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Introduction
In RAN1#107-e meeting, coverage enhancement for Msg3 was discussed including request of Msg3 PUSCH repetition, indication of the number of repetition for initial and re-transmission, available slots and actual transmission for msg3 PUSCH repetition, RV, and intra-/inter-slot frequency hopping. Also, several agreements were made [1]. Following the previous agreement, we continue to discuss on coverage enhancement for Msg3.
Discussion
In this section, we discuss on how to know a UE should apply legacy or new interpretation, indication of MCS index for initial transmission, and indication of MCS index for retransmission.

[bookmark: _Ref91861646]How to know a UE should apply legacy or new interpretation
In RAN1#106, it was decided to down-select one of the two options on how a UE should interpret the selected information field for indication of the number of repetitions.
	Agreement 
Down-select one of the two options on how a UE should interpret the selected information field for indication of the number of repetitions.
· Option 1:
· When a UE requests Msg3 repetition, the new TDRA table or repurposed information field is applied. gNB schedules Msg3 with or without repetition for the UE requesting Msg3 repetition.
· Repetition factor K=1 is included in the TDRA table or one entry/codepoint of the repurposed information field.
· When the UE doesn’t request Msg3 repetition (including legacy UE), the legacy TDRA table or legacy information field is applied. gNB schedules Msg3 without repetition for the UE not requesting Msg3 repetition.
· Option 2:
· When a UE requests Msg3 repetition, gNB schedules Msg3 with or without repetition by respectively using the new TDRA table or legacy TDRA table; or gNB schedules Msg3 with or without repetition by respectively using repurposed information field or legacy interpretation of information field. Whether the UE should apply the new or the legacy TDRA table, or apply repurposed or legacy interpretation of the information field, is indicated by gNB. 
· FFS details, e.g. implicit or explicit indication or predefined.
· Repetition factor K=1 is NOT included in the TDRA table or one entry/codepoint of the repurposed information field.
When the UE doesn't request Msg3 repetition (including legacy UE), gNB schedules Msg3 without repetition. The UE applies the legacy TDRA table, or the legacy interpretation of the information field.



It is understood that the motivation of option 2 is to provide more flexibility in terms of MCS indication (e.g., when msg3 PUSCH repetition is enabled, gNB can indicate either only 2bits in UL grant in RAR are used for MCS indication or all 4 bits for MCS field are used). However, in the RAN1#107-e meeting, it has been agreed that four candidate MCS indices can be configured by SIB1. Considering that only QPSK is used practically in the coverage enhancement environments, it seems that flexibility of MCS indication can be achieved by the configuration of candidate MCS indices by SIB1.In addition, it seems that a benefit of option 2 is to save some codepoints of the information field through not including the cases for K=1. However, it has been agreed to include the case for K=1 in the default candidate repetition factor set. Hence, the disabling of Msg3 PUSCH repetition can be operated by the indication of K=1 via RAR UL grant. Furthermore, in case of option 2, further discussion(s) is required to decide details how to be indicated. On the other hand, it seems option 1 has no ambiguous part for operation of indicating number of repetition. In this aspect, it seems there is no strong motivation to select option 2.

Proposal 1: Select option1 on how a UE should interpret the selected information field for indication of the number of repetitions.

Indication of MCS index for Msg3 initial transmission
For the indication of number of repetition for Msg3 initial transmission, the following is agreed in RAN1#107-e meeting.
	Agreement
· For indication of the number of repetitions of Msg3 initial transmission, Alt 2 (i.e., using MCS information field) is adopted. 
Four candidate MCS indexes can be configured by SIB1 for Msg3 initial transmission. MCS 0~3 are applied if the configuration is absent.
If the four candidate repetition factors are not configured, the default values are {1, 2, 3, 4}. 



Note that the above agreement is not only about indication of number of repetition of Msg3 initial transmission, but also about indication of MCS index for Msg3 initial transmission. Each aspect has its own spec impact, so it needs to be captured in spec appropriately. In this section, the latter aspect is focused since it has not been discussed well before.

In TS38.214 v17.0.0 [3], the latter has been captured in subclause 6.1.4.1. How 2 LSB of the MCS information field of the RAR UL grant provide a specific MCS index is described in the subclause by specifying mapping between codepoints of the 2 LSB and four SIB1 configured candidate MCS indexes. 
In addition, in TS38.213, it needs to be described when the Msg3 requesting UE should apply the new interpretation of the MCS information field of the RAR UL grant along with the new interpretation method of the repurposed MCS field. However, this has not been captured in TS38.213 v17.0.0 [4] since it is related with the issue on how to know a UE should apply legacy or new interpretation and the issue is still on discussion. If option 1 is selected for that issue proposed in section 2.1, it is proposed to capture TP for TS38.213 described in Section 3.
 
Proposal 2: In TS38.213, it should be described when the Msg3 requesting UE should apply the new interpretation of the MCS information field of the RAR UL grant along with the new interpretation method of the repurposed MCS field. Propose to capture TP described in Section 3.

Indication of MCS index for Msg3 re-transmission
For the indication of number of repetition for Msg3 re-transmission, the following is agreed in RAN1#107-e meeting.
	Agreement 
For repetition indication for Msg3 re-transmission, Option 1 (i.e., use the same mechanism as supported for Msg3 initial transmission) is adopted. 
FFS: [8] MCS index to be used for Msg3 re-transmission



In this section, it is discussed how to configure eight candidate MCS indexes since it is still FFS. Following the previous agreements, SIB1 configured candidate MCS indexes are adopted for the initial Msg3 transmission. Same mechanism can be adopted for Msg3 re-transmission. Note that LS from RAN4 [6] recommended to only focus on modulation orders not higher than QPSK in coverage extension scenario. Note also that MCS indexes up to 9 are QPSK, i.e., there are 10 MCS indexes using QPSK. Utilizing MCS indexes beyond eight lowest indexes might be beneficial since using higher coding rate enables higher PSD via mapping large payloads to fewer frequency resources. From this point of view, it is proposed to use SIB1 configured 8 candidate MCS indexes for Msg3 re-transmission. Also, a set of {0,1,…,7} can be a candidate of default MCS indexes.

Proposal 3: Adopt that 8 candidate MCS indexes for Msg3 re-transmission can be configured by SIB1. If not configured, a set of {0,1,…,7} can be a candidate of default set of MCS indexes.

[bookmark: _Ref92439826]Conclusion
Proposal 1: Select option1 on how a UE should interpret the selected information field for indication of the number of repetitions.

Proposal 2: 
· In TS38.213, it should be described when the Msg3 requesting UE should apply the new interpretation of the MCS information field of the RAR UL grant along with the new interpretation method of the repurposed MCS field. 
· Propose to capture following TP in TS38.213.

============ Start of Text Proposal for TS38.213 [4] ==================
8.2	Random access response – Type-1 random access procedure
<--------------------------------------Other parts are omitted---------------------------------------------------------->
A RAR UL grant schedules a PUSCH transmission from the UE. The contents of the RAR UL grant, starting with the MSB and ending with the LSB, are given in Table 8.2-1. 
If the value of the frequency hopping flag is 0, the UE transmits the PUSCH without frequency hopping; otherwise, the UE transmits the PUSCH with frequency hopping.
The UE determines the MCS of the PUSCH transmission from the first sixteen indexes of the applicable MCS index table for PUSCH as described in [6, TS 38.214]. 
If the UE transmits a PRACH using a resource associated with a corresponding Msg3 PUSCH transmission with repetitions [11, TS 38.321], 
· the UE determines the MCS of the PUSCH type A repetition transmission from the 2 LSB of the RAR UL grant among four candidate MCS indexes as described in [6, TS 38.214].
else
· the UE determines the MCS of the PUSCH transmission from the first sixteen indexes of the applicable MCS index table for PUSCH as described in [6, TS 38.214].
The TPC command value  is used for setting the power of the PUSCH transmission, as described in clause 7.1.1, and is interpreted according to Table 8.2-2. 
<--------------------------------------Other parts are omitted---------------------------------------------------------->
============ End of Text Proposal for TS38.213 ==================

Proposal 3: Adopt that 8 candidate MCS indexes for Msg3 re-transmission can be configured by SIB1. If not configured, a set of {0,1,…,7} can be a candidate of default set of MCS indexes.

Reference
[1] RAN1 chair’s notes, RAN1 #107-e, e-Meeting, November 11th – 19th, 2021
[2] R1-2112836, Feature lead summary #4 on support of Type A PUSCH repetitions for Msg3, RAN1 #107-e, e-Meeting, November 11th – 19th, 2021
[3] 3GPP TS 38.214 V17.0.0 (2021-12): "NR; Physical layer procedures for data"
[4] 3GPP TS 38.213 V17.0.0 (2021-12): "NR; Physical layer procedures for control"
[5] R1-2108703, Reply LS on PUCCH and PUSCH transmissions, RAN1#106bis-e, e-Meeting, October 11th – 19th, 2021
	4/4	
