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Introduction
In this contribution, we shall discuss our views on Type-A PUSCH repetition for Msg3. In particular, we are discussing repetition request by UE, repetition indication by gNB, spatial domain transmission relation, frequency hopping support, and UE capability indication in RACH. 
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In some scenarios when a majority of UEs is not in the cell edge, it might not be efficient in terms of resource usage if the network always configures Msg3 repetition. On the other hand, in some other scenarios when a good portion of the UEs is in the cell edge, it might make sense if the network always configures Msg3 repetition. Typically, the network does not know whether a UE needs Msg3 repetition or not. From UE point of view, by measuring some downlink reference signal, it should approximately know if it needs Msg3 repetition. One possible approach to indicate such need is via PRACH. This request from UE can be combined with the capability indication for Msg3 repetition (i.e. UE sends the indication via PRACH only if both conditions are met: it needs Msg3 repetition, and it has the capability)
Proposal 1: The UE indicates the need for Msg3 repetition via PRACH. 
· Requesting the Msg3 repetition by UE can also implicitly indicate the UE capability of Msg3 repetition.
· Requesting the Msg3 repetition by UE can carry information to support gNB determining repetition.
Now by PRACH detection, the network may understand that the Msg3 repetition should be supported. However, it is still not clear for the network on the number of repetitions it should configure efficiently. One of the possible ways is to configure the number of repetitions at the maximum number of repetitions. However, such configuration may be too high for some deployments and some UEs in the cell, leading to an inefficient resource usage and an unnecessary UE transmission (impacting UE power consumption). Therefore, it would be efficient to configure the number of repetitions at a reasonable level (even without repetition) in the initial Msg3 transmission. If the initial transmission fails, it should be beneficial to correctly set the number of repetitions in the first Msg3 retransmission. From UE viewpoint, the UE can measure some downlink reference signal (e.g., SSB) and power headroom to understand whether repetition is needed or not, and if needed, how many repetitions should be sufficient. Hence, to make first Msg3 transmission successful, the UE can indicate the recommended number of repetitions in some control information associated with the initial Msg3 transmission.
Observation 1: The number of repetitions for the initial Msg3 transmission may be configured at a reasonable number. If the initial transmission fails, the number of repetitions for the first Msg3 retransmission can be correctly configured with feedback from the UE.       
Proposal 2: The UE indicates the recommended number of repetitions in UCI multiplexing with initial Msg3 PUSCH for Msg3 retransmission.
Msg3 PUSCH Repetition Indication by gNB
As we have discussed in Section 2, it is more efficient to decouple configuration on the number of repetitions for the initial Msg3 transmission from the configuration for Msg3 retransmission if any. 
Observation 2: It is more efficient to support separate configurations on the number of repetitions for the initial Msg3 transmission and for the Msg3 retransmission.
Proposal 3: Support separate configurations on the number of repetitions for initial Msg3 transmission and for Msg3 retransmission. 
For initial transmission, the number of repetitions may be indicated in the UL grant scheduling initial Msg3 transmission. One may try to have such indication by explicit bits in the UL grant. However, such explicit indication increases UL grant size for R17 UEs, and hence it is difficult to align and interpret UL grants for UEs in different releases. A promising approach to convey such indication is by re-interpreting field(s) e.g., TPC, CSI request or TDRA in UL grant.   
Proposal 4: For initial Msg3 transmission, the number of repetitions is indicated in UL grant scheduling initial Msg3 transmission by re-interpreting field(s) in UL grant. 
If the initial transmission fails, the number of repetitions for the Msg3 retransmission can be indicated in DCI format 0_0 with CRC scrambled by TC-RNTI. One approach to convey such indication is by repurposing the reserved field e.g., HARQ process number (4 bits) in the DCI.
Proposal 5: For Msg3 retransmission, the number of repetitions is indicated in DCI format 0_0 with CRC scrambled by TC-RNTI. 
Proposal 6: Repurpose reserved field “HARQ process number” in DCI 0_0 with CRC scrambled by TC-RNTI to indicate the number of repetitions for Msg3 retransmission.
Another aspect related to Msg3 PUSCH repetition is RV determination for each repetition within a particular transmission (initial transmission or retransmission). We can follow the same RV determination as currently supported for Type A repetition as defined in Table 6.1.2.1-2 of TS 38.214 (copied below) where a RV pattern is fixed and the RV for the first transmission occasion is indicated by RV field in the DCI. The initial Msg3 transmission is scheduled by RAR which currently does not have RV field. Hence, it is reasonable to assume RV associated with the first repetition of the initial transmission is the first RV of the RV pattern.
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[bookmark: _Hlk61874198]Proposal 7: For the determination of RV for Msg3 PUSCH repetition, use a predefined RV sequence, e.g., [0 2 3 1] for Msg3 PUSCH initial and re-transmission. 
· Use a fixed RV ID for the first repetition of Msg3 PUSCH initial transmission.
· Use a RV ID indicated by “Redundancy version” in DCI format 0_0 with CRC scrambled by TC-RNTI for the first repetition of Msg3 PUSCH re-transmission.

Spatial Domain Transmission Relation
In NR, the spatial domain transmission filter for Msg3 PUSCH transmission may be the same or different from the filter for PRACH transmission in the initial transmission. Furthermore, for retransmission, the UE assumes to use the same filter for PUSCH retransmission as the one used to receive PDCCH carrying DCI format 0_0 with CRC scrambled by TC-RNTI. Now the question is whether all repetition occasions within a particular transmission (initial or retransmission) should use the same spatial domain transmission filter or not. Having the same spatial filters across repetitions within a transmission may simplify the gNB implementation. On the other hand, having different spatial filters across repetitions within a transmission may provide the gNB opportunities to perform beam refinement which may improve Msg4 performance.  
Proposal 8: Consider one of the following options on spatial domain transmission relation for Msg3 PUSCH transmission:
· Option 1: The UE transmits the Msg3 PUSCH repetitions within a transmission (initial transmission or re-transmission) using the same spatial domain transmission relation.
· Option 2: The UE may transmit the Msg3 PUSCH repetitions within a transmission (initial transmission or re-transmission) using the different spatial domain transmission relations.
Frequency Hopping
In Rel-15/16, the frequency hopping is enabled for Msg3 transmission via a frequency hopping flag in RAR as specified in TS 38.213 and copied below. Such frequency hopping is essentially the intra-slot frequency hopping. 
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Now the question is that if intra-slot frequency hopping is enabled, how it should be applied to the repetitions within a transmission. For simplicity, the UE may assume the same starting RB and the same frequency offset for Msg3 PUSCH repetitions within a transmission.
Proposal 9: Support intra-slot frequency hopping for Msg3 PUSCH repetitions in initial and re-transmission. 
· When intra-slot frequency hopping is configured, the UE assumes the same starting RB and the same frequency offset across Msg3 PUSCH repetitions. 
· Intra-slot frequency hopping and inter-slot frequency hopping are not enabled at the same time.
· Use the existing field “Frequency hopping flag” in RAR for Msg3 initial transmission and DCI format 0_0 with CRC scrambled by TC-RNTI for Msg3 retransmission for indicating intra-slot frequency hopping.  
In addition to the intra-slot frequency hopping, it was agreed in RAN1#104e that inter-slot frequency hopping between repetitions is also supported.
	Agreements:
Support inter-slot frequency hopping for repetition of Msg3 initial and re-transmission.
FFS details, e.g., signaling etc.



Regarding signalling to configure the UE with inter-slot frequency hopping, we can indicate such configuration by reinterpreting a field in UL grant scheduling initial Msg3 transmission for Msg3 initial transmission and repurposing the reserved field “New data indicator” in DCI format 0_0 with CRC scrambled by TC-RNTI for Msg3 retransmission.
Proposal 10: Indicate inter-slot frequency hopping flag by
· Reinterpreting a field in UL grant scheduling initial Msg3 transmission for Msg3 initial transmission,  
· Repurposing the reserved field “New data indicator” in DCI format 0_0 with CRC scrambled by TC-RNTI for Msg3 retransmission.

UE Capability Indication
It is possible that some UEs may support Msg3 repetitions (e.g., some Rel-17 UEs) while the others (some Rel-17 UEs and legacy UEs) may not. Hence, it is necessary to have some mechanism for UE to indicate the gNB whether the UE supports Msg3 or not. Such indication can be provided in Msg1 or in UCI multiplexing with Msg3 PUSCH.
Proposal 11: Consider the following options for UE to indicate its capability of supporting Type-A PUSCH repetition for Msg3:
· Option 1: Msg1
· Option 2: UCI multiplexing with Msg3 PUSCH.
Other Considerations
WID [1] also has scope for Type A PUSCH repetition enhancements e.g., 
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Joint channel estimation
Furthermore, there was some discussion in RAN1#104 on whether TB transmission over multi-slot PUSCH (TBoMS) can also be applicable to Msg3 repetition. From our perspectives, counting repetitions based on the available UL slots and on increasing the number of repetitions are possible for Msg3 enhancements. However, we can further discuss these aspects when design for the corresponding enhancements is in a good shape. On the other hand, having joint channel estimation and TBoMS features for Msg3 is not desirable since these features may be implementable for a subset of feature-capable Rel-17 UEs. Furthermore, Msg3 is in initial access while most UE capabilities are indicated after initial access. Hence, we proposed to not support joint channel estimation and TBoMS for Msg3. Hence, we make the following proposals:   
Proposal 12: Discuss further whether the enhancements on PUSCH repetition type A are also applied to Msg3 PUSCH repetition after the enhancements have more clarity.
Proposal 13: Do not support TBoMS and joint channel estimation across PUSCH repetitions for Msg3 enhancement.
Conclusion 
This contribution discusses our views on PUSCH repetitions for Msg3. In particular, we have made the following observations and proposals:
On PUSCH repetition indication by UE
Observation 1: The number of repetitions for the initial Msg3 transmission may be configured at a reasonable number. If the initial transmission fails, the number of repetitions for the first Msg3 retransmission can be correctly configured with the feedback from the UE.       
Proposal 1: The UE indicates the need for Msg3 repetition via PRACH. 
· Requesting the Msg3 repetition by UE can also implicitly indicate the UE capability of Msg3 repetition.
· Requesting the Msg3 repetition by UE can carry information to support gNB determining repetition.
Proposal 2: The UE indicates the recommended number of repetitions in UCI multiplexing with initial Msg3 PUSCH for Msg3 retransmisison.
On PUSCH repetition indication by gNB
Observation 2: It is more efficient to support separate configurations on the number of repetitions for the initial Msg3 transmission and for the Msg3 retransmission.
Proposal 3: Support separate configurations on the number of repetitions for initial Msg3 transmission and for Msg3 retransmission. 
Proposal 4: For initial Msg3 transmission, the number of repetitions is indicated in UL grant scheduling initial Msg3 transmission by re-interpreting field(s) in UL grant. 
Proposal 5: For Msg3 retransmission, the number of repetitions is indicated in DCI format 0_0 with CRC scrambled by TC-RNTI. 
Proposal 6: Repurpose reserved field “HARQ process number” in DCI 0_0 with CRC scrambled by TC-RNTI to indicate the number of repetitions for Msg3 retransmission.
Proposal 7: For the determination of RV for Msg3 PUSCH repetition, use a predefined RV sequence, e.g., [0 2 3 1] for Msg3 PUSCH initial and re-transmission. 
· Use a fixed RV ID for the first repetition of Msg3 PUSCH initial transmission.
· Use a RV ID indicated by “Redundancy version” in DCI format 0_0 with CRC scrambled by TC-RNTI for the first repetition of Msg3 PUSCH re-transmission.
On spatial domain transmission relation
Proposal 8: Consider one of the following options on spatial domain transmission relation for Msg3 PUSCH transmission:
· Option 1: The UE transmits the Msg3 PUSCH repetitions within a transmission (initial transmission or re-transmission) using the same spatial domain transmission relation.
· Option 2: The UE may transmit the Msg3 PUSCH repetitions within a transmission (initial transmission or re-transmission) using the different spatial domain transmission relations.
On frequency hopping for PUSCH transmission
Proposal 9: Support intra-slot frequency hopping for Msg3 PUSCH repetitions in initial and re-transmission. 
· When intra-slot frequency hopping is configured, the UE assumes the same starting RB and the same frequency offset across Msg3 PUSCH repetitions. 
· Intra-slot frequency hopping and inter-slot frequency hopping are not enabled at the same time.
· Use the existing field “Frequency hopping flag” in RAR for Msg3 initial transmission and DCI format 0_0 with CRC scrambled by TC-RNTI for Msg3 retransmission for indicating intra-slot frequency hopping.  
Proposal 10: Indicate inter-slot frequency hopping flag by
· Reinterpreting a field in UL grant scheduling initial Msg3 transmission for Msg3 initial transmission,  
· Repurposing the reserved field “New data indicator” in DCI format 0_0 with CRC scrambled by TC-RNTI for Msg3 retransmission.
On UE capability indication
Proposal 11: Consider the following options for UE to indicate its capability of supporting Type-A PUSCH repetition for Msg3:
· Option 1: Msg1
· Option 2: UCI multiplexing with Msg3 PUSCH.
On other considerations
Proposal 12: Discuss further whether the enhancements on PUSCH repetition type A are also applied to Msg3 PUSCH repetition after the enhancements have more clarity.
Proposal 13: Do not support TBoMS and joint channel estimation across PUSCH repetitions for Msg3 enhancement.
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Table 6.1.2.1-2: Redundancy version for PUSCH transmission

rvidindicated by the DCI rvid to be applied to n'" transmission occasion (repetition Type A) or n'
scheduling the PUSCH actual repetition (repetition Type B)
nmod4=0 nmod4=1 nmod4=2 nmod4=3
0 0 2 3 1
2 2 3 1 0
3 3 1 0 2
1 1 0 2 3
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Table 8.2-1: Random Access Response Grant Content field size

RAR grant field Number of bits

Frequency hopping flag 1

14, for operation without shared spectrum channel access

PUSCH frequency resource allocation 12, for operation with shared spectrum channel access

PUSCH time resource allocation 4
MCS 4
TPC command for PUSCH 3
CSl request 1

0, for operation without shared spectrum channel access

ChannelAccess-CPext 2, for operation with shared spectrum channel access





