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In the RAN1#105 e-meeting [1], the following agreements for Msg3 PUSCH repetition were achieved in the table below.  
	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 doesn’t depend on dynamic SFI in DCI format 2-0.
Agreement: Available slot for Msg3 PUSCH repetition doesn’t 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 signaling indication of repetition number, the identification of the UE requesting Msg3 PUSCH repetition, the determination of the available slots and details for frequency hopping for Msg3 PUSCH repetition are discussed.  
Potential solutions for Type A PUSCH repetition for Msg3
2.1 Differentiation and triggering mechanisms for Msg3 repetition
In RAN#105 e-meeting, the following agreements on separate PRACH resources for requesting Msg3 repetition have been achieved, and some remaining issues were left for further discussion.
	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.


PRACH resources have been used, or have been agreed to be used, by multiple features/applications for initial identification. In NR Rel-16, either separate preambles in shared RO or separate ROs can be used to differentiate between 2-step RACH and 4-step RACH. And, in NR Rel-17 RedCap topic, SDT topic and RAN Slicing topic, it was agreed to use PRACH resources for initial identification. Obviously, the PRACH resources configured/partitioned for these features/applications would impact each other, and should be considered jointly.
In RAN2#114 e-meeting, RAN2 has identified that a common design for PRACH resources partitioning for multiple features is needed. The item, which is expected to cover PRACH indication and partitioning for SDT topic, CovEnh topic, RedCap topic and RAN slicing topic, has been present in Agenda of RAN2#115 e-meeting. And, the above FFS covers the details of signaling design in RAN2, such as whether to introduce a PRACH mask to indicate a sub-set of ROs for requesting Msg3 repetition. Therefore, it is reasonable to postpone the discussion until RAN2 concludes the design for PRACH partitioning for multiple features.
Proposal 1: The discussion on separate PRACH resources for requesting Msg3 PUSCH repetition should be postponed until RAN2 concludes the design for PRACH partitioning for multiple features.
Obviously, the capability that the UE supports Msg3 PUSCH repetition can be indicated to the gNB by the selected PRACH resource. However, due to the fact that some UEs with capability would not request Msg3 PUSCH repetition in initial access procedure, the capability of such UEs is not known by gNB. And, due to mobility, such UEs would become coverage limited UE and then request Msg3 PUSCH repetition. So, if the gNB knows the potential UEs that support Msg3 PUSCH repetition in advance, the gNB could calculate the percentage of these UEs and then optimize the number of resources for PRACH used for requesting Msg3 PUSCH repetition. The optimization is useful to balance the PRACH resource overhead and the collision probability that multiple UEs select the same preamble. Therefore, it is reasonable to allow a UE to report its capability of supporting Msg3 PUSCH repetition after initial access procedure.
Proposal 2: The UE capability of supporting Msg3 PUSCH repetition should be reported after initial access procedure.
2.2 Indication of the number of repetitions for Msg3 
2.2.1 Indication of the number of repetitions for Msg3 initial transmission 
Based on the WA reached in [1], to indicate the number of repetitions for Msg3 initial transmission, the down-selection from the following options is needed.
· Option 1: TDRA information field with introducing a new TDRA table including the repetition factors.
· Option 2: MCS information field
· Option 3: TPC information field
· Option 4: CSI request information field
· Option 5: FDRA information field
For option 1, it should be noted that introducing a new TDRA table will increase the payload for SIB1, thus resulting in more resource consumption for SIB1 transmission. Currently, the typical value of payload of SIB1 is about 1000bits in deployed networks. And it can be calculated that about 240 bits need to be added in SIB1 if the new TDRA table for Msg3 PUSCH repetition contains 16 rows according to the listed payload for each parameter in Table 1. Note that, it is possible to reduce the payload by combine the rows with the same value of k2, but the resultant payload is still 180 bits for the case of four candidate value of k2 in the new TDRA table. Obviously, the increase of payload of SIB1 is significant. Therefore, the TDRA information field is not preferred. 
Observation 1: The payload of the new TDRA table that includes the repetition factors in SIB1 will increase by 18~24% in some cases.
	Table 1 Payload of the parameters used to indicate the new TDRA table
	Parameter
	Payload (bits)
	Explanation

	k2
	5 
	Refer to k2 and k2-r16 in TS 38.331.

	mappingType
	1
	Refer to mappingType and mappingType -r16 in TS 38.331.

	startSymbolAndLength
	7
	Refer to startSymbolAndLength and startSymbolAndLength -r16 in TS 38.331.

	numberOfRepetitions
	2 or 3 
	2 bits if the number of repetition factors is 4 (e.g. 2, 4, 8, 16), 3 bits if the number of repetition factors is 8.

	Total
	15 or 16
	






For option 2, partial bits in MCS information field could be used to indicate the number of Msg3 PUSCH repetitions. For coverage limited UE that requests Msg3 PUSCH repetition, the gNB will schedule Msg3 PUSCH with repetition when the gNB estimates that the Msg3 PUSCH using MCS 0 without repetition cannot be transmitted successfully. If the gNB schedules Msg3 PUSCH with repetition, in order to get better performance, the spectrum efficiency should be lower than the Msg3 PUSCH using MCS 0 without repetition. In the MCS index table, the spectrum efficiency of MCS 0 is 0.2344. It can be observed that the MCS index will not achieve MCS 4 whose spectrum efficiency is 0.4902 when the number of repetitions is 2.  Only a small amount of MCS in MCS index table will be used by the UE. Based on the above analysis, in RAR UL grant, 4 bits are used to indicate MCS index in Table 2, which is redundant 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, two bits can be used to indicate MCS indices 0~3 or three bits used to indicate indices 0~7. The number of reused bits should depend on the size of the set of repetition numbers. 
Proposal 3: MCS information field in RAR UL grant is adopted to indicate the repetition number for Msg3 initial transmission.
For option3, due to the measurement of the pathloss of the limited coverage UE may be inaccurate, the transmit power will be higher or lower than the power that the gNB really expected. Therefore, the negative and positive values in the TPC command table could be reserved. The closed-loop PUSCH transmit power control seems to be impacted by repurposing the TPC information field through removing negative values in the TPC command table.
For option 4, from the perspective of providing more candidate Msg3 repetition factors, CSI request information field which only has at most one bit is not preferred.  
For option 5, the usage of FDRA information field will limit the allocated frequency domain resources resulting in the inefficient utilization of frequency domain resources. Therefore, this information field is not preferred. 
Table 2: 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
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Based on the following agreement in RAN#105 e-meeting, to indicate the number of repetitions for Msg3 re-transmission, the down-selection from the following candidate options is needed.
	Agreements: 
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.  


It seems that using the same mechanism as supported for Msg3 initial transmission in Msg3 re-transmission has no obvious disadvantage. And it simplifies the procedure in the specification compared to use different mechanisms.  Similar to the initial transmission, partial bits of the existing bit field (e.g. MCS or TPC bit fields) can be reused to indicate the repetition number in retransmission.  
Proposal 4: For repetition indication of Msg3 re-transmission, use the same mechanism as supported for Msg3 initial transmission.
2.3 Counting on the basis of available slots for Msg3 repetition
The following issue regarding to the determination of the available slot for Msg3 PUSCH repetition needs further discussion.
· FFS whether and how to use flexible symbols indicated by TDD-UL-DL-Configcommon.
Flexible symbols should be used for Msg3 PUSCH repetition. However, considering the SSB transmission would occur in the flexible symbol(s), the flexible symbol(s) overlapped with SSB transmission should not be determined as available for Msg3 PUSCH repetition. 
In addition, although it has been agreed that the available slot for Msg3 PUSCH repetition does not depend on tdd-UL-DL-ConfigurationDedicated in RAN1#105 e-meeting, it is not clear that the actual transmission of Msg3 PUSCH repetition on the available slot will depend on tdd-UL-DL-ConfigurationDedicated or not. If the UE follows the legacy Msg3 PUSCH omission rule related to tdd-UL-DL-ConfigurationDedicated in NR R16, the actual transmission of Msg3 PUSCH repetition on an available slot will be omitted when the scheduled symbols in an available slot include downlink symbol(s) indicated by tdd-UL-DL-ConfigurationDedicated. Considering other procedures would not be performed during random access procedure, it is obvious that the above mentioned Msg3 PUSCH repetition omission caused by following the legacy rule is unnecessary. Therefore, in order to avoid the unnecessary Msg3 PUSCH repetition omission, it should be confirmed that the actual transmission of Msg3 PUSCH repetition in an available slot cannot depends on the tdd-UL-DL-ConfigurationDedicated.  
Observation 2: It should be confirmed that the actual transmission of Msg3 PUSCH repetition in an available slot cannot depends on the tdd-UL-DL-ConfigurationDedicated.
2.4 Candidate values for Msg3 initial/re-transmission repetitions
Based on the evaluation results in [3] and [4], about 2 dB gain can be obtained by doubling repetition number at 10% BLER. About 6 dB gain can be obtained by 8 repetitions, which can meet the coverage requirement in FR1. 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. Hence, the maximal repetition number for Msg3 PUSCH can be larger than 8, e.g., 16. 
Proposal 5: The maximal repetition number for Msg3 PUSCH repetition is 16. 

2.5 Frequency hopping for Msg3 PUSCH repetition
It has been agreed that Msg3 PUSCH repetition supports inter-slot frequency hopping, and whether to support intra-slot frequency hopping for Msg3 PUSCH repetition needs further discussion. 
Although intra-slot frequency hopping has been supported for Msg3 PUSCH without repetition in NR R16, the benefit of support intra-slot frequency hopping for Msg3 PUSCH with repetitions is not clear. And, an obvious disadvantage of intra-slot frequency hopping is that more DMRS symbols need to be inserted in a slot, because each hop in a slot requires respective DMRS for channel estimation due to the fact the frequency resources used by each hop in a slot are different. For example, for intra-slot frequency hopping, it requires to configure at least 2 DMRS symbols in a slot, and each symbol is used for channel estimation for one hop. In contrast, for inter-slot frequency hopping, only one symbol DMRS needs to be configured in a slot. In addition, for the case that the inter-slot frequency hopping also configures two symbols DMRS, due to the amount of filtering (averaging) of the channel estimate in time of the inter-slot frequency hopping in each hop is approximately twice intra-slot frequency hopping, the inter-slot frequency hopping can have better performance. As shown in the Figure 1, for the inter-slot frequency hopping only with 1 symbol front-loaded DMRS and the intra-slot frequency hopping with 1 symbol front-loaded DMRS as well as 1 symbol additional DMRS, the performance of both is approximately the same.  And, in the Figure 2, the evaluation results for Msg3 PUSCH repetition show that the gap between inter-slot frequency hopping and intra-slot frequency hopping is about 1 dB, when both are configured with 1 symbol front-loaded DMRS and 1 symbol additional DMRS. 
Furthermore, if Msg3 PUSCH repetition only supports inter-slot frequency hopping, the indication could reuse the “Frequency hopping flag” information field in RAR UL grant which is used to indicate intra-slot frequency hopping for Msg3 PUSCH without repetitions in NR R16. No additional signaling design is needed. 
Proposal 6: Support only inter-slot frequency hopping for Msg3 PUSCH with repetition.
Proposal 7: If UE is indicated with Msg3 PUSCH with repetition, the frequency hopping flag information field in UL RAR grant is reused to indicate inter-slot frequency hopping.
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Figure 1. Evalutation resluts of intra-slot frquency hopping with 2 DMRS symbols per slot and inter-slot frequency hopping with 1 DMRS symbol per slot.
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Figure 2. Evalutation resluts of intra-slot frquency hopping with 2 DMRS symbols per slot and inter-slot frequency hopping with 2 DMRS symbols per slot.
2.6 RV pattern for Msg3 repetition
As agreed in PUSCH Type A repetition enhancement, RV cycling is based on available slot for the Type A PUSCH repetition enhancement with repetitions counted based on available slot in Rel-17. In order to be consistent, the RV cycling for Msg3 PUSCH repetition should also be based on transmission occasions on available slot.
Conclusions 
Based on the above discussions, the following proposals are concluded,
Observation 1: The payload of the new TDRA table that includes the repetition factors in SIB1 will increase by 18~24% in some cases.
Observation 2: It should be confirmed that the actual transmission of Msg3 PUSCH repetition in an available slot cannot depends on the tdd-UL-DL-ConfigurationDedicated.
Proposal 1: The discussion on separate PRACH resources for requesting Msg3 PUSCH repetition should be postponed until RAN2 concludes the design for PRACH partitioning for multiple features.
Proposal 2: The UE capability of supporting Msg3 PUSCH repetition should be reported after initial access procedure.
Proposal 3: MCS information field in RAR UL grant is adopted to indicate the repetition number for Msg3 initial transmission.
Proposal 4: For repetition indication of Msg3 re-transmission, use the same mechanism as supported for Msg3 initial transmission.
Proposal 5: The maximal repetition number for Msg3 PUSCH repetition is 16. 
Proposal 6: Support only inter-slot frequency hopping for Msg3 PUSCH with repetition.
Proposal 7: If UE is indicated with Msg3 PUSCH with repetition, the frequency hopping flag information field in UL RAR grant is reused to indicate inter-slot frequency hopping.
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