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In the RAN1#104 e-meeting [1], the agreements including signaling indication, frequency hopping, and the identification of the enhanced UE are summarized in the table below.  
	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, the candidate options for signaling indication of the number of repetitions and the identification of the enhanced UE, and the inter-slot frequency hopping are discussed.  
Potential solutions for Type A PUSCH repetition for Msg3
2.1 Signaling indication of initial transmission for Msg3 PUSCH repetition 
Based on the agreements in [1], to indicate the number of repetitions for Msg3 initial transmissions, the down-selection for the following candidate options is needed. 
-	Option 1: UL grant scheduling Msg3.
- 	Option 2: DCI format 1_0 with CRC scrambled by RA-RNTI.
-	Option 3: SIB1 only.
For Option 1, it is a natural indication method of Msg3 PUSCH repetition since the other scheduling information is already carried by this signaling. If Option 1 is used, the modifications of RAR UL grant shall not impact the legacy UE interpretation of the RAR per the agreements [1]. The redundant bits and padding bits in MAC RAR PDU or existing bit fields in RAR UL grant can be used to indicate the repetition number without changing the size of RAR UL grant. 
For Option 2, the scheduling information for Msg3 PUSCH will be determined jointly by DCI format 1_0 and the RAR UL grant. However, the DCI format 1_0 with CRC scrambled by RA-RNTI is common to all UEs in a cell and the PDSCH carrying Msg2 scheduled by it may include the RARs for multiple UEs. In this case, the time/frequency resources with the indicated repetition number have to be allocated for all these UEs even if the required repetition number of each UE is different. As a result, the scheduling resources are wasted. In addition, if the scheduled repetition number is larger than the required number, it is bad for UE power saving.   
For Option 3, it is a cell-specific signaling to indicate the repetition number of Msg3 PUSCH. If only SIB1 is considered, the UEs who have a repetition requirement shall use the same repetition number even if the required repetition number of each UE is different. Similar to Option 2, the resource utilization is impacted. To overcome this drawback, the joint signaling indication for SIB1 and RAR UL grant can be considered to reduce the indication overhead for RAR UL grant. For example, the maximal repetition number, the set of repetition number can be indicated by SIB1 and the exact repetition number can be indicated by RAR UL grant. 
Proposal 1: The repetition number is indicated by the RAR UL grant scheduling Msg3 PUSCH (i.e. Option 1).
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]If one UE is coverage limited, the probability to select the lower MCS would be high. In RAR UL grant, 4 bits are used to indicate MCS index in Table 1, which is redundant for coverage limited users. If Option 1 is supported, partial bits of MCS bit field can be used to indicate the repetition number. Similarly, partial bits of TPC command can be also used to indicate the repetition number since only the positive power values are needed for coverage limited UE. 
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. 
2.2 Signaling indication of retransmission for Msg3 PUSCH repetition 
Based on the agreements in [1], to indicate the number of repetitions for Msg3 re-transmissions, the down-selection for the following candidate options is needed. 
-	Option 1: DCI format 0_0 with CRC scrambled by TC-RNTI.
- 	Option 2: Can be determined based on the repetition number for Msg3 initial transmission.
For the repetition number indication of retransmission, Option 1 is more flexible than Option 2 since the repetition number for the initial transmission and retransmission are determined separately.. For Option 2, the repetition resources would be wasted when the required repetition number in retransmission is less than the indicated repetition number. 
If Option 1 is used to indicate the variable repetition number, the modifications of DCI format 0_0 with CRC scrambled by TC-RNTI shall not impact the legacy UE interpretation of the DCI format 0_0 [1]. Similar to the initial transmission, the partial bits of the existing bit fields can be reused to indicate the repetition number in retransmission. In addition, the reserved bits, if existing, in DCI format 0_0 with CRC scrambled by TC-RNTI can also be used to indicate the repetition number.  
Proposal 4: The repetition number for Msg3 PUSCH retransmission is indicated by DCI format 0_0 with CRC scrambled by TC-RNTI (i.e. Option 1).
2.3 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 [1], 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. If the inter-slot frequency hopping pattern and frequency offset are the same as intra-slot frequency, 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 reused for Msg3 PUSCH, including inter-slot frequency hopping with inter-slot bundling, the frequency offset number, etc. 
Proposal 5: 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.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK7][bookmark: OLE_LINK8]For the inter-slot frequency hopping with inter-slot bundling, it is useful to obtain the frequency diversity gain and joint channel estimation gain. Based on the discussion in joint channel estimation, the phase continuity should be ensured and the UE’s capability related to joint channel estimation needs to be reported to gNB. In the initial access procedure, there is no opportunity for the UE to report these abilities in the current specifications. If joint channel estimation is applied to Msg3 during initial access procedure, how to report capabilities needs to be discussed. 
Proposal 6: The UE’s capability reporting is needed to support joint channel estimation for inter-slot frequency hopping with inter-slot bundling.
2.1 Differentiation between enhanced UE and legacy UE
In RAN1#104e, four candidate options including Option 1-1, Option 1-2, Option 2-1, and Option 2-2 were discussed to differentiate enhanced UE supporting Msg3 repetition and legacy UE. For Options 1-2 and 2-2, the gNB blind detection is needed for separate DMRS configurations or UCI multiplexing with Msg3 PUSCH, but the PRACH resources (e.g. PRACH occasion or preamble) are conserved. For example, the legacy UE and enhanced UE can be identified by different DMRS ports, where legacy UE uses default DMRS port 0 and the enhanced UE with Msg3 PUSCH repetition uses other DMRS ports. For Options 1-1 and 2-1, the separate PRACH configurations are used to identify the legacy UE and the enhanced UE, but the blind detection for DMRS ports is not necessary. From the complexity perspective, Options 1-2 and 2-2 are higher than that of Options 1-1 and 2-1. From the flexibility perspective for PRACH configurations, Options 1-2 and 2-2 are better than Options 1-1 and 2-1. In a practical deployment scenario, the probability is quite low that most of UEs are coverage limited. Since the number of UEs requiring Msg3 repetition is small, the separate PRACH configurations for coverage limited UEs have no obvious impact of PRACH resources usage.
Observation 1: Since the UEs requiring Msg3 repetition for coverage is a small portion of UEs in a cell, the resource occupation by separate PRACH configurations proposed in Option 1-1 and Option 2-1 can be very small.
For Option 1-1, the UE capability of supporting Msg3 PUSCH repetition is indicated only by separate PRACH configurations. As a result, all Rel-17 UEs capable of Msg3 PUSCH repetition including those cell-center UEs without coverage issue have to compete for the limited PRACH resources provided by separate PRACH configuration, which increases the collision probability of PRACH or the uplink overhead caused by more PRACH resource allocation. Therefore, 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 dedicated to the request for Msg3 PUSCH repetition during initial access.
Observation 2: Cell-center UEs should report its support of Msg3 PUSCH repetition after initial access procedure as usual. Otherwise, the collision probability of PRACH procedure is increased for a given size of PRACH resource set.
Proposal 7: To reduce collision probability of PRACH procedure, the UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual and a UE can occupy the PRACH resource dedicated to the request for Msg3 PUSCH repetition only when the UE is in a coverage-limited situation that Msg3 repetition is deemed necessary.
Between Options 1-1 and 2-1, the main difference is that whether the Msg3 PUSCH repetition is triggered by UE. For Option 2-1, a UE can trigger Msg3 PUSCH repetition via separate PRACH configurations. It implicitly means the repetition number requested by the UE is at least 2 and the actual repetition number is decided by gNB. It is a disadvantage compared to Option 1-1 because it prevents a gNB from taking existing Msg3 retransmission mechanism to resolve the Msg3 coverage shortage issue. Therefore, to combine the merits of both Option 1-1 and Option 2-1, we propose a revised Option 1-1 as below, 
Proposal 8: Support Option 1-1 with the following highlighted modifications to identify legacy UE and enhanced UE.
· Option 1-1: For gNB scheduled Msg3 PUSCH repetition without UE request,
· A UE requests Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
· For a UE requesting Msg3 PUSCH repetition, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· The UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual
· FFS details if any.

Conclusions 
Based on the above discussions, the following proposals and observations are concluded,
Observation 1: Since the UEs requiring Msg3 repetition for coverage is a small portion of UEs in a cell, the resource occupation by separate PRACH configurations proposed in Option 1-1 and Option 2-1 can be very small.
Observation 2: Cell-center UEs should report its support of Msg3 PUSCH repetition after initial access procedure as usual. Otherwise, the collision probability of PRACH procedure is increased for a given size of PRACH resource set.
Proposal 1: The repetition number is indicated by the RAR UL grant scheduling Msg3 PUSCH (i.e. Option 1).
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 number for Msg3 PUSCH retransmission is indicated by DCI format 0_0 with CRC scrambled by TC-RNTI (i.e. Option 1).
Proposal 5: 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: The UE’s capability reporting is needed to support joint channel estimation for inter-slot frequency hopping with inter-slot bundling.
Proposal 7: To reduce collision probability of PRACH procedure, the UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual and a UE can occupy the PRACH resource dedicated to the request for Msg3 PUSCH repetition only when the UE is in a coverage-limited situation that Msg3 repetition is deemed necessary.
Proposal 8: Support Option 1-1 with the following highlighted modifications to identify legacy UE and enhanced UE.
· Option 1-1: For gNB scheduled Msg3 PUSCH repetition without UE request,
· A UE requests Msg3 PUSCH repetition via separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
· For a UE requesting Msg3 PUSCH repetition, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions.
· The UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual
· FFS details if any.
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