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1. Introduction

The objectives of the work item on NR coverage enhancements are approved as follows [1]:
· Specification of PUSCH enhancements [RAN1, RAN4]

· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.

· The number of repetitions counted on the basis of available UL slots.

· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]

· TBS determined based on multiple slots and transmitted over multiple slots. 

· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]

· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]

· Potential optimization of DMRS location/granularity in time domain is not precluded

· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]
In this contribution, type A PUSCH repetitions for Msg3 is discussed, and proposals are provided.
2. Discussion
2.1. Msg3 PUSCH enhancement
In the WID, the detailed objectives of PUSCH enhancements are figured out. The objectives of type A PUSCH repetitions for Msg3 are not list in detail in WID. In this section, we try to figure out the scope of type A PUSCH repetitions for Msg3. One understanding is that the specification of type A PUSCH repetitions for Msg3 follows the same objectives of PUSCH enhancements. There are some difference about scheduling and transmission mechanisms between Msg3 PUSCH and normal PUSCH. The following discusses whether the mechanisms for enhancements on normal PUSCH is applicable to type A PUSCH repetitions for Msg3.
For the mechanisms of PUSCH repetition type A, it has already been supported in Rel-16. Increasing the maximum number of repetitions of normal PUSCH is the main mechanism to be specified. 
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.

· The number of repetitions counted on the basis of available UL slots.

Type A PUSCH repetitions for Msg3 is not supported before Rel-17.  RAN1 should firstly determine maximum number of repetitions for type A PUSCH repetitions for Msg3 in this work item. The repetition mechanisms for Msg3 can share those for enhancements on PUSCH repetition type A as much as possible, to reduce standard efforts.
Proposal 1: Maximum number of repetitions for type A PUSCH repetitions for Msg3 is specified. 

Proposal 2: The enhancements on PUSCH repetition and Msg3 PUSCH repetition can share the same mechanisms as much as possible. 
For the support of TB processing over multi-slot PUSCH, TBS is determined based on multiple slots. For Msg3 PUSCH, the size of Msg3 is fixed. The TB of Msg3 can be transmitted over multiple slots. The following mechanism can also be supported for Msg3 PUSCH repetition for the possible coverage gain.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]

· TBS determined based on multiple slots and transmitted over multiple slots. 

Proposal 3: Mechanism of TB processing over multi-slot PUSCH is supported for Msg3 repetition type A. 
Joint channel estimation over multiple PUSCH transmission can improve the performance of PUSCH reception. If joint channel estimation is supported over multiple Msg3 PUSCH transmission, the conditions should be investigated besides power consistency and phase continuity. Potential optimization of DMRS location/granularity in time domain can also studied for Msg3 PUSCH. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]

· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]

· Potential optimization of DMRS location/granularity in time domain is not precluded

· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]

Proposal 4: Joint channel estimation over multiple Msg3 PUSCH transmission is supported. 
2.2. Redundancy version for Msg3 PUSCH repetition
For PUSCH repetition Type A in Rel-16, the redundancy version to be applied on the nth transmission occasion of the TB, where n = 0, 1, … K-1, is determined according to the following table.
	rvid indicated by the DCI scheduling the PUSCH
	rvid to be applied to nth transmission occasion  (repetition Type A) or nth actual repetition (repetition Type B)

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	0
	0
	2
	3
	1

	2
	2
	3
	1
	0

	3
	3
	1
	0
	2

	1
	1
	0
	2
	3


The redundancy version of nth transmission occasion can be determined by the RV indicated in DCI scheduling the PUSCH repetition.
For the Msg3 transmission scheduled by RAR UL grant, UE transmits Msg3 using redundancy version number 0. For type A PUSCH repetitions for Msg3, the redundancy version of the PUSCH transmission occasions should be specified in RAN1. Explicit and implicit determination of redundancy version for Msg3 repetitions can be considered. It is proposed to specify the mechanisms to determine the redundancy version for Msg3 repetitions.
It can also use the same RV mapping of type A PUSCH repetition enhancement determined in 8.8.1.

Proposal 5: The redundancy version of the multiple repetitions for Msg3 transmission scheduled by RAR UL grant is specified. 
2.3. Repetition indication
In RAN1#103-e, the schemes on the indication of the number of repetitions for Msg3 transmission were agreed as follows [2].
Agreements: Capture the followings into the TR

Enhancements on Msg3 PUSCH repetition were studied from several aspects, including the indication of the number of repetitions for Msg3 initial transmission and re-transmission, the repetition type, the feasibility and applicability of enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission, inter-slot frequency hopping and differentiation between enhanced UE and legacy UE. 

· Potential specification impacts of indication of the number of repetitions for Msg3 initial transmission include:

· Explicit indication mechanism, e.g., indicated by RAR UL grant, DCI format 1_0 with CRC scrambled by RA-RNTI or SIB1.

· Implicit indication mechanism, e.g., determined by PRACH configuration or information carried by RAR.

· Potential specification impacts of indication of the number of repetitions for Msg3 re-transmission include:

· Explicit indication mechanism, e.g., indicated by DCI format 0_0 with CRC scrambled by TC-RNTI.

· Implicit indication mechanism, e.g., determined by Msg3 initial transmission.

For indication of the number of repetitions for Msg3 initial transmission, explicit indication mechanism includes RAR UL grant, DCI format 1_0 with CRC scrambled by RA-RNTI or SIB1. For the RAR UL grant and DCI format 1_0 based indication, gNB can flexibly indicate the repetition number for each Msg3 initial transmission scheduling. For the indication by RAR UL grant, in our view, the RAR UL grant size is hard to be extended to carry the number of repetitions for Msg3 initial transmission. Another option is to reinterpret some bits in RAR UL grant to indicate repetition number. These options will have some RAN1 and RAN2 specification impacts. SIB1 based indication can configure a common repetition number of Msg3 transmission for a cell. It is not flexible for the indication of repetition number, compared to RAR UL grant and DCI format 1_0 based indication. In Rel-15, DCI format 1_0 with CRC scrambled by RA-RNTI has 16 reserved bits. These bits can be used to indicate repetition number of Msg3 transmission, since the DCI is used to schedule RAR transmission, which carries UL grant for Msg3 initial transmission. UE will receive both DCI format 1_0 with CRC scrambled by RA-RNTI and RAR carrying UL grant to determine the repetition number and UL grant of Msg3 transmission. This scheme will have only RAN1 specification impacts. 

For the implicit indication mechanism, e.g., determined by PRACH configuration or information carried by RAR, it may bring some restriction to the PRACH configuration or RAR delivery. The indication is not flexible compared to explicit ways. We share the same views on the implicit indication mechanism of indication of the number of repetitions for Msg3 re-transmission. Therefore, the implicit indication mechanisms are not preferred in our view.
For the indication of the number of repetitions for Msg3 re-transmission, explicit indication through DCI format 0_0 with CRC scrambled by TC-RNTI can be used. Spare bits can also be found in the DCI, e.g. padding bits.
As discussed above, in our view, explicit indication through DCI format 1_0 with CRC scrambled by RA-RNTI is proposed for the indication of the number of repetitions for Msg3 initial transmission. Explicit indication through DCI format 0_0 with CRC scrambled by TC-RNTI is proposed for the indication of the number of repetitions for Msg3 re-transmission. 

Proposal 6: The number of repetitions for Msg3 initial transmission is indicated through DCI format 1_0 with CRC scrambled by RA-RNTI.
Proposal 7: The number of repetitions for Msg3 re-transmission is indicated through DCI format 0_0 with CRC scrambled by TC-RNTI.
3. Conclusions
In this contribution, type A PUSCH repetitions for Msg3 is discussed. The following are proposed.

Proposal 1: Maximum number of repetitions for type A PUSCH repetitions for Msg3 is specified. 

Proposal 2: The enhancements on PUSCH repetition and Msg3 PUSCH repetition can share the same mechanisms as much as possible. 
Proposal 3: Mechanism of TB processing over multi-slot PUSCH is supported for Msg3 repetition type A. 

Proposal 4: Joint channel estimation over multiple Msg3 PUSCH transmission is supported. 
Proposal 5: The redundancy version of the repetitions for Msg3 transmission scheduled by RAR UL grant is specified. 
Proposal 6: The number of repetitions for Msg3 initial transmission is indicated through DCI format 1_0 with CRC scrambled by RA-RNTI.
Proposal 7: The number of repetitions for Msg3 re-transmission is indicated through DCI format 0_0 with CRC scrambled by TC-RNTI.
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