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1. Introduction

In RAN1#105-e, Type A PUSCH repetitions for Msg3 was discussed, and the following agreements were made [1].
Agreement:
A UE requests Msg3 PUSCH repetition at least when the RSRP of the downlink pathloss reference is lower than an RSRP threshold.

· FFS the determination of the RSRP threshold.

Agreement:
For repetition indication of Msg3 re-transmission, select one options from the following two options.

· Option 1: Use the same mechanism as supported for Msg3 initial transmission.

· Option2: Use HARQ process number bit field in DCI format 0_0 with CRC scrambled by TC-RNTI.  
Agreement:
· Available slot for Msg3 PUSCH repetition does not depend on dynamic SFI in DCI format 2-0.

Agreement:
· Available slot for Msg3 PUSCH repetition does not depend on UL CI.

Agreement:
Use a fixed RV sequence [0 2 3 1] for repetition of Msg3 initial and re-transmission.

· The RV cycling for Msg3 initial transmission follows the rule specified in the first row in Table 6.1.2.1-2 in TS38.214. 

· The RV cycling for Msg3 re-transmission follows the rules specified in Table 6.1.2.1-2 in TS38.214.
· FFS: The RV cycling for Msg3 is based on transmission occasions on available slot.

Agreement:

· For requesting Msg3 PUSCH repetition, support the following:

·  Use separate preamble with shared RO configured by the same PRACH configuration index with legacy UEs.

· FFS whether to introduce a PRACH mask to indicate a sub-set of ROs associated with a same SSB index within an SSB-RO mapping cycle for requesting Msg3 repetition for a UE. 

· FFS definition of shared RO (e.g., whether the shared RO can be an RO with preamble(s) for 4-step RACH only or with preambles for both 4-step RACH and 2-step RACH).

· FFS whether or not to additionally support one (& only one) more option:
· E.g., option 2: Use separate RO configured by a separate PRACH configuration index from legacy UEs
· E.g., Option 3: Use separate RO, which include

· the separate RO configured by a separate RACH configuration index from legacy UE, and

· the remaining RO (if any) configured, by the same PRACH configuration index with legacy UEs, that cannot be used by legacy rules for PRACH transmission.
Agreement:
· Available slots for Msg3 PUSCH repetition do not depend on tdd-UL-DL-ConfigurationDedicated.

Agreement:
· Available slot for Msg3 PUSCH repetition depends on TDD-UL-DL-Configcommon. 

· A slot is determined as available for Msg3 repetition only if the consecutive symbols allocated for Msg3 repetition in the slot are all available symbols. 

· UL symbols indicated by TDD-UL-DL-Configcommon are determined as available for Msg3 repetition.

· FFS whether and how to use flexible symbols indicated by TDD-UL-DL-Configcommon.

Working assumption:

· Using an information field from the existing information fields in RAR UL grant for indication of the number of repetition of Msg3 initial transmission 

· Down-select only one from the following information fields in RAR UL grant for indication of the number of repetition of Msg3 initial transmission. 
· TDRA information field with introducing a new TDRA table including the repetition factors.

· MCS information field
· TPC information field
· CSI request information field
· FDRA information field
· The total size of RAR UL grant does not change.

· Position of all fields in the bit sequence of the RAR UL grant does not change, regardless of whether they are repurposed or not.

· FFS details, e.g., TDRA table selection, or whether/how to indicate which interpretation UE should use for the repurposed information field (legacy vs repurposed interpretation) etc. 

In this contribution, the remaining issues on Msg3 PUSCH repetition are discussed.
2. Discussion
2.1. Indication of the number of repetitions for Msg3
During RAN1#105-e meeting, working assumptions on the indication of the number of repetition of Msg3 initial transmission were agreed. One information field from the existing information fields in RAR UL grant is to be down-selected in this meeting. 
For the Msg3 initial transmission, TDRA information field in the RAR UL grant can be reused to carry the number of repetitions for Msg3. For URLLC PUSCH transmission in Rel-16, the repetition number is configured in the PUSCH-TimeDomainResourceAllocationList. For Msg3 repetition, the repetition number can also be configured 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. Other option is to introduce a new default TDRA A table for the UEs requesting Msg3 repetition. The new default TDRA A table includes the repetition factors in the entries. This scheme reuses the existing mechanism as much as possible. 
For other information fields like MCS, TPC and CSI request, RAN1 need carefully check whether it has impacts on their legacy functionality if the whole field or part of it is reused for the indication of repetition factors for Msg3. For example, if CSI request field with 1 bit is reused, it should be considered how to indicate more than 2 repetition factors. If MCS or TPC field is reused, it should be studied how many bits is reused, and the consequent restriction on the legacy MCS/TPC indication. 
In our view, it is preferred to minimize the specification impacts. TDRA based indication reuses similar mechanism as already specified for URLLC. It seems to have least standard efforts.
Proposal 1: TDRA information field is selected for indication of the number of repetitions of Msg3 initial transmission.

Proposal 2: A new TDRA table including the repetition factors is introduced for the UEs requesting Msg3 repetition.
For the Msg3 re-transmission, DCI format 0_0 with CRC scrambled by TC-RNTI was agreed to indicate the number of repetitions. Similarly, the repetition number can be also be indicated together with TDRA. Then the introduced new TDRA table including the repetition factors can be used for both initial transmission and re-transmission of Msg3 repetition. Uniform mechanism on repetition number indication can be defined for both Msg3 PUSCH initial transmission and Msg3 PUSCH re-transmission, which requires less standard efforts. For repetition indication of Msg3 re-transmission, it is proposed to select the following option 1 of the two options agreed in last meeting. 
· Option 1: Use the same mechanism as supported for Msg3 initial transmission.

Proposal 3: The same mechanism as supported for Msg3 initial transmission is selected.

Proposal 4: TDRA field in DCI format 0_0 with CRC scrambled by TC-RNTI is used to indicate the number of repetitions for Msg3 re-transmission. 
2.2. 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.

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 5: 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 6: Joint channel estimation over multiple Msg3 PUSCH transmission is supported for Msg3 repetition transmission. 
For the frequency hopping, both inter and intra slot hopping are considered. The first motivation to include intra-slot hoping is the multiplexing between different UEs. Another motivation is the performances in different scenarios. Some evaluation is done for comparison and the results can be seen in the Annex. It is observed that the Inter-slot hopping does not have performance advantage in 3km/h case. In higher speed cases, it can have up to around 0.5dB loss over Inter-slot hopping.
Thus, it is reasonable to have the intra-slot hopping configurable depending on the using scenarios. It can be up to gNB configuration that one of them are selected UE-specifically. 
Proposal 7: 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. 
2.3. Determination of available slots for Msg3 repetition
For the repetition of Msg3 transmission, the idle/inactive mode UE can determine the available slots based on TDD-UL-DL-Configcommon. It was agreed that available slots for Msg3 PUSCH repetition do not depend on tdd-UL-DL-ConfigurationDedicated, but depends on TDD-UL-DL-Configcommon. Dynamic SFI in DCI format 2-0 and UL CI are not used to determine available slots for Msg3 repetitions. 

However, the latency of Msg3 repetition transmission may be enlarged if only UL symbols indicated by TDD-UL-DL-Configcommon are determined as available for Msg3 repetition. Regarding flexible symbols indicated by TDD-UL-DL-Configcommon, they may be used as UL symbols by gNB through e.g. dynamic SFI in DCI format 2-0, which is not the known to the UEs performing Msg3 repetition. These UL symbols can not be used efficiently to reduce the latency of Msg3 repetition transmission.
gNB can always determine or have the knowledge of the direction of flexible symbols indicated by TDD-UL-DL-Configcommon. gNB can provide explicit indication, such as using RAR UL grant or DCI format 0_0 scrambled with TC-RNTI, to indicate whether the upcoming flexible slots are available slots. 
If additional indication besides TDD-UL-DL-Configcommon can be used for the determination of available slots, the latency and efficiency of Msg3 repetition transmission can be improved. 
Proposal 8: Additional indication is introduced to indicate whether flexible slots indicated via TDD-UL-DL-Configcommon are available for Msg3 repetition. 
Proposal 9: Indication in RAR UL grant and DCI format 0_0 scrambled with TC-RNTI are introduced to indicate whether the upcoming flexible slots are available slots for Msg3 repetition initial transmission and re-transmission, respectively. 
2.4. Early termination of 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 requested, the following options for the start of Contention Resolution timer and PDCCH monitoring for Msg3 repetition were discussed during RAN1#105-e meeting [2].
· Interpretation 1: Each HARQ retransmission is one repetition and the timer could be re-started in the first symbol after the end of HARQ retransmission i.e., each repetition. Then, it seems MAC specification would support early termination of Msg3 repetition if no further specification change would be made. 

· Interpretation 2: The Msg3 transmission in RAN2 specification includes all repetitions, i.e., the timer should start or restart in the first symbol after the end of all Msg3 repetitions. 
For option 1, the Contention Resolution timer starts and restarts in the first symbol after the end of each Msg3 repetition. If Msg3 is not decoded successfully by gNB before the end of all Msg3 repetitions, the earlier running Contention Resolution timer before the end of all Msg3 repetitions will bring additional power consuming for UE PDCCH monitoring. Additionally, if the Contention Resolution timer starts before the end of all Msg3 repetition, the duration of Contention Resolution timer is actually enlarged compared to Rel-15, considering the case that gNB can not receive Msg3 successfully and transmit Msg4 before the end of all Msg3 repetition. If Msg3 is decoded successfully by gNB before the end of all Msg3 repetitions, gNB can early terminate the Msg3 repetition by Msg4 transmission. Actually, gNB should be able to indicate a reasonable repetition number for coverage enhancement of Msg3. The early successful decoding of Msg3 will not happen frequently, in which case gNB should indicate a smaller repetition number. On the other hand, during the Msg3 repetition, there may be less available DL symbols for PDCCH monitoring between Msg3 repetitions. In our view, option 1 may not work well in some cases, or more power consuming for UE PDCCH monitoring can be foreseen.
For option 2, the Contention Resolution timer starts after the end of the all repetitions of Msg3 (re-)transmission. If the repetition number is determined and indicated by gNB to reach required coverage, gNB is likely to 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. 
Consider the spec impacts and UE power consumption, option 2 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: TDRA information field is selected for indication of the number of repetitions of Msg3 initial transmission.

Proposal 2: A new TDRA table including the repetition factors is introduced for the UEs requesting Msg3 repetition.

Proposal 3: The same mechanism as supported for Msg3 initial transmission is selected.

Proposal 4: TDRA field in DCI format 0_0 with CRC scrambled by TC-RNTI is used to indicate the number of repetitions for Msg3 re-transmission. 
Proposal 5: Mechanism of TB processing over multi-slot PUSCH is supported for Msg3 transmission. 

Proposal 6: Joint channel estimation over multiple Msg3 PUSCH transmission is supported for Msg3 repetition transmission. 
Proposal 7: 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 8: Additional indication is introduced to indicate whether flexible slots indicated via TDD-UL-DL-Configcommon are available for Msg3 repetition. 
Proposal 9: Indication in RAR UL grant and DCI format 0_0 scrambled with TC-RNTI are introduced to indicate whether the upcoming flexible slots are available slots for Msg3 repetition initial transmission and re-transmission, respectively. 
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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5. Annex
Table A.1 Simulation Assumption for hopping
	Parameters
	Values

	Duplexing scheme and frequency
	4GHz

	Frame structure
	FDD

	Waveform
	DFT-s-OFDM

	Subcarrier spacing
	30kHz

	BLER
	10% 

	Pathloss model 
	NLoS

	Channel model 
	TDL-C 

	Delay Spread
	300ns

	UE velocity
	3km/h
120km/h

	PRBs
	2PRBs

	TBS
	56bits

	Modulation
	QPSK

	PUSCH duration
	14OS

	# BS Rx chains
	2

	# UE Tx chains
	1

	DMRS configuration
	Type I, 2/3 DMRS symbol, no multiplexing with data.

	Frequency hopping
	Intra-hopping vs inter-hopping

	Number of repetitions
	2/4/8

	HARQ configuration
	w/o HARQ
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Figure A.1 Intra-slot hopping & inter-slot hopping. 3km/h, 2DMRS per slot.
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Figure A.2 Intra-slot hopping & inter-slot hopping. 120km/h, 2DMRS per slot.
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Figure A.1 Intra-slot hopping & inter-slot hopping. 120km/h, 3DMRS per slot.

