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Discussion
1      Introduction
In RAN1 #105 meeting, the following agreements were achieved for type A Msg.3 PUSCH repetitions [1].
	Agreement: For repetition indication of Msg3 re-transmission, select one option from the following two options.

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

· Option 2: Use HARQ process number bit field in DCI format 0_0 with CRC scrambled by TC-RNTI.  
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.
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. 


This contribution provides some considerations about type A Msg.3 PUSCH repetitions for discussion.

2      Discussion
2.1     Definition of shared RO for Msg3 PUSCH repetition
In RAN1 #105 e-meeting, it was agreed to use separate preamble with shared RO to request Msg3 PUSCH repetition for UE. We think the shared RO can be an RO with preamble(s) at least for the following two cases: 

Case 1: 4-step RACH only.
Case 2: both 4-step RACH and 2-step RACH. 
As for the case where the RO is only configured with 2-Step RACH preambles, we think it proper not to be shared by Mag3 repetition preambles.
2.2     Repetition factor indication for Msg3 initial/re-transmission
Repetition factor indication for Msg3 initial transmission
Current RAR grant fields are shown in Tab.1 with 27 bits in total. In RAN 1 #105 e-meeting, one working assumption is achieved to down-select only one information field (i.e. TDRA, MCS, TPC, CSI or FDRA field) to indicate the repetition factor for Msg3. First, we want to discuss some common issues for repetition factor indication. Then, we provide our views on each information filed.
Tab.1 Current bit field of RAR UL grant

	RAR grant field
	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


(1) Common issue: UE interpretation of RAR information filed.
Based on current discussion, no matter which RAR filed is used for Msg3 repetition factor indication, one common issue is how a Cov_Enh UE interprets the corresponding RAR field. In our view, explicit indication is not a proper method, which needs additional bits/signaling, since it is already difficult to provide indication bits for repetition factor. Thus, we think implicit method is preferred. One possible way is: when a UE requests Msg3 repetition, new interpretation of RAR information filed is adopted; else, legacy interpretation of RAR information filed is adopted. To enable this method, repetition factor equal to 1 should be included in the repetition factor set.
Proposal 1: Support implicit method for interpretation of RAR information filed, i.e., when a UE requests Msg3 repetition, new interpretation of RAR information filed is adopted; else, legacy interpretation of RAR information filed is adopted.
Proposal 2: Repetition factor equal to 1 should be included in the repetition factor set of Msg3 repetition.
(2) Information filed for Msg3 repetition factor indication
1) TDRA field
Since PUSCH already supports repetition factor indication by TDRA list, we think it can be a reference for Msg3 repetition. To enable Msg3 repetition factor indication by TDRA, there are still some issues that need further discussion:
1-1) Configure the repetition number in SIB1
One additional parameter is needed to be configured, i.e. the number of Msg3 repetitions. This will some kind of increasing the overhead of SIB1.
1-2) Whether to pre-define a new default TDRA table?
If the TDRA is not configured in SIB1, for Rel-16 default TDRA table can be utilized to indicate the time domain resources. However, for Msg3 repetition enhancement, whether to pre-define a new default TDRA table containing the number of Msg3 repetitions may need further discussion cause the specification effort may be large. Moreover, the flexibility of this method is limited. Since the TDRA field is not enlarged, only 16 indexes can be used to indicate the repetition factors for Msg3. If 4 kinds of repetition factors is configured including repetition factor equals to 1, then for each repetition factor there are only 4 related time domain resource indication entries. Obviously, the feasibility of scheduling is reduced. 
2) TPC/MCS filed
We put these two field together for discussion, cause we think they have some similarities. For cell-edge UEs, they are generally scheduled by full power transmission & low MCS. Thus, some entries of TPC and MCS may not be used by them, which leaves some room for rephrasing some bits of these field. And the rephrasing bits can be used for indicating Msg3 repetition factor.
3) CSI field
We don’t consider this field to be used to indicate Msg3 repetition factor. It only has 1 bit, which may not be enough for repetition factor indication. 
Proposal 3: Not support CSI field for Msg3 repetition factor indication.

Repetition factor indication for Msg3 re-transmission
For Msg3 re-transmission, we are fine with both of the options (i.e., Use the same mechanism as supported for Msg3 initial transmission or use HPN bit field in DCI 0_0). We slightly prefer uniform design of Msg3 repetition factor indication for Msg3 PUSCH initial transmission and re-transmission.
Proposal 4: For repetition indication of Msg3 re-transmission, both options are fine with us. Option 1 is slightly preferred.
Candidate values for Msg3 initial/re-transmission repetitions
The candidate values for Msg3 repetition were discussed during RAN 1 #104b meeting. In our view, we think that the total number of repetition factors should be no larger than 4 (no larger than 4 kinds of repetition factors). For example, if TDRA field is used for the repetition factor indication, the candidate repetition factors should be mapped into 16 indexes, since this kind of indication already sacrifices the flexibility of Msg3 time resource allocation, the total number of repetition factors should not be too large. Considering the candidate number of repetitions, we think the simulation results in TR 38.830 can be a reference [2]. If we take performance of PUCCH format 1 as target, it can be seen that the gap is about 4 dB for FR1 and 3.41 dB for FR2. Thus, we think maximum 8 repetition is enough. In summary, we think at least {1, 8} should be supported for the repetition factors of Msg3 PUSCH repetition.
Proposal 5: Support at least {1, 8} for the repetition factors of Msg3 PUSCH repetition.
2.3     Support of intra-slot FH for Msg3 PUSCH with repetition
Although inter-slot FH for Msg3 PUSCH with repetition is supported in Rel-17, we think the support of intra-slot FH is needed and benefit to the network. We don’t want to put additional restrictions on the scheduling. Moreover, when intra-slot FH is supported for Msg3 PUSCH with repetition, the spec impact is very small. Just like the FH mode configuration of normal PUSCH, one enumerate parameter can be added in SIB1 and indicate intra-slot or inter-slot frequency hopping mode. Then, the frequency hopping flag in RAR UL grant can be used to indicate whether the configured frequency hopping mode is enabled/disabled. Moreover, as we analyse in the previous section, repetition factor equal to 1 should be included in the repetition factor set of Msg3 repetition. Thus, for repetition factor equal to 1, it can be seen as a special case for repetition. For this case, only intra-slot FH can be enabled.
Proposal 6: Support intra-slot FH for Msg3 PUSCH with repetition. The frequency hopping mode can be configured in SIB1.
3      Conclusion
In this contribution, we discuss type A Msg.3 PUSCH repetitions and have the following proposals:
Proposal 1: Support implicit method for interpretation of RAR information filed, i.e., when a UE requests Msg3 repetition, new interpretation of RAR information filed is adopted; else, legacy interpretation of RAR information filed is adopted.
Proposal 2: Repetition factor equal to 1 should be included in the repetition factor set of Msg3 repetition.

Proposal 3: Not support CSI field for Msg3 repetition factor indication.

Proposal 4: For repetition indication of Msg3 re-transmission, both options are fine with us. Option 1 is slightly preferred.

Proposal 5: Support at least {1, 8} for the repetition factors of Msg3 PUSCH repetition.
Proposal 6: Support intra-slot FH for Msg3 PUSCH with repetition. The frequency hopping mode can be configured in SIB1.
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