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In the RAN1#104b e-meeting [1], the following agreements for Msg3 PUSCH repetition are achieved in the table below.  
	Agreements:
For Msg3 PUSCH repetition, support the following modified Option 2-1. 
· Option 2-1: For UE requested Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can request 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 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 requested triggered 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.
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. 



In this contribution, the signaling indication of repetition number, the identification of the enhanced UE, the inter-slot frequency hopping, and early termination for repetition are discussed.  
Potential solutions for Type A PUSCH repetition for Msg3
2.1 Differentiation between enhanced UE and legacy UE
In RAN1#104b e-meeting, Option 2-1 is agreed to differentiate enhanced UE supporting Msg3 repetition and legacy UE. The following issues are needed to further discuss.
· 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 trigger is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· FFS the UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual.
· FFS details if any.
For the PRACH configurations, separate PRACH occasion and separate PRACH preamble should be supported to differentiate enhanced UE and legacy UE. For the case of one SSB associated multiple PRACH occasions, the separate PRACH occasion can be configured to the differentiation. For the case one SSB associated one PRACH occasion, the separate PRACH preamble can be configured to the differentiation.
In LTE and NR, The measured SS-RSRP threshold is already used to select the PRACH resources. This method can be reused to trigger the Msg3 PUSCH repetition. 
For the Rel-17 UEs requesting repetition, the UE capability of supporting Msg3 PUSCH repetition is indicated by separate PRACH configurations. For the other Rel-17 UEs, the UE capability of supporting Msg3 PUSCH repetition is not known by gNB. It should allow a UE to report its support of Msg3 PUSCH repetition after initial access procedure as usual, which is useful in case that the UE would become a cell-edge UE later due to mobility, and allow UEs in a situation that Msg3 repetition is deemed necessary to occupy the PRACH resource. If gNB knows the potential UEs supporting Msg3 PUSCH repetition in advance, gNB can calculate the percentage of these UEs and then optimize the separate PRACH resource configuration which is useful to reduce the collision probability. 
Proposal 1: To reduce collision probability of PRACH procedure, the UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure according to existing mechanism for UE capability report.
2.2 Signaling indication of initial transmission for Msg3 PUSCH repetition 
In RAN1#104b e-meeting, Option 1 (i.e., using UL grant scheduling Msg3) is adopted for repetition indication and additionally using MAC RAR is also can be considered. The MAC RAR includes the following bit fields illustrated in Figure 1. Except UL grant bit field in MAC RAR, it seems the reserved 1 bit and the TA bit field can be possibly used to indicate the repetition number. The reserved 1 bit can be used to indicate one of 2 repetition numbers, which is not flexible to match the different repetition requirements. For cell-edge users, the TA value is usually too large to compress the TA bit length. On the contrary, one or multiple bit fields in RAR UL grant can be reused to indicate the repetition number, which can provide enough bit number to indicate a larger set of repetition number.  


Figure 1 MAC RAR
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The bit fields in RAR UL grant are illustrated in Table 1.  For example, the existing bit fields (e.g. MCS, TPC) can be reused to indicate the repetition number. For the coverage limited UEs, they may prefer to gNB scheduling the lower MCS and indicating positive TPC values. In RAR UL grant, 4 bits are used to indicate MCS index in Table 1, which has a little redundancy for coverage limited users. One or two bits of MCS bit field can be used to indicate the repetition number and the other bits indicate the MCS. For example, 2 bits can be used to indicate MCS indices 0~3 or 3 bits used to indicate indices 0~7.  Similarly, partial bits of TPC command can be also used to indicate the repetition number since the positive power values are useful to improve the transmit power for coverage limited UEs. The number of reused bits should depends on the set of repetition number. If the size of the set is large, the reused bits can be extracted from two or more bit fields if one bit filed is not enough. 
Table 1: Random Access Response Grant Content field size 
	
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	14, for operation without shared spectrum channel access 
12, for operation with shared spectrum channel access

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1

	ChannelAccess-CPext
	0, for operation without shared spectrum channel access
2, for operation with shared spectrum channel access



Proposal 2: The existing bit fields (e.g. MCS and TPC bit fields) in RAR UL grant can be used to indicate the repetition number.
Based on the evaluation results in [2] and [3], about 2 dB gain can be obtained by doubling repetition times at 10% BLER. About 6 dB gain can be obtained by 8 repetitions, which can meet the coverage requirements in FR1 scenarios. However, the required repetition numbers are different between FR1 and FR2 scenarios. For FR2, a larger repetition number is needed. Considering the forward compatibility, there may be other limited scenarios with a larger gap to meet the coverage requirements. Besides, the maximal repetition number up to 16 is supported for PUSCH in Rel-16. Hence the maximal repetition number up to 16 for Msg3 PUSCH can be considered. 
Proposal 3: The maximal repetition number up to 16 can be considered for Msg3 PUSCH repetition. 
2.3 Signaling indication of retransmission for Msg3 PUSCH repetition 
In RAN1#104b e-meeting, Option 1 (i.e., using DCI format 0_0 with CRC scrambled by TC-RNTI) is adopted. The further issue is which bit field can be used to indicate in DCI format 0_0. The intuitive method is following the same method used in initial transmission, which is useful to keep the consistency between the initial transmission and retransmission. In addition, it has the minor specification impact.  
Similar to the initial transmission, the partial bits of the existing bit fields (e.g. MCS and TPC bit fields) can be reused to indicate the repetition number in retransmission.  
Proposal 4: The repetition indication for Msg3 PUSCH retransmission can use the same method as the initial transmission.
2.4 Frequency hopping for Msg3 PUSCH repetition
In NR Rel-16, only intra-slot frequency hopping is supported and the frequency offset for frequency hopping is scheduled by RAR UL grant or Msg3 PUSCH re-transmission. The frequency offset for the second hop in NR Rel-16 are illustrated in Table 2. The intra-slot hopping flag is indicated by “Frequency hopping flag” bit field and the frequency offset is indicated by “PUSCH frequency resource allocation” bit field in RAR UL grant.  
Table 2 Frequency offset for second hop of PUSCH transmission with frequency hopping scheduled by RAR UL grant or of Msg3 PUSCH retransmission
	Number of PRBs in initial UL BWP
	Value of [image: ] Hopping Bits
	Frequency offset for 2nd hop
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Based on the agreements in RAN1#104 e-meeting, the inter-slot frequency hopping is supported and the signaling indication is for further study. Before discussing the signaling design, the inter-slot frequency hopping pattern and frequency offset number need to be determined since they impact the signaling indication overhead as well as the indication method. If the inter-slot frequency hopping pattern and frequency offset are the same as intra-slot frequency, only an extra inter-slot frequency hopping flag is needed. Otherwise, more bits are needed to indicate the inter-slot frequency hopping pattern and frequency offset, which has impact on the signaling design.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Basically, the inter-slot frequency schemes discussed for PUSCH enhancements can be partially or fully reused for Msg3 PUSCH, including inter-slot frequency hopping with inter-slot bundling, the frequency offset number, etc. 
Proposal 5: Rel-17 Inter-slot frequency hopping enhancements for PUSCH can be reused for Msg3 PUSCH repetition, such as inter-slot frequency hopping with inter-slot bundling and the frequency offset number.
2.5 Early termination for Msg3 PUSCH repetition
In RAN1#104b e-meeting, the early termination for Msg3 PUSCH repetition was discussed to further optimize the resource utilization of the Msg3 PUSCH repetition. If the early termination mechanism is introduced, not only the power and the resources for the transmission of the remaining Msg3 PUSCH repetitions after successfully decoding Msg3 could be saved, but also the latency from the first repetition to the last repetition could be reduced, especially considering the Msg3 PUSCH repetition number scheduled by the gNB may not match the actual requirement of the UE. 
For the early termination mechanism, the potential issue is the extra power consumption for PDCCH monitoring during the Msg3 PUSCH transmission. If the UE starts ra-ContentionResolutionTimer and PDCCH monitoring at the first symbol after the first repetition transmission of Msg3 PUSCH, it may result in unnecessary power consumption due to the frequent PDCCH monitoring and gNB processing delay. On one hand, the probability for successful Msg3 reception is low when the received number of Msg3 transmission is much smaller than the scheduled repetition number.  For example, if the repetition number is 8, there is a little chance to successfully decode Msg3 by gNB in the first 2 repetitions and the UE can start ra-ContentionResolutionTimer and PDCCH monitoring after the 2nd repetition. On the other hand,   the gNB processing delay between decoding Msg3 and sending DCI related to Msg4 in L2 and L3 cannot be ignored. During the gNB processing delay after the first repetition transmission, even though the UE starts ra-ContentionResolutionTimer and PDCCH monitoring at the first symbol after the first transmission,  the UE will not receive the DCI related to the Msg4 resulting in extra power consumption for PDCCH monitoring. Therefore, for the early termination mechanism, the startup time of the ra-ContentionResolutionTimer and PDCCH monitoring should be designed by considering the Msg3 PUSCH repetition number and the gNB processing delay. The startup time should be configured by the gNB depending on the gNB’s processing capability.
Proposal 6: If early termination for Msg3 PUSCH repetition is supported, then the time for a UE to start/restart ra-ContentionResolutionTimer and start PDCCH monitoring should be configurable by gNB.
Conclusions 
Based on the above discussions, the following proposals are concluded,
Proposal 1: To reduce collision probability of PRACH procedure, the UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure according to existing mechanism for UE capability report.
Proposal 2: The existing bit fields (e.g. MCS and TPC bit fields) in RAR UL grant can be used to indicate the repetition number.
Proposal 3: The maximal repetition number up to 16 can be considered for Msg3 PUSCH repetition. 
Proposal 4: The repetition indication for Msg3 PUSCH retransmission can use the same method as the initial transmission.
Proposal 5: Rel-17 Inter-slot frequency hopping enhancements for PUSCH can be reused for Msg3 PUSCH repetition, such as inter-slot frequency hopping with inter-slot bundling and the frequency offset number.
Proposal 6: If early termination for Msg3 PUSCH repetition is supported, then the time for a UE to start/restart ra-ContentionResolutionTimer and start PDCCH monitoring should be configurable by gNB.
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