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In the RAN#90 e-meeting [1], a new WID on NR coverage enhancement was approved for Release 17. One objective of WID is to specify enhancements for Msg3 PUSCH for both FR1 and FR2 as well as TDD and FDD.  
	Objective of WID
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]


Based on the study in [2]，the following specification impacts to support Type A PUSCH repetition for Msg3 should be considered. 
   -	Explicit or implicit indication of the number of repetitions for Msg3 initial transmission
   -	Explicit or implicit indication of the number of repetitions for Msg3 re-transmission
- Potential specification impacts of introducing PUSCH repetition Type A
- Potential specification impacts of inter-slot frequency hopping including inter-slot frequency hopping configuration and frequency hopping pattern. 
- Potential specification impacts of differentiation between enhanced UE and legacy UE
In this contribution, the potential solutions focusing on the above specification impacts are discussed.
Potential solutions for Type A PUSCH repetition for Msg3
2.1 Differentiation between enhanced UE and legacy UE
In NR Rel-15 and Rel-16, the PUSCH repetition is only used for RRC connected UEs. When the UE is in idle mode, to enable Msg3 PUSCH repetition, one of the potential issues is that how the gNB can identify whether a UE in the initial access procedure is legacy UE or enhanced UE in Rel-17 supporting Msg3 repetition.  If separate PRACH resources are introduced for enhanced UE, then gNB can recognize the UE type by detecting the corresponding PRACH resources, e.g. PRACH occasions or preambles. Otherwise, if the repetition number is indicated, gNB would receive Msg3 of legacy UE in the resources associated to the first transmission and receive Msg3 of enhanced UE in the resources associated to the repetition indication. As a result, gNB has to blindly detect Msg3 in the corresponding possible resources, which leads to high detection complexity. For the case of blind detection, gNB can estimate the repetition number by the received signal power level of PRACH. If repetition is required, gNB will schedule the time/frequency resources according to the estimated repetition number. However, some time/frequency resources are wasted for legacy UEs if there are no enhanced UEs. This is because gNB does not know whether there are enhanced UEs present or not, when the time/frequency resources are scheduled for Msg3 repetition.
Proposal 1: Support separate PRACH resources (e.g. separate PRACH occasions or preambles) to identify legacy UE and enhanced UE.
2.2 Signaling indication for Msg3 PUSCH repetition 
The signaling indication for Msg3 PUSCH initial transmission, re-transmission, and the maximal repetition number were discussed in the following.  
Repetition number indication for initial transmission
Explicit or implicit indication was studied in [2], including the following aspects:
-	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.
For explicit signaling indication, the repetition information indication carried by RAR UL grant should be studied with high priority since Msg3 PUSCH is directly scheduled by this signaling. If the repetition number indication is carried by a new bit field in the RAR UL grant, it would increase the MAC payload for RAR. In NR Rel-15 and Rel-16, the size of RAR is fixed to 7 bytes and the size of RAR UL grant is 27 bits. As shown in Table 1, 27 bits are fully used and there are no padding or reserved bits in the UL grant. Therefore, there are no extra bits can be used to indicate the repetition number in RAR UL grant. If a new size of RAR for enhanced UE and the existing type of RAR for legacy UE are transmitted in the same MAC PDU associated to one PRACH occasions, both legacy UE and enhance UE may not decode RAR successfully due to the mismatched RAR size. If the RAR for legacy UE and enhanced UE is transmitted in different PDSCHs, multiple DCI needs to be scheduled to transmit these PDSCHs for one PRACH occasion. That would increase the DCI overhead and the decoding complexity. Furthermore, the RAN2 impacts for defining a new type of RAR need to be analyzed. Alternatively, the repetition indication without changing the RAR payload size can be considered. For example, the redundant bits and padding bits in MAC PDU or existing bit fields in RAR UL grant can be used to indicate the repetition number. 
Table 1: Random Access Response Grant Content field size in NR Rel-15 and Rel-16
	
	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



For implicit signaling indication, if the repetition number is determined by PRACH resources, the flexibility of PRACH occasion or preamble selections and the repetition number indication is limited. For example, different repetition numbers are required for different coverage limited UE.  It means the repetition numbers need to be associated with different PRACH resources. If the size of the repetition number set is 2 or 4 or 8, etc., the available PRACH resources will be correspondingly reduced for each repetition number. 
Proposal 2: The size of RAR UL grant is unchanged to indicate the repetition number of Msg3 PUSCH.
Repetition number indication for re-transmission
Explicit or implicit indication was studied in [2], including the following aspects:
-	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 Msg3 PUSCH re-transmission, it is scheduled by DCI format 0_0 scrambled by TC-RNTI. For explicit indication mechanism, the DCI size should not be changed to avoid increasing the detection complexity and DCI overhead. In this condition, the padding bits if existing or the redundant bits can be used to indicate the repetition number. For implicit indication mechanism, it may lead to the wastage of the time/frequency resources for PUSCH if the repetition number is the same with the initial transmission. 
In addition, the repetition number for type A PUSCH repetition can be indicated dynamically in DCI for PUSCH re-transmission. For Msg3 PUSCH re-transmission, the dynamic repetition indication can also be considered to schedule the resources flexibly. If there is no padding bit, some bits in the DCI may be reused.
Proposal 3: The size of DCI 0_0 is strived to be unchanged when the repetition number of Msg3 PUSCH re-transmission is indicated by DCI.
Maximal 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 for 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 retransmission in Rel-16. Hence the maximal repetition number up to 16 for Msg3 PUSCH can be considered. 
Proposal 4: The maximal repetition number up to 16 can be considered for Msg3 PUSCH repetition. 
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 available frequency offsets in NR Rel-15 and Rel-16 are illustrated in Table 2. Except for the intra-slot hopping, the inter-slot frequency hopping is also useful to obtain the frequency diversity gain. For type A PUSCH repetition in NR Rel-16, both the intra-slot and inter-slot frequency hopping are supported.  
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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	1
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	00
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	01
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	10
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	11
	Reserved



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.
Proposal 5: Inter-slot frequency hopping enhancements for PUSCH can be reused for Msg3 PUSCH repetition.
Conclusions 
Based on the above discussions, the following proposals are concluded.
Proposal 1: Support separate PRACH resources (e.g. separate PRACH occasions or preambles) to identify legacy UE and enhanced UE.
Proposal 2: The size of RAR UL grant is unchanged to indicate the repetition number of Msg3 PUSCH.
Proposal 3: The size of DCI 0_0 is strived to be unchanged when the repetition number of Msg3 PUSCH re-transmission is indicated by DCI.
Proposal 4: The maximal repetition number up to 16 can be considered for Msg3 PUSCH repetition. 
Proposal 5: Inter-slot frequency hopping enhancements for PUSCH can be reused for Msg3 PUSCH repetition.
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