH repetition, UE transmits Msg3 PUSCH without repetition
· For UE does support Msg3 PUSCH repetition, UE transmits Msg3 PUSCH with repetition as indicated by gNB and UE uses, e.g., separate DMRS configuration or UCI multiplexing with Msg3 PUSCH (or other ways)
· Note: e.g., this can be for differentiation between UEs not supporting Msg3 PUSCH repetition and Rel-17 CE UEs supporting Msg3 PUSCH repetition or between RACH procedure with Msg3 PUSCH repetition and Msg3 PUSCH without repetition, etc.
· gNB blindly decodes Msg3 PUSCH with two different assumptions, w/ and w/o repetition.
· FFS details if any.
· Option 2-1: For UE requested Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can request RACH procedure with Msg3 PUSCH repetition via separate PRACH resources (FFS details, e.g., separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions after SSB association, etc.).
· Whether a UE would request is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· If Msg3 PUSCH repetition is requested by UE, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions for Msg3 PUSCH 3 (re)-transmission.  
· FFS the UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual
· FFS details if any.
· Option 2-2: For UE triggered Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· If Msg3 PUSCH repetition is scheduled, UE transmits Msg3 PUSCH with or without repetition. If UE transmits Msg3 PUSCH repetition, the number of repetition follows the indication of gNB and UE uses e.g., separate DMRS configuration or UCI multiplexing with Msg3 PUSCH (or other ways)
· Whether a UE would trigger is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· FFS details if any.
· Other options are not precluded. 




In this contribution, we discuss on the type A PUSCH repetitions for Msg3 for coverage enhancements.

2. Discussion on type A PUSCH repetitions for Msg3
· Differentiation between legacy UE and Rel.17 CovEnh UE
At RAN1#104-e and RAN1#104bis-e meetings, a mechanism of Msg3 repetition was discussed, and following options were agreed.

Option 1-1: A UE indicates whether to support Msg3 repetition before Msg3 transmissions. Msg3 is scheduled by a gNB with information about the UE capability of Msg3 repetitions.
Option 1-2: Msg3 is scheduled by a gNB without information about the UE capability of Msg3 repetition. A UE applies Msg3 repetition if UE supports Msg3 repetition. 
Option 2-1: A UE requests Msg3 repetition before Msg3 transmissions. Msg3 is scheduled by a gNB with information about the UE requests.  
Option 2-2: Msg3 is scheduled by a gNB without information about the UE capability of Msg3 repetition. A UE decides whether to apply Msg3 repetitions. 

First discussion point is whether a gNB knows UE’s capability regarding the support of Msg3 repetitions before Msg3 transmission. If a gNB does not know whether a UE supports Msg3 repetition or not, a gNB would allocate resources for Msg3 repetitions, regardless of the UE capability. This resource could be wasted if resources for repetitions are allocated to UE which does not support Msg3 repetition. To avoid such a case, a gNB should be able to differentiate between legacy UEs and Rel.17 CovEnh UEs before Msg3 scheduling. Therefore, a UE should indicate either the support or the request of Msg3 PUSCH repetition via separate PRACH occasions or separate PRACH preambles.

The next discussion point is whether UE should indicate the request or the support of Msg3 repetitions. Following reasons would motivate the indication of supporting Msg3 repetitions rather than the indication of requesting Msg3 repetitions.
· Even if a UE requests Msg3 repetition, a gNB should decide whether to schedule resources for repetitions or not based on received signal power/quality of uplink signal (i.e., PRACH), MCS and so on in addition to UE’s capability.
· In case of the indication of requesting Msg3 repetition, the UE has to decide whether to request Msg3 repetitions without sufficient information (e.g., MCS and assigned resources). 
· A UE does not know the exact received power/quality of uplink signals at gNB.
· 

On the other hand, it may be useful for gNBs to know UE’s condition to make appropriate decision on whether to schedule the Msg3 repetitions. Since a UE can roughly estimate the distance between BS and UE based on RSRP of received SSB, it can be reported to gNB together with the support of Msg3 repetitions. For example, if a UE (supporting Msg3 repetitions) indicates the request of Msg 3 repetitions only when RSRP of received SSB is lower than a certain threshold, a gNB can realize whether the UE is located at the cell-edge. However, it requires designing the appropriate condition of a Msg3 repetition request. 

Given that indication of the request requires more efforts than the indication of the support, it is preferable that a gNB determines whether to schedule Msg3 repetitions, after a UE indicates the support of Msg3 PUSCH repetition.

Proposal 1: It is preferable that a gNB determines whether to schedule Msg3 repetitions, after a UE indicates the support of Msg3 PUSCH repetition (Opt1-1) 


· Indication of the number of repetitions for Msg3 transmission
At the RAN1#104bis-e meeting, it was agreed that the number of repetitions for Msg3 transmission is indicated by UL grant scheduling Msg3 for initial transmission and by DCI format 0_0 with CRC scrambled by TC-RNTI for re-transmission. It is beneficial to reuse the current PUSCH repetition mechanism as much as possible for smaller specification impact. For these reasons, indicating the number of repetitions with repetition factors configured in a TDRA list is the reasonable approach for the Msg3 repetitions. This approach can indicate the number of repetitions without changing the content of UL grant in RAR and DCI format 0_0 with CRC scrambled by TC-RNTI. 

Proposal 2: Indicates the number of Msg3 repetitions with repetition factors configured in a TDRA list.



· Joint channel estimation between inter-slot repetitions in Msg3 transmissions
In the study item of coverage enhancement discussion, it was concluded that in NLOS Urban scenarios at 28GHz, relative differential MIL between Msg3 and reference channel, PUCCH Format 1, is 3.41 dB according to TR 38.830 [3]. Although Msg3 repetitions can enhance coverage performance, a large number of repetitions with occupying a lot of resources in time domain may be necessary for the Msg3 improvement. Joint channel estimation between inter-slot repetitions in Msg3 transmissions can help to improve the coverage performance in Msg3 repetitions, as well as that for PUSCH repetitions. This might require the differentiation between UEs supporting or non-supporting the joint channel estimation on top of supporting repetitions. If so, a UE can indicate to support of joint channel estimation in the same way as Msg3 repetitions.

Proposal 3: Support joint channel estimation between Msg3 repetitions. 


· RV id for Msg3 repetitions
For the RV id determination of Msg3 repetition, how the RV id of the first repetition has been decided at RAN1#104bis-e meeting. However, the RV sequence applied for Msg3 repetitions is still under discussion. 
Fig.1 shows the LLS results of Msg3 repetitions with different RV sequences. As can be seen in Fig.1, the gain of repetitions is almost the same regardless of RV sequences. 

Observation 1: A gain of Msg3 repetitions is almost the same regardless of RV sequences.  

Given the coverage performance is the same in all RV sequences, it is better to apply the same RV sequences as one supported in type A PUSCH repetition for small specification impacts. 

Proposal 4: Support the same RV sequences as one supported in type A PUSCH repetition considering specification impacts. 


Figure 1. Link level simulation results of Type A PUSCH repetitions for Msg3 in eMBB urban scenario with changing the RV sequence. The number of repetitions is 8 for all plots.

· Intra-slot frequency hopping in type A PUSCH repetitions for Msg3
Given that intra-slot frequency hopping is supported in non-repetition Msg3 transmissions, intra-slot frequency hopping provides the benefit in multiplexing between non-repetition Msg3 transmission and Msg3 repetition transmissions. Although, inter-slot frequency hopping provides higher coverage enhancement performance, intra-slot frequency hopping for Msg3 repetition provides flexibility in NW scheduling. Hence, both intra-slot frequency hopping and inter-slot frequency hopping should be supported for type A PUSCH repetitions for Msg3. This can give flexibility in NW scheduling by intra-slot frequency hopping, while achieving high coverage enhancement performance by inter-slot frequency hopping depending on gNBs.

Proposal 5: Support intra-slot frequency hopping for type A PUSCH repetitions for Msg3. 


3. Conclusion
In this contribution, we discussed on Type A PUSCH repetitions for Msg3 for coverage enhancements. Based on the discussion we made following proposals.
Proposal 1: It is preferable that a gNB determines whether to schedule Msg3 repetitions, after a UE indicates the support of Msg3 PUSCH repetition (Opt1-1) 

Proposal 2: Indicates the number of Msg3 repetitions with repetition factors configured in a TDRA list.

Proposal 3: Support joint channel estimation between Msg3 repetitions. 

Proposal 4: Support the same RV sequences as one supported in type A PUSCH repetition considering specification impacts. 

Proposal 5: Support intra-slot frequency hopping for type A PUSCH repetitions for Msg3. 

Observation 1: A gain of Msg3 repetitions is almost the same regardless of RV sequences.  
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