3GPP TSG RAN WG1 #105-e			R1-2105880
e-Meeting, May 10th – 27th, 2021

Source:	WILUS Inc.
Title:	Discussion on Type A PUSCH repetitions for Msg3
Agenda item:	8.8.3
Document for:	Discussion/Decision

Introduction
In the previous RAN1#104b-e meeting, the following agreements and working assumption were made on Type A PUSCH repetitions for Msg3 [1].
	Agreement at RAN1#104b-e:
For Msg3 PUSCH repetition, support the following modified Option 2-1. 
· Option 2-1: For UE requested triggered Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can request trigger RACH procedure with 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 trigger 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.
Agreement at RAN1#104b-e: 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.
Agreement at RAN1#104b-e: For indication of the number of repetitions for Msg3 re-transmission, Option 1 (i.e., using DCI format 0_0 with CRC scrambled by TC-RNTI) is adopted. 
Working assumption at RAN1#104b-e: 
The number of repetitions is counted on the basis of available slots for Type A PUSCH repetitions for Msg3.
· FFS: the determination of available slots.


In this contribution, we provide our views on Type A PUSCH repetitions for Msg3.
[bookmark: OLE_LINK69]Discussion on Type A PUSCH repetitions for Msg3
[bookmark: _Hlk61820910]Differentiation between CE UEs and legacy UEs.
In the previous RAN1#104b-e meeting, it was agreed to support the separate PRACH resources for differentiation between CE UEs who request the repetition for Msg3 PUSCH and legacy UEs. 
For the next step, a detailed configuration for separate PRACH resources should be discussed and specified.  Note that Rel-16 2-step RACH framework can be reused as a baseline to configure separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions.
In case of separate PRACH occasion, PRACH occasion for CE UEs can be configured in initial UL BWP in SIB1. For example, the initial UL BWP may contain additional RACH-ConfigCommon for CE UEs. It can have full flexibility to configure PRACH resources for CE UE. However, since all PRACH configurations should be configured separately, it may have large impacts on signalling overhead in SIB1. 
In case of separate PRACH preamble in case of shared PRACH occasions after SSB association, PRACH occasions are partially or fully shared with legacy UE. For example, for a given PRACH occasion, PRACH preamble indexes for CE UEs can be configured in SIB1. Compared to separate PRACH occasion, it seems to be more efficient in terms of signalling overhead in SIB1. However, it has less flexibility to configure PRACH resources for CE UEs.
· Proposal 1: Separate PRACH resources can be configured based on Rel-16 2-step RACH framework. 
· Further study how to reduce signalling overhead in SIB1.

Indication of the number of repetitions for initial Msg3 PUSCH transmission.
For indication of the number of for initial Msg3 PUSCH transmission, it was agreed to adopt Option 1 (using UL grant scheduling Msg3), and it was FFS on additionally using MAC RAR for indication.
For indication via UL grant scheduling Msg3, it can further include the following three sub-options.
1) New TDRA table that includes repetition number of Msg3 PUSCH can be configured in SIB1. It can indicate flexibly repetition number as in Rel-16. However, an additional TDRA table configuration in SIB1 may not be desirable in terms of signalling overhead of SIB1. 
2) Indication via N bits in UL grant field. Since there is only 1 reserved bit in “CSI request” field in UL grant, the 1 bit in CSI request field can be used to indicate the repetition number in case of N=1 which is single level of repetition number, i.e., one selection of {no repetition, X number of repetition}. However, in case of N>1, additional N-1 bits in other fields should be further considered to use even if the field has no reserved bit(s). For example, if some bits/codepoints in “FDRA” field can be repurposed to indicate the repetition number since CE UE may be scheduled with small number of PRBs, some of bits/codepoints in FDRA field would be unused for purpose of FDRA indication. Or, if some bits/codepoints in “TPC” field can be utilized to indicate the repetition number since CE UE is more likely to be indicated with high transmission power command, some of bits/codepoints corresponding to low transmission power command can be unused. 
3) Reinterpretation of original bit field without additional signalling. For example, the repetition number can be determined based on combination of Msg3 PUSCH scheduling information in UL grant such as MCS, TPC, etc. However, it may not be easy to define which combination is reinterpreted as the repetition number.
Based on the above discussion, we propose to consider new TDRA table, indication via N bits in UL grant field, or reinterpretation of original bit field without additional signalling for indication of the number of repetitions for initial Msg3 PUSCH transmission via UL grant scheduling Msg3.
· Proposal 2: For initial Msg3 PUSCH transmission, the number of repetitions can be indicated with following methods via UL grant scheduling Msg3.
· New TDRA table.
· Indication via N bits in UL grant field.
· Reinterpretation of original bit field.

Indication of the number of repetitions for Msg3 PUSCH re-transmission.
For Msg3 PUSCH retransmission, it was agreed to adopt Option 1 (using DCI format 0_0 with CRC scrambled by TC-RNTI).
Indication via DCI format 0_0 with CRC scrambled by TC-RNTI is similar to indication via UL grant scheduling Msg3 in initial Msg3 PUSCH transmission. Thus, this option can further include the following sub-options.
1) New TDRA table that includes repetition number of Msg3 PUSCH can be configured in SIB1. It can indicate repetition number flexibly as in Rel-16. However, additional TDRA table configuration in SIB1 may not be desirable in terms of signalling overhead of SIB1.  
2) Indication via N bits in DCI field. Contrary to UL grant scheduling initial Msg3 PUSCH transmission, DCI format 0_0 with CRC scrambled by TC-RNTI has more reserved bits to indicate repetition number of Msg3 PUSCH retransmission. However, it may not a forward compatible way since this field(s) can be used for other purpose in later. Thus, other field in UL grant can also be considered for indication, even there is no reserved bit. For example, if some bits/codepoints in “FDRA” field can be repurposed to indicate the repetition number since CE UE may be scheduled with small number of PRBs, some of bits/codepoints in FDRA field would be unused for purpose of FDRA indication. Or, if some bits/codepoints in “TPC” field can be repurposed to indicate the repetition number since CE UE is more likely to be indicated with high transmission power command so that some of bits/codepoints corresponding to low transmission power command can be unused.
3) Reinterpretation of original bit field without additional signalling. For example, a repetition number can be determined based on combination of Msg3 PUSCH scheduling information in the DCI format such as MCS, TPC, etc. However, it may not be easy to define which combination is reinterpreted as the repetition number.
Based on the above discussion, we propose to consider new TDRA table, indication via N bits in DCI fields, or reinterpretation of original bit field without additional signalling for indication of the number of repetitions for Msg3 PUSCH retransmission.
· Proposal 3: For Msg3 PUSCH retransmission, the number of repetitions can be indicated with following methods via DCI format 0_0 with CRC scrambled by TC-RNTI.
· New TDRA table.
· Indication via N bits in DCI field.
· Reinterpretation of original bit field.

Frequency hopping for Msg3 repetition.
It was agreed in the RAN1#104-e meeting to support inter-slot frequency hopping for repetition of Msg3 initial and retransmission. Inter-slot frequency hopping can provide frequency diversity with less DMRS overhead than intra-slot frequency hopping.
It should be clarified whether to support intra-slot frequency hopping or not for a CE UE who has Msg3 PUSCH repetition capability but is indicated to transmit Msg3 PUSCH without repetitions. In Rel-15/16, intra-slot frequency hopping is already supported for Msg3 PUSCH transmission without repetitions. There is no reason to restrict it for a CE UE. Thus, if a CE UE who has Msg3 PUSCH repetition capability but is indicated to transmit Msg3 PUSCH without repetitions, intra-slot frequency hopping can be supported. Otherwise, a CE UE who has Msg3 PUSCH repetition capability, and is indicated to transmit Msg3 PUSCH with repetitions, inter-slot frequency hopping can be supported.
· Proposal 4: For a CE UE with capability of Msg3 PUSCH repetitions, we propose to support intra-slot frequency hopping for Msg3 PUSCH without repetitions and inter-slot frequency hopping for Msg3 PUSCH with repetitions.

The number of repetitions counted on the basis of available slots for Msg3 PUSCH.
The working assumption was made on the number of repetitions is counted on the basis of available slots for Type A PUSCH repetition for Msg3. This issue is discussed in A.I 8.8.1.1, and can be considered to Msg3 PUSCH since Msg3 PUSCH is also identified as coverage limited channel.
For the determination of available slots, since a UE during initial access procedure is only configured by tdd-UL-DL-ConfigurationCommon, available slots can be determined differently with PUSCH transmissions after RRC connection, which also depends on tdd-UL-DL-ConfigurationDedicated. Since flexible symbols configured by tdd-UL-DL-ConfigurationCommon can be configured as DL symbol by tdd-UL-DL-ConfigurationDedicated, collision can occur if available slot is determined for Msg3 PUSCH repetition based on flexible symbol configured by tdd-UL-DL-ConfigurationCommon. 
[bookmark: _Hlk71668297]However, at least the first repetition of Msg3 PUSCH can be scheduled in flexible symbols even only based on tdd-UL-DL-ConfigurationCommon, since gNB can aware of availability of flexible symbol in a cell. It is worth noting that the flexible symbol by tdd-UL-DL-ConfigurationCommon can be used to indicate the Msg3 PUSCH transmission without repetition in Rel-15/16.
For the remaining repetitions, whether to determine available slot based on only UL symbol or both flexible and UL symbol by tdd-UL-DL-ConfigurationCommon can be further studied regarding potential DL-UL collision.
· Proposal 5: Available slots can be determined based on tdd-UL-DL-ConfigurationCommon for Type A PUSCH repetition for Msg3.
· For the first repetition of Msg3 PUSCH, a flexible symbol by tdd-UL-DL-ConfigurationCommon is used.
· For the remaining repetitions of Msg3 PUSCH, further study whether a flexible symbol by tdd-UL-DL-ConfigurationCommon is used or not.

Conclusion
In this contribution, we provided our views on Type A PUSCH repetitions for Msg3 and the followings were proposed:
· Proposal 1: Separate PRACH resources can be configured based on Rel-16 2-step RACH framework. 
· Further study how to reduce signalling overhead in SIB1.
· Proposal 2: For initial Msg3 PUSCH transmission, the number of repetitions can be indicated with following methods via UL grant scheduling Msg3.
· New TDRA table.
· Indication via N bits in UL grant field.
· Reinterpretation of original bit field.
· Proposal 3: For Msg3 PUSCH retransmission, the number of repetitions can be indicated with following methods via DCI format 0_0 with CRC scrambled by TC-RNTI.
· New TDRA table.
· Indication via N bits in DCI field.
· Reinterpretation of original bit field.
· Proposal 4: For a CE UE with capability of Msg3 PUSCH repetitions, we propose to support intra-slot frequency hopping for Msg3 PUSCH without repetitions and inter-slot frequency hopping for Msg3 PUSCH with repetitions.
· Proposal 5: Available slots can be determined based on tdd-UL-DL-ConfigurationCommon for Type A PUSCH repetition for Msg3.
· For the first repetition of Msg3 PUSCH, a flexible symbol by tdd-UL-DL-ConfigurationCommon is used.
· For the remaining repetitions of Msg3 PUSCH, further study whether a flexible symbol by tdd-UL-DL-ConfigurationCommon is used or not.
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