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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 transmission of Msg3, and indication of frequency hopping type.
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# 106e it was agreed that [3]:
Working assumption:
Down-select only one from the following methods for indication of the number of repetition of Msg3 initial transmission.
· Alt 1: If TDRA information field is chosen, introducing a new configurable TDRA table including the repetition factors.
·  The new TDRA table is configured by SIB1, with selecting one of the two options below. 
· Option 1: The new TDRA table includes separate new indication for K2, mapping type, SLIV and repetition factor. 
· Option 2: The new TDRA table includes legacy indication for K2, mapping type and SLIV from legacy TDRA table, and new indication for repetition factor.
·  If a new TDRA table is not configured, the legacy default TDRA table is used, and repetition factor K=1 is applied.
· K=1. 
· Alt 2: If MCS information field is chosen, repurpose the MCS information field as follows.
· X MSB bits of the MCS information field are used for repetition indication. 
·  FFS the value of X.
·  FFS whether the X bits are directly used for indicating the repetition factor (i.e., the decimal value of X is equal to the repetition factor) or used for selecting one repetition factor from a predefined/SIB1 configured set. 
· Alt 3: If TPC information field is chosen, repurpose the TPC information field by selecting one of the two options below.
· Option 1: X LSB bits of the TPC information field are used for repetition indication. 
·  FFS the value of X.
·  FFS whether the X bits are directly used for indicating the repetition factor (i.e., the decimal value of X is equal to the repetition factor) or used for selecting one repetition factor from a predefined/SIB1 configured set. 
· Option 2: A predefined TPC command table with including repetition factor K is introduced. 
· FFS details.
The discussion was further continued in RAN1#106b-e, where it was agreed that [4]
Working Assumption 
Down-select only one from the following methods for indication of the number of repetitions of Msg3 initial transmission.
· Alt 1: If TDRA information field is chosen, Option 2 is supported. 
· The candidate values for repetition factor could be chosen from {[1], 2, 3, 4, 7, 8, [12], [16]} 
· Alt 2: If MCS information field is chosen, repurpose the MCS information field as follows.
· 2 MSB bits of the MCS information field are used for selecting one repetition factor from a SIB1 configured set with 4 candidate values.
· The set of candidate values for repetition factor could be chosen from {[1], 2, 3, 4, 7, 8, [12], [16]}
Note: Whether ‘1’ is included depends on the outcome of interpretation of the selected information field.

In [5], FL performed some analysis to show the overhead associated with Alt1, across different options, where eventually option 1 was dropped. Although in comparison between Alt2, Alt1 still suffers some overhead without any justification (like no improved flexibility, etc). Yet, the main question is why we should consider repetition indication based on TDRA information field, while there are other bit fields like MCS that are not fully utilized for a UE in coverage limited scenario anyway. 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. 
· 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. Therefore, MCS information fields can be repurposed, as given by Alt2.  
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. As it was discussed and an agreement was made in RAN1#106-e, in general there are two options on how UE should interpret the bit-field (TDRA, or MCS). 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, implicitly or explicitly, 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, we think a bit in DCI scheduling Msg2 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, UE is indicated about the new RAR interpretation by a single reserved bit in DCI 1_0 with CRC scrambled by RA-RNTI. Next, for a UE that indicated to be capable of Msg3 repetitions, gNB signals the repetition factor by using 2 MSB bits of the MCS bit-field in UL RAR grant. Such bits are mapped to a repetition factor from a SIB1 configured set with 4 candidate values. That is basically Alt2 from the WA made in 106b-e. Based on this argument, we have the following proposal:
Proposal 1: For a UE capable of Msg3 transmission with repetitions, support dynamic indication of repetition factor using
· A reserved bit in DCI 1-0 to indicate repurposing some of the bit fields in RAR UL grant, and
· Support of Alt2. 

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. 


RSRP threshold for repetition demand
In RAN1#106b-e, it was agreed that [4]: 
Agreement: 
Include the following into the reply LS to R1-2108712(R2-2109195)
· From RAN1 perspective, it can be beneficial to separately configure rsrp-ThresholdSSB for requesting Msg3 PUSCH repetition with shared RO on a given UL carrier.

Agreement: 
From RAN1 perspective, there is no need to separately configure the following legacy RACH parameters configured in RACH-ConfigCommon for requesting Msg3 PUSCH repetition with shared RO on a given UL carrier:
· rsrp-ThresholdSSB-SUL

Here we should note that, from 38.321, rsrp-ThresholdSSB is an RSRP threshold for the selection of the SSB for 4-step RA type, and rsrp-ThresholdSSB-SUL is an RSRP threshold for the selection between the NUL carrier and the SUL carrier. Now by combining the above two agreements, basically UE may be configured with a separate rsrp-ThresholdSSB which will serve not only to determine a repetition demand on NUL, but also in an interaction with legacy rsrp-ThresholdSSB-SUL, that single newly configured threshold should serve repetition on SUL, if any. In our view, the exact procedure is missing which should be discussed in RAN1, as it was briefly discussed within RAN1#106b-e. So, in summary the issue is that in addition to legacy rsrp-ThresholdSSB (to select SSB, denote as TN), and legacy rsrp-ThresholdSSB-SUL (to select NUL vs SUL, denote as TS), only one new threshold is allowed (denote as TR) which has to serve determination of repetition demand in NUL, and also SUL. 
One simple solution to this problem is to assume that the newly configured threshold is only associated with NUL, and it determines whether or not UE should demand for Msg3 repetition on NUL. More precisely, if the measured RSRP over the pathloss RS (denote as Tp) is smaller than rsrp-ThresholdSSB-SUL, it is up to UE implementation to switch to SUL without repetition or to stay in NUL with or without repetition demand, depending on Tp smaller or larger than TR, respectively. An alternative solution is to implicitly indicate UE on whether repetition over SUL is allowed or not, and if allowed under what threshold. We have the following proposal:   
Proposal 3: UE is implicitly indicated, based on relative values of TS and TR to select the UL carrier and whether on that carrier repetition is demanded or not.
· If TS < TR, UE is indicated once SUL is selected (Tp < TS), UE shall demand Msg3 repetition on SUL
· If TS > TR, UE is indicated once SUL is selected (TR < Tp < TS,), UE shall not demand Msg3 repetition on SUL

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

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
· A reserved bit in DCI 1-0 to indicate repurposing some of the bit fields in RAR UL grant, and
· Support of Alt2. 
 
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: UE is implicitly indicated, based on relative values of TS and TR to select the UL carrier and whether on that carrier repetition is demanded or not.
· If TS < TR, UE is indicated once SUL is selected (Tp < TS), UE shall demand Msg3 repetition on SUL
· If TS > TR, UE is indicated once SUL is selected (TR < Tp < TS,), UE shall not demand Msg3 repetition on SUL

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
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