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Introduction
In the RAN1#106 meeting, the enhancements on the type A PUSCH repetition for Msg 3 was discussed. And several agreements have been achieved [1]. The agreements are listed in the correspondent sections.

In this contribution, we provide our views on the support of enhancements studied for PUSCH, indication of repetition numbers, differentiation of CE UEs and legacy UEs. 
Discussion
1 
2 
Support of enhancements studied for PUSCH
The enhancement of Type A PUSCH repetitions of Msg 3 was captured in the WID. The enhancements of the Msg 3 should follow the mechanisms of PUSCH type A repetition at least for the mechanisms of counting based on the available UL slots. The maximum number of repetitions of Msg 3 is not necessarily same as the PUSCH, since the Msg 3 have a much larger coverage than PUSCH according to the study in SI. 

In the 106e meeting, the agreements related to the available slots had been achieved.
	Agreement
· The available slot of Msg3 PUSCH repetition is only determined by the tdd-UL-DL-ConfigurationCommon and ssb-PositionsInBurst, no other additional Rel-16 signals/signalings will be considered. 
· If a symbol for Msg3 repetition in a slot overlaps with SSB transmission [FFS:N Gap symbols after SSB], the slot is determined as not available during the counting of repetitions. As there is no Msg3 repetition in the slot, no Msg3 repetition omission applies to the slot.




For the normal Msg 3 without repetition, it depends on the scheduling in the RAR, which could happen in the flexible symbols depending on the scheduling. For the Msg 3 repetition, the flexible symbols should also be available and not be limited due to the limited numbers of UL slots or symbols in the TDD-UL-DL-Configcommon. 

[bookmark: _Hlk79140124]Proposal 1:
The flexible symbols and slots indicated by TDD-UL-DL-Configcommon should be counted as available symbols for Msg 3 repetitions. 

For the other enhancements to the PUSCH, there is no need to consider to TB processing over multiple slot PUSCH. The process time of Msg 3 could be extended if the TB is allocated to multiple slots. But the joint channel estimation could be considered for the Msg3 if the condition is allowed. As illustrated in [2], repetition of Msg 3 could bring 2.25dB coverage improvement. And the joint channel estimation could bring additional 1.75dB based on 2 slots repetitions. The joint channel estimation could also reduce the repetition number, shortening the procedure of repetitions.

[bookmark: _Hlk79140128]Observation 1:
The joint channel estimation could bring additional 1.75dB coverage gain when 2 slot repetitions are considered.

[bookmark: _Hlk79140133]Proposal 2:
The joint channel estimation should be considered for the enhancements of the coverage of Msg 3, which could reduce the repetition number of Msg 3.
Indication of the number of repetitions for Msg3
In the last meeting, the indication of Msg 3 repetition number for initial transmission and re-transmission was discussed. And a working assumption had been achieved as below. 
	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 size of RAR UL grant cannot be changed from the perspective of backwards compatibility. The fields in the RAR UL grant should be reused as much as possible. As among the multiple fields in the RAR, using the TDRA which including the repetition factors is a straightforward scheme. Different TDRA tables or TDRA table with additional indication of repetition factor are both feasible. And the CE UE and the legacy UE could have a different understanding about the TDRA table. The legacy UEs which do not support the repetition do not need to understand the indication of repetition factors. 

[bookmark: _Hlk79140138]Proposal 3:
The TDRA information field in the RAR UL grant could be used for the indication of repetition factor.

Differentiation between CE UEs and legacy UEs
In the last meeting, the differentiation between CE UE and legacy UE are further discussed. And the agreements are as below. 

	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.




The main difference of the two options is whether to indicate the repetition factor K=1 in the TDRA table. The K=1 is included in the New TDRA table in the option 1. When a UE requests repetition, it expect for receiving a new TDRA table with repetition indications including K=1. The option 2 does not include the repetition factor K=1 in the TDRA table. Then  it needs an additional indication to inform the UE to  use a new TDRA table (which include repetition factor K larger than 1) or a legacy TDRA table (which means that the gNB didn’t schedule the UE with repetitions). This additional indication could be implicit or explicit. This is also a comparison which field could afford to lose some flexibility to support the additional indications. For the option 1, the flexibility is losing for the time domain resource allocation. But there are still frequency domain flexibility could be used for Msg 3. And for the option 2, it is lost for the other fields, such as TPC, MCS or others. Current TPC filed in the UL grant occupies 3 bits which is larger than the normal PUSCH TPC command with 2bits. It could be consider to repurpose the TPC field to provide additional information to indicate no repetitions. The difference between two options is not that much. 

Proposal 4;
The option 1 is slightly preferred, as the flexibility in frequency domain remains for the Msg 3.

Proposal 5:
If the option 2 is chosen, the TPC information field could be repurposed to indicate whether the new or legacy table is used.

Based on current procedure, the CE UE could be identified by the gNB and scheduled for the Msg 3 repetitions. But for parts of CE UE which do not request for the Msg 3 repetitions according to their current situation, they could not be identified as supporting the Msg 3 repetitions. But this Msg 3 enhancement could be useful for further use when the UE has connected with the gNB. Then the reporting of support of Msg 3 PUSCH repetition should be reported after the initial access procedure. 

[bookmark: _Hlk79140150]Proposal 6:
The UE capability of supporting Msg3 PUSCH repetition should be reported after initial access procedure.


The value of the repetition factor

In the last meeting, the value of the repetition factor is further discussed. And the agreements are as below.
	Agreement 
· Support at least repetition factor K = {2, 4} for Msg3 PUSCH repetition. 
·  FFS whether to support other values, e.g., 8. 
· Note: K=1 is supported and how to support K=1 is FFS.  



During the SI, companies had evaluated the bottleneck among the multiple channels. The result shows that the PUSCH of Msg.3 does not face a serious problem for coverage, both in FR1 and FR2. Considering the TDD configuration 7D1S2U as an example, Msg 3 with 8 repetitions requires 40 slots. At least 3 retransmissions could be scheduled for Msg 3 during the same period. Then in such a large repetition factor, the latency is not an advantage compared with retransmissions. While the retransmission could provide more flexibility compared with the repetitions.

Proposal 7
Support repetition factor K={2,4} for Msg3 PUSCH repetition, no need to support other values.
Conclusions
In this contribution, we provide our views on the support of enhancements studied for PUSCH, indication of repetition numbers, differentiation of CE UEs and legacy UEs. The observations and proposals are as below.
Observation 1:
The joint channel estimation could bring additional 1.75dB coverage gain when 2 slot repetitions are considered.

Proposal 1:
The flexible symbols and slots indicated by TDD-UL-DL-Configcommon should be counted as available symbols for Msg 3 repetitions. 

Proposal 2:
The joint channel estimation should be considered for the enhancements of the coverage of Msg 3, which could reduce the repetition number of Msg 3.

Proposal 3:
The TDRA information field in the RAR UL grant could be used for the indication of repetition factor.

Proposal 4;
The option 1 is slightly preferred, as the flexibility in frequency domain remains for the Msg 3.

Proposal 5:
If the option 2 is chosen, the TPC information field could be repurposed to indicate whether the new or legacy table is used.

Proposal 6:
The UE capability of supporting Msg3 PUSCH repetition should be reported after initial access procedure.
Proposal 7
Support repetition factor K={2,4} for Msg3 PUSCH repetition, no need to support other values.


References
[1] Draft Report of 3GPP TSG RAN WG1 #106-e, Online meeting, 16th May – 27th August, 2021

