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In RAN1#103-e meeting, the SI on NR coverage enhancement was closed and a new WI was agreed in [1] in RAN#90-e meeting. One of the objectives of this WI is 
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]

In this contribution, we discuss our views on the Msg3 coverage enhancement aspects, including indication of repetition factor (for initial and retransmission of Msg3), indication of frequency hopping type, and indication of UE capability in Msg3 repetitions.
Msg3 Coverage Enhancement

Indication of Msg3 Repetition Factor
For indication of number of repetitions for Msg3 initial transmission, it was agreed in RAN1 #104be that [2]:
Agreements: For indication of the number of repetitions for Msg3 initial transmission, Option 1 (i.e., using UL grant scheduling Msg3) is adopted.
· FFS additionally using MAC RAR for indication.

Later in RAN1# 105e it was agreed that [3]:
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 105e, RAN1 discussed which information field can be used to indicate repetition factor. There are mainly two camps, where some companies proposed to use TDRA, while some other companies considered other bit-fields like TPC. Here we should note that, although in R16 TDRA was used to indicate repetition factor for PUSCH Type-B, but there are important differences between Rel-16 design to indicate repetition factor for PUSCH, and Rel-17 design for Msg3 repetition factor. 
· TDRA table for Msg3 is a cell-specific table, not a UE specific table. Given that Msg3 enhancement should not impact legacy UE, either an additional table needs to be signaled by SIB or an additional table should be pre-configured for UEs with Msg3 repetitions. Given that with TDRA indication, all other fields in TDRA like SLIV, K2, etc shall be repeated as well, additional TDRA indication by SIB means a big overhead, which is not desired for a UE in coverage limited. On the other hand, a pre-configured/fixed TDRA table results lack flexibility. 
· In Rel-16, for a given scheduling flexibility, dynamic indication of repetition factor for PUSCH required additional bits in DCI anyway. So, for a given scheduling flexibility, we could add new bits to DCI or extend TDRA table size, where both approaches eventually had more-less the same performance. While in R17, there are “existing bit fields” in RAR UL grant that can be repurposed without scarifying performance/flexibility/etc. For example, a UE in coverage limited, will not be scheduled by high MCS values, or short step TPCs, or it does not need initial large BWP. Therefore, those information fields (MCS, TPC, FDRA) can be repurposed.  
Further, it should be noted that regardless of which bit information field is selected to indicate repetition factor, UE needs to be indicated on the new interpretation of the RAR UL grant. Of course, as briefly discussed in 105e, one option is to include such indication within the bit field. For example, if TDRA is selected, some of the rows out of 16 rows will indicate no repetitions. Similarly, if two out of 4 MCS bits indicate repetition factor, one state shall be reserved to indicate no repetitions. Such a solution saves extra bit to indicate repetition factor at the cost of reduced scheduling flexibility. Another solution is to have a separate bit indicating to UE about new interpretation of RAR UL grant. Given that we have enough reserved bits in DCI 1_0 with CRC scrambled by RA-RNTI, or MsgB-RNTI, a bit in DCI scheduling Msg2/MsgB can explicitly indicate how to interpret UL RAR grant bit fields.  
In our view, the procedure to dynamically indicate repetition factor for Msg3 initial transmission can be summarized as follows. First a small set of repetition numbers are defined (in SIB1 or pre-configured). Next, for a UE that indicated to be capable of Msg3 repetitions, gNB signals the repetition factor by repurposing some of the existing bits in UL RAR grant. Such bits are mapped to a repetition number in the set. Further, UE is indicated about new RAR interpretation by a single reserved bit in DCI 1_0 with CRC scrambled by RA-RNTI.
Based on the above argument, we have the following proposal:
Proposal 1: For a UE capable of Msg3 transmission with repetitions, support dynamic indication of repetition factor using
· MCS, or FDRA or TPC 
· a reserved bit in DCI 1_0 to indicate repurposing some of the bit fields in RAR UL grant. 

Similarly, to indicate number of repetitions for Msg3 retransmission, some of the reserved bits in DCI 0_0 with CRC scrambled by TC-RNTI, e.g., HPN bit field, can be mapped to one of values in a set of repetition factors defined by SIB1. 
Proposal 2: For a UE capable of Msg3 transmission with repetitions, support dynamic indication of repetition factor using SIB1 indicating S, a set of repetitions factors, and some of the reserved bit in DCI 0_0 to be mapped to a repetition factor in the set of repetitions. 


Procedure of Frequency Hopping Mode Indication
In the coverage enhancement study, Msg3 PUSCH repetition with the inter-slot hopping was studied. As it was shown in [4][5], there is about 3.8dB SNR gain with two repetitions and inter-slot hopping comparing with no repetition and no intra-slot hopping. Further, in RAN1#104-e meeting, it was agreed that:
Agreements: Support inter-slot frequency hopping for repetition of Msg3 initial and re-transmission.
· FFS details, e.g., signaling etc.
In current specification, there is a single bit frequency hopping flag in UL RAR grant (or UL fallbackRAR grant) that indicates whether or not intra-slot FH is enabled for Msg3 PUSCH initial transmission. Similarly, for Msg3 retransmission, intra-slot FH is indicated by a frequency hopping flag in DCI 0_0 that schedules Msg3 retransmission. Now in Rel-17 and with Msg3 transmission with repetitions, some signaling is required to indicate the frequency hopping mode, e.g., inter vs intra-slot FH, across different repetitions. 
For initial Msg3 transmission with repetitions, the indication of frequency hopping mode can be done through some of the unused bits in DCI 1_0, with CRC scrambled by RA-RNTI. Although, given that there is already a FH flag in UL RAR grant, having further bits in DCI to indicate the FH mode is a sub-optimal design. Alternatively, for a UE supporting Msg3 PUSCH with repetitions, FH mode can be indicated by SIB. While such indication by SIB does not need to use more bits in DCI, or to repurpose more bits in UL RAR grant, but it lacks the flexibility to dynamically indicate the FH mode. A middle ground design could be to assume a FH is always enabled for a UE with Msg3 transmission with repetitions. Then the existing FH flag in UL RAR grant, or in DCI 0_0 scheduling Msg3 retransmission, will simply indicate the FH mode, e.g., 0/1 as inter/intra slot frequency hopping.
Proposal 3: FH is always enabled for a UE with Msg3 transmission with repetitions. 
· For Msg3 initial transmission, the single bit for FH flag in RAR UL grant (or fallbackRAR) is repurposed to indicate the FH mode.
· Alternatively, for a UE with Msg3 transmission with repetitions only inter-slot FH is supported, if enabled by the single bit for FH flag in RAR UL grant


Waveform indication for Msg3
In current specification, whether or not transform precoding is enabled for Msg3 transmission is indicated by a cell-specific parameter, msg3-transformPrecoder. More, precisely, from 38.214, Sec. 6.1.3, we have:
· For a PUSCH scheduled by RAR UL grant, or for a PUSCH scheduled by fallbackRAR UL grant, or for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, the UE shall consider the transform precoding either 'enabled' or 'disabled' according to the higher layer configured parameter msg3-transformPrecoder.
From 38.331, we have:
· msg3-transformPrecoder is configured the cell specific IE RACH-ConfigCommon 

While NW may choose not to enable transform precoding for all UEs performing RACH, it is desired to have a mechanism to enable transformprecoder for Msg3 transmission of some UEs, e.g. for a UE required to enhance/recover coverage, in a UE specific procedure. Based on what we discussed, the following is proposed:

Proposal 4: for Msg3 transmission, gNB indicates whether transformprecoder is enabled or not via:
· Alt1: repurpose some bits in RAR UL grant (for initial Msg3 transmission) or DCI format 0_0 with CRC scrambled by TC-RNTI (for Msg3 retransmission) to indicate whether transformprecoder enabled or not
· Alt2: implicit indication, for example, transformprecoder is enabled if UE indicates to require coverage enhancement/recovery
Indication to Support of Msg3 Repetition
It was agreed in RAN1# 104b-e that [2]:
Agreement: For Msg3 PUSCH repetition, support the following modified Option 2-1. 
· Option 2-1: For UE requested Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can request Msg3 PUSCH repetition via separate PRACH resources (FFS details, e.g., separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions after SSB association, etc.).
· Whether a UE would request is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· If Msg3 PUSCH repetition is requested triggered by UE, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions for Msg3 PUSCH 3 (re)-transmission.  
· FFS the UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual
· FFS details if any.
 
There were some discussions in RAN1 about whether or not a UE capable of Msg3 repetition should indicate such capability after RACH process, even if such a UE was not requesting Msg3 repetitions via a PRACH resource selection. The intention of such report is to give gNB an estimate of UEs that may become cell-edge UE, or hand off to neighbor cell in future. Although how report from all UEs is mapped to such side information at the gNB is not investigated/justified. Besides, with a similar argument, there are cell-edge UEs asking for Msg3 repetition that may go out of deep coverage in future, and no longer request for Msg3 PUSCH repetitions. Thus, in our view, it is not required to UE explicitly report capability of support of Msg3 repetitions.
 
Proposal 5: Implicit indication of capability to support Msg3 repetition via PRACH resource is sufficient, and UE is not required to explicitly report capability of supporting Msg3 repetition after initial access procedure.

Conclusions
In this contribution, we discuss the Msg3 PUSCH coverage enhancement and have the following proposals:

Proposal 1: For a UE capable of Msg3 transmission with repetitions, support dynamic indication of repetition factor using
· MCS, or FDRA or TPC 
· a reserved bit in DCI 1_0 to indicate repurposing some of the bit fields in RAR UL grant. 

Proposal 2: For a UE capable of Msg3 transmission with repetitions, support dynamic indication of repetition factor using SIB1 indicating S, a set of repetitions factors, and some of the reserved bit in DCI 0_0 to be mapped to a repetition factor in the set of repetitions. 

Proposal 3: FH is always enabled for a UE with Msg3 transmission with repetitions. 
· For Msg3 initial transmission, the single bit for FH flag in RAR UL grant (or fallbackRAR) is repurposed to indicate the FH mode.
· Alternatively, for a UE with Msg3 transmission with repetitions only inter-slot FH is supported, if enabled by the single bit for FH flag in RAR UL grant

Proposal 4: for Msg3 transmission, gNB indicates whether transformprecoder is enabled or not via:
· Alt1: repurpose some bits in RAR UL grant (for initial Msg3 transmission) or DCI format 0_0 with CRC scrambled by TC-RNTI (for Msg3 retransmission) to indicate whether transformprecoder enabled or not
· Alt2: implicit indication, for example, transformprecoder is enabled if UE indicates to require coverage enhancement/recovery

Proposal 5: Implicit indication of capability to support Msg3 repetition via PRACH resource is sufficient, and UE is not required to explicitly report capability of supporting Msg3 repetition after initial access procedure.
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