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1. Introduction

In RAN1#104-e, Type A PUSCH repetitions for Msg3 was discussed, and the following agreements were made [1].

Agreements:
· For indication of the number of repetitions for Msg3 initial transmission, down-select one option from the options below.

· Option1: UL grant scheduling Msg3.

· FFS details.

· FFS fallbackRAR UL grant. 

· Note: Optimization specific for fallbackRAR UL grant in 2-step RACH is not considered in Rel-17 CovEnh WI, if supported.

· Option2: DCI format 1_0 with CRC scrambled by RA-RNTI

· FFS details. 

· Option3: SIB1 only

· Any modifications of RAR UL grant or DCI format 1_0 with CRC scrambled by RA-RNTI for indicating Msg3 repetitions shall not impact the legacy UE interpretation of the RAR or DCI format 1_0 with CRC scrambled by RA-RNTI respectively

Agreements:
· For indication of the number of repetitions for Msg3 re-transmission, down-select one option from the options below.

· Option1: DCI format 0_0 with CRC scrambled by TC-RNTI.

· FFS details.

· Any modifications of DCI format 0_0 with CRC scrambled by TC-RNTI for indicating Msg3 repetitions shall not impact the legacy UE interpretation of the DCI format 0_0 with CRC scrambled by TC-RNTI.

· Option2: Can be determined based on the repetition number  for  Msg3 initial transmission

Agreements:
Support inter-slot frequency hopping for repetition of Msg3 initial and re-transmission.

· FFS details, e.g., signaling etc.

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 triggered Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can trigger RACH procedure with Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
· Whether a UE would trigger is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· If Msg3 PUSCH repetition is triggered by UE, gNB decides the number of repetitions for Msg3 PUSCH 3 (re)-transmission.  
· 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, issues on Type A PUSCH repetitions for Msg3 are further discussed. 
2. Discussion
2.1. Indication of the number of repetitions for Msg3
For indication of the number of repetitions for Msg3 initial transmission, down-select one option from the options below.
· Option1: UL grant scheduling Msg3
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. The existing fields in the RAR UL grant can be reused to carry the number of repetitions for Msg3. TDRA was raised as an option for this purpose during last meeting. The repetition number can be configured in the PUSCH-TimeDomainResourceAllocationList, as specified in Rel-16 for URLLC PUSCH transmission. For Msg3 repetition, the repetition number can also configure in the PUSCH-TimeDomainResourceAllocationList, which is for PUSCH-ConfigCommon. If PUSCH-TimeDomainResourceAllocationList is not included in PUSCH-ConfigCommon, default PUSCH time domain resource allocation A is applied. In this case, the repetition number can be configured separately in PUSCH-ConfigCommon for each or all the entries in the default TDRA A table. 
Besides TDRA field in the RAR UL grant, other fields can also be considered, e.g., frequency resource allocation, CSI request. It can be studied further to minimize the specification impacts.
· Option2: DCI format 1_0 with CRC scrambled by RA-RNTI
In Rel-15, DCI format 1_0 with CRC scrambled by RA-RNTI has 16 reserved bits. In Rel-16, few more reserved bits are used. These remaining 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. Option2 is also feasible. 
· Option3: SIB1 only

SIB1 based indication can configure a common repetition number of Msg3 transmission for a cell. In our view. it is not flexible for the indication of repetition number, compared to RAR UL grant and DCI format 1_0 based indication.
Proposal 1: Option 1 or 2 can be applied for the indication of number of repetitions for Msg3 initial transmission.
For the indication of the number of repetitions for Msg3 re-transmission, down-select one option from the options below. 

· Option1: DCI format 0_0 with CRC scrambled by TC-RNTI.

For the Msg3 re-transmission, it is beneficial to allow gNB to schedule the repetition of PUSCH retransmission flexibly. Similar with TDRA indication in RAR UL grant, DCI format 0_0 with CRC scrambled by TC-RNTI can indicate TDRA for Msg3 PUSCH retransmission. The repetition number can be also be indicated together with TDRA. Then, uniform mechanism on repetition number indication can be defined for both Msg3 PUSCH initial transmission and Msg3 PUSCH retransmission.
Besides, indication through spare bits in DCI format 0_0 with CRC scrambled by TC-RNTI can be also considered, which is similar to option2 for indication of the number of repetitions for Msg3 initial transmission. A uniformed way of indication can be reached if option 2 of the first transmission is chosen.
· Option2: Can be determined based on the repetition number for Msg3 initial transmission

As discussed above, it is preferred to allow gNB to schedule the repetition of PUSCH repetition flexibly. If indication mechanism is specified for the indication of repetition number for Msg3 initial transmission, such as TDRA based method, it is easy to support dynamic indication of repetition number for Msg3 retransmission, since they share the same common configuration of repetition number in TDRA list.
Proposal 2: Option 1 is applied for the indication of number of repetitions for Msg3 re-transmission. 
2.2. Identification of CE UEs for Msg3 PUSCH repetition
For CE UEs, 4 options are considered for the scheduling of Msg3 PUSCH repetition, as agreed in last meeting for down-selection. There are mainly two issues about the 4 options, as follows.

· Issue 1:Whether differentiation between UEs not supporting Msg3 PUSCH repetition and Rel-17 CE UEs supporting Msg3 PUSCH repetition is identified
· Identified
· Via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions
· Use separate DMRS configuration or UCI multiplexing with Msg3 PUSCH
· Not identified
· gNB blindly decodes Msg3 PUSCH with two different assumptions, w/ and w/o repetition
· Issue 2:Msg3 PUSCH repetition is triggered by UE or gNB
· By UE
· Via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
· Use separate DMRS configuration or UCI multiplexing with Msg3 PUSCH, if triggered
· By gNB
· gNB schedules Msg3 PUSCH repetition and indicates the number of repetitions
For issue 1, if the UE supporting Msg3 PUSCH repetition is not identified by gNB, gNB has to blindly decode Msg3 assuming both legacy transmission scheme and new transmission scheme with repetition. Complexity will be high for gNB’s implementation.
Besides, if gNB does not identify a UE supporting Msg3 repetition, it is hard for gNB to decide whether to schedule Msg3 PUSCH repetition for the UE. gNB has to blindly schedule Msg3 PUSCH repetition for all the UE supporting Msg3 PUSCH repetition, which is not optimized. 

In our view, the UE supporting Msg3 PUSCH repetition should be identified by gNB during Msg1 transmission, e.g. via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions. Then, gNB can decide the scheduling of Msg3 PUSCH repetition for the identified UE. 
For issue 2, for the initial access of UE, the coverage can be evaluated by UE through measurement, e.g., based on measured SS-RSRP threshold. It is more difficult for gNB to have the knowledge of UE coverage, e.g., based on the detection of PRACH transmission, whose power is controlled to the received target power level. In our view, the Msg3 PUSCH repetition should be triggered by UE based on CE level, which is similar to CE mechanism of MTC. 
In summary, as discussed on above issues, option 2-1 is preferred for Msg3 PUSCH repetition.
Proposal 3: Option 2-1 is applied for Msg3 PUSCH repetition. 
2.3. 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 in Rel-15, UE transmits Msg3 using redundancy version number 0. For type A PUSCH repetitions for Msg3 in Rel-17, the redundancy version of Msg3 PUSCH repetitions should be specified in RAN1.
During last meeting, proposals on this issue were discussed. The following version of proposal are for further consideration in this meeting.
For the determination of RV for Msg3 PUSCH repetition, use one predefined RV sequence, e.g., [0 2 3 1], or one configured RV sequence for Msg3 PUSCH initial and re-transmission. 
· FFS determination of the RV sequence.  
· (Working assumption) FFS whether to Use a fixed or dynamically indicated RV id for the first repetition of Msg3 PUSCH initial transmission.
(Working assumption) FFS whether to Use a fixed or dynamically indicated RV id for the first repetition of Msg3 PUSCH re-transmission.
For PUSCH repetition Type A in Rel-16, the RV sequence can be determined by the indicated RV id in the DCI scheduling the PUSCH. It is flexible for gNB to determine RV sequence for the PUSCH repetition Type A transmission. For the RV sequence determination for the repetition of Msg3 PUSCH initial transmission, we propose the similar flexibility for RV sequence determination by gNB. A configurable RV sequence for Msg3 PUSCH initial transmission can be indicated in SIB1. 
For the RV sequence determination for the repetition of Msg3 PUSCH re-transmission, RV id for the first repetition can be indicated dynamically in DCI format 0_0 with CRC scrambled by TC-RNTI. It is similar to the RV sequence determination for PUSCH repetition Type A in Rel-16. 
We prefer that gNB has the flexibility of RV sequence determination for both Msg3 PUSCH initial transmission and re-transmission. 
Proposal 4: For the determination of RV for Msg3 PUSCH repetition, a RV sequence for Msg3 PUSCH initial transmission is configured by gNB. 
Proposal 5: For the determination of RV for Msg3 PUSCH repetition, RV id for the first repetition of Msg3 PUSCH re-transmission can be indicated dynamically in DCI format 0_0 with CRC scrambled by TC-RNTI.
2.4. Support of enhancements for PUSCH in RRC_CONNECTED state
In the revised WID [2], the objectives of PUSCH enhancements are figured out, as follows.

· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]

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

This section discusses whether the enhancements for PUSCH in RRC_CONNECTED state is applicable fpr Msg3 PUSCH repetitions.

The repetition mechanisms for Msg3 can share those for enhancements on PUSCH repetition type A as much as possible, to reduce standard efforts. The number of repetitions can be counted on the basis of available or consecutive UL slots for Msg3 repetition. This issue is under discussion in AI 8.8.1.1. It can be considered based on the progress made in AI 8.8.1.1. Before that, a baseline that the number of repetitions is counted on the basis of available UL slots for repetition of Msg3 can be considered. 
Proposal 6: The number of repetitions is counted at least on the basis of available UL slots for repetition of Msg3 initial and re-transmission.  
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. It will have no additional standard efforts on the support of TB processing over multi-slot PUSCH for Msg3, after progress has been made in AI 8.8.1.2. 
Proposal 7: Mechanism of TB processing over multi-slot PUSCH is supported for Msg3 transmission. 

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. Also, progress made in AI 8.8.1.3 can be considered and followed for the support of Msg3 repetition transmission. 
Proposal 8: Joint channel estimation over multiple Msg3 PUSCH transmission is supported for Msg3 repetition transmission. 
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. Also, progress made in AI 8.8.1.3 can be considered and followed for the support of Msg3 repetition transmission. 
For the frequency hopping, both inter and intra slot hopping can be supported. The Msg 3 may have to multiplex several UEs with and without the coverage enhancement. Since legacy UE can only support intra-slot hopping, enhanced UE should also support it for better resource utilization. And, it can be up to gNB indication that one of them are enabled. 
Proposal 9: Inter-slot and intra-slot frequency hopping are supported for Msg3 PUSCH repetition. gNB can enable one of them for Msg3 PUSCH repetition, including initial and re-transmission. 
2.5. Start of Contention Resolution timer and PDCCH monitoring for Msg3 repetition
In Rel-15, once Msg3 is transmitted, ra-ContentionResolutionTimer is started and restarted at each HARQ retransmission in the first symbol after the end of the Msg3 transmission. If Msg3 PUSCH repetition is introduced, the following options for the start of Contention Resolution timer and PDCCH monitoring for Msg3 repetition were discussed during last meeting.
· Option 1: (Re-)start ra-ContentionResolutionTimer and PDCCH monitoring in the first symbol after the end of the all repetitions of Msg3 (re-)transmission

· Option 2: (Re-)start ra-ContentionResolutionTimer and PDCCH monitoring before the end of Msg3 (re-)transmission.
· FFS details 
For option 1, the Contention Resolution timer starts after the end of the all repetitions of Msg3 (re-)transmission. If the repetition number is determined to reach required coverage, gNB will decode Msg3 successfully after combine all the Msg3 PUSCH repetition. UE can start PDCCH monitoring after the end of the all repetitions of Msg3 (re-)transmission. The duration of Contention Resolution timer can be the same as in Rel-15.

For option 2, the Contention Resolution timer starts before the end of Msg3 (re-)transmission. If Msg3 is not decoded successfully by gNB before the end of Msg3 (re-)transmission, it will bring additional power consuming for UE PDCCH monitoring. During the Msg3 repetition, there may be less DL symbols for PDCCH monitoring. Additionally, if the Contention Resolution timer starts before the end of Msg3 (re-)transmission, the duration of Contention Resolution timer should be enlarged compared to Rel-15, considering the case that gNB can not receive Msg3 successfully and transmit Msg4 before the end of Msg3 (re-)transmission.

Consider the spec impacts and UE power consumption, option 1 for the start of Contention Resolution timer and PDCCH monitoring for Msg3 repetition is proposed. 
Proposal 10: ra-ContentionResolutionTimer and PDCCH monitoring start in the first symbol after the end of the all repetitions of Msg3 (re-)transmission. 
3. Conclusions
In this contribution, type A PUSCH repetitions for Msg3 is discussed. The following are proposed.

Proposal 1: Option 1 or 2 can be applied for the indication of number of repetitions for Msg3 initial transmission.
Proposal 2: Option 1 is applied for the indication of number of repetitions for Msg3 re-transmission. 
Proposal 3: Option 2-1 is applied for Msg3 PUSCH repetition. 
Proposal 4: For the determination of RV for Msg3 PUSCH repetition, a RV sequence for Msg3 PUSCH initial transmission is configured by gNB. 
Proposal 5: For the determination of RV for Msg3 PUSCH repetition, RV id for the first repetition of Msg3 PUSCH re-transmission can be indicated dynamically in DCI format 0_0 with CRC scrambled by TC-RNTI.

Proposal 6: The number of repetitions is counted at least on the basis of available UL slots for repetition of Msg3 initial and re-transmission.  
Proposal 7: Mechanism of TB processing over multi-slot PUSCH is supported for Msg3 transmission. 

Proposal 8: Joint channel estimation over multiple Msg3 PUSCH transmission is supported for Msg3 repetition transmission. 
Proposal 9: Inter-slot and intra-slot frequency hopping are supported for Msg3 PUSCH repetition. gNB can enable one of them for Msg3 PUSCH repetition, including initial and re-transmission. 
Proposal 10: ra-ContentionResolutionTimer and PDCCH monitoring start in the first symbol after the end of the all repetitions of Msg3 (re-)transmission. 
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