3GPP TSG RAN WG1 #108-e

  R1-2201926
e-Meeting, February 21st – March 3rd, 2022
Source: 
     Xiaomi 
Title:
Remaining issues on Type A PUSCH repetition for Msg3
Agenda item:    8.8.3
Document for:  Discussion 
1 Introduction
In RAN1#107bis-e meeting, the following agreements on Type A PUSCH repetition for Msg3 were achieved.
	Agreement 
Regarding how a UE should interpret MCS information field for indication of the number of repetitions for the case of CBRA, Option 1 is supported.
·  When a UE requests Msg3 repetition, the repurposed MCS 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 four candidate repetition factors used for repetition indication. 
· When the UE doesn’t request Msg3 repetition (including legacy UE), the legacy MCS information field is applied. gNB schedules Msg3 without repetition for the UE not requesting Msg3 repetition.
Agreement 
The 3 LSB bits of MCS information field in DCI format 0_0 with CRC scrambled by the TC-RNTI is used to indicate one value from 8 candidate MCS indexes for Msg3 retransmission.
· The 8 candidate MCS indexes can be configured by SIB1, MCS 0~7 are applied if the configuration is absent. The first 4 indexes of the 8 candidate MCS indexes are used for initial PUSCH transmission scheduled by RAR UL grant.
Agreement  
For the number of repetitions configured by numberOfMsg3Repetitions, support {1, 2, 3, 4, 7, 8, 12, 16}. 
Conclusion: 
For Rel-17 CE WI, Issue (4~7) in Section 2.6 of R1-2200712 will not be discussed in RAN1 in future meetings, and issue (1~3) in Section 2.6 of R1-2200712 can only be discussed in RAN1 if requested by other WGs. 
Agreement 
All slots are considered as available slots for Msg3 repetition for both FD-FDD UEs and HD-FDD RedCap UEs.

Conclusion 
· Same Tx beam is applied for all repetitions of Msg3 initial transmission scheduled by a RAR UL grant.
· It is up to UE implementation how the Tx beam forms. 
· Same Tx beam is applied for all repetitions of Msg3 re-transmission scheduled by a DCI scrambled with TC-RNTI.
· It is up to UE implementation how the Tx beam forms.
Agreement
· Adopt the text proposal for Clause 7.3.1.1.1 in TS 38.212 h00 as in the Appendix section of R1-2200802.
Agreement
· Adopt the text proposal for Clause 6.1.4.1 in TS 38.214 h00 as in the Appendix section of R1-2200802.
Agreement
· Adopt the text proposal for Clause 8.3 in TS38.213 h00 as in the Appendix section of R1-2200802.



Besides, some RRC parameters are introduced to support type A PUSCH repetition for Msg.3, as shown in the Appendix. In this contribution, remaining issues on support of Type A PUSCH repetitions for Msg3 is to be discussed. 
2 Discussion
2.1 Available slot determination

To reduce the latency of RACH procedure, flexible symbols determined by TDD-UL-DL-ConfigurationCommon should be utilized. While, considering that some of these flexible symbols may be further indicated as DL symbols for other UEs by dedicated signalling, there will be DL and UL transmission collisions between different UEs at gNB side. So, additional explicit indication signalling is needed to further indicate whether flexible slots indicated via TDD-UL-DL-Configurationcommon are available for msg.3 repetitions. During the previous meeting discussion, there are three options proposed for the detailed signalling design.
	Option 1: Introduce 1 bit RRC parameter in SIB1. 
· If the parameter is provided, flexible symbol indicated via TDD-UL-DL-Configcommon is available for Msg3 repetition; otherwise, they are not available.
Option 2: Introduce InvalidSymbolPattern in SIB1. 
· The signaling design of InvalidSymbolPattern is the same as Rel-16.
Option 3: Introduce a bitmap indication in PDCCH with RA-RNTI
· Each bit of the bitmap corresponds to one slot configured with flexible symbols, and indicate whether the associated slot is available or not. 
· FFS how many bits of the bitmap and the detailed association of the bitmap. 


For option 1, it’s not helpful to handling the collision between downlink and uplink transmission when flexible symbols are indicated as available for msg.3 repetition. Besides, the flexibility of gNB scheduling will be restricted to ensure flexible symbol can be well utilized. For option 3, the dynamic signalling can provide more timely and accurate information. But, the additional dynamic signalling overhead can’t be ignored, and the standard workloads will be increased if a new bitmap is introduced. Generally speaking, option 2 following the same design as PUSCH repetition type B in Rel-16 seems more feasible.

Proposal 1: Adopt additional explicit signalling to further indicate the exact available flexible symbols for Msg.3 repetition.

· Introduce Invalidsymbolpattern in SIB1
Furthermore, there may be the following case: Msg.3 is transmitted with repetitions by one UE and PRACH is transmitted by another UE on the overlapping resources. In this case, both Msg.3 and PRACH may not be decoded correctly, which is spectrum and energy inefficient. So, it is better to take the overlapping ROs into consideration when determining available slots for Msg.3 repetitions. In other words, if there is a conflict between valid ROs and resources allocated in a slot for Msg.3 repetition, this slot will be considered as an unavailable slot. The same rule can be reuse for the collision between the Msg.3 repetition and the Msg.A PUSCH.
Proposal 2: For the determination of available slots, take the overlapping valid ROs into consideration.
2.2 Text proposals for PUSCH Type A repetition for Msg.3

TP for time domain resource allocation
For the text changes of time domain resource allocation for PUSCH type A repetition for Msg.3 in section 6.1.2.1 of TS 38.214, we have the following proposal.
Proposal 3: Adopt the following text proposal for PUSCH repetition type A for Msg.3 initial transmission and Msg.3 re-transmission in section 6.1.2.1 of TS 38.214.
	TS 38.214 v17.0.0
6.1.2.1
Resource allocation in time domain

**Unchanged parts are omitted**
For PUSCH repetition Type A, when transmitting PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1, the number of repetitions K is determined as

-
if numberOfRepetitions is present in the resource allocation table, the number of repetitions K is equal to numberOfRepetitions;

-
elseif the UE is configured with pusch-AggregationFactor, the number of repetitions K is equal to pusch-AggregationFactor; 

-
otherwise K=1.
If the UE requests repetition of PUSCH scheduled by RAR UL grant[11, TS38.321], when transmitting PUSCH scheduled by a RAR UL grant or by a DCI format 0_0 with CRC scrambled by TC-RNTI,
-
the 2 MSBs of the MCS information field in the RAR UL grant or in the DCI format 0_0 with CRC scrambled by the TC-RNTI provide a codepoint to determine the number of repetitions K according to Table 6.1.4.1-4, based on whether or not the higher layer parameter numberOfMsg3Repetitions is configured. 
 Table 6.1.2.1-1A: Number of repetition K as a function of 2 MSBs of MCS information field
numberOfMsg3Repetitions is configured
numberOfMsg3Repetitions is not configured
Codepoint

K

Codepoint

K

00

First value of numberOfMsg3Repetition
00

1

01

Second value of numberOfMsg3Repetitions
01

2

10

Third value of numberOfMsg3Repetitions
10
3

11

Fourth value of numberOfMsg3Repetitions
11
4

**Unchanged parts are omitted**


TP for the interpretation of RAR grant field 
For the interpretation of RAR UL grant field in Section 8.2 of TS 38.213, we have the following proposal.
Proposal 4: Adopt the following text proposal for PUSCH repetition type A for Msg.3 initial transmission and Msg.3 re-transmission in section 8.2 of TS 38.213.
	TS 38.213 v17.0.0
8.2
Ransom access response – Type-1 random access procedure

**Unchanged parts are omitted**

A RAR UL grant schedules a PUSCH transmission from the UE. The contents of the RAR UL grant, starting with the MSB and ending with the LSB, are given in Table 8.2-1. 

If the value of the frequency hopping flag is 0, the UE transmits the PUSCH without frequency hopping; otherwise, the UE transmits the PUSCH with frequency hopping.

If the UE requests repetition of PUSCH scheduled by RAR UL grant[11, TS38.321],

- the UE determines the number of repetitions of PUSCH transmission from the from the 2 MSBs of the MCS information field among four candidate values as described in [6, TS 38.214]; and, the UE determines the MCS of the PUSCH transmission from the 2 LSBs of the MCS information field among four candidate indexes as described in [6, TS 28.214]; 
else 
- the UE determines the MCS of the PUSCH transmission from the first sixteen indexes of the applicable MCS index table for PUSCH as described in [6, TS 38.214]. 
**Unchanged parts are omitted**


3 Conclusion
In this contribution, we discuss the mechanisms to support Type A PUSCH repetitions for Msg3. Based on the discussion, our views are summarized as follows.
Proposal 1: Adopt additional explicit signalling to further indicate the exact available flexible symbols for Msg.3 repetition.

· Introduce Invalidsymbolpattern in SIB1
Proposal 2: For the determination of available slots, take the overlapping valid ROs into consideration.
Proposal 3: Adopt the following text proposal for PUSCH repetition type A for Msg.3 initial transmission and Msg.3 re-transmission in section 6.1.2.1 of TS 38.214.
	TS 38.214 v17.0.0
6.1.2.1
    Resource allocation in time domain

**Unchanged parts are omitted**
For PUSCH repetition Type A, when transmitting PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1, the number of repetitions K is determined as

-
if numberOfRepetitions is present in the resource allocation table, the number of repetitions K is equal to numberOfRepetitions;

-
elseif the UE is configured with pusch-AggregationFactor, the number of repetitions K is equal to pusch-AggregationFactor; 

-
otherwise K=1.
If the UE requests repetition of PUSCH scheduled by RAR UL grant[11, TS38.321], when transmitting PUSCH scheduled by a RAR UL grant or by a DCI format 0_0 with CRC scrambled by TC-RNTI,
-
the 2 MSBs of the MCS information field in the RAR UL grant or in the DCI format 0_0 with CRC scrambled by the TC-RNTI provide a codepoint to determine the number of repetitions K according to Table 6.1.4.1-4, based on whether or not the higher layer parameter numberOfMsg3Repetitions is configured. 
 Table 6.1.2.1-1A: Number of repetition K as a function of 2 MSBs of MCS information field
numberOfMsg3Repetitions is configured
numberOfMsg3Repetitions is not configured
Codepoint

K

Codepoint

K

00

First value of numberOfMsg3Repetition
00

1

01

Second value of numberOfMsg3Repetitions
01

2

10

Third value of numberOfMsg3Repetitions
10
3

11

Fourth value of numberOfMsg3Repetitions
11
4

**Unchanged parts are omitted**


Proposal 4: Adopt the following text proposal for PUSCH repetition type A for Msg.3 initial transmission and Msg.3 re-transmission in section 8.2 of TS 38.213.
	TS 38.213 v17.0.0
8.2
Ransom access response – Type-1 random access procedure

**Unchanged parts are omitted**

A RAR UL grant schedules a PUSCH transmission from the UE. The contents of the RAR UL grant, starting with the MSB and ending with the LSB, are given in Table 8.2-1. 

If the value of the frequency hopping flag is 0, the UE transmits the PUSCH without frequency hopping; otherwise, the UE transmits the PUSCH with frequency hopping.

If the UE requests repetition of PUSCH scheduled by RAR UL grant[11, TS38.321],

- the UE determines the number of repetitions of PUSCH transmission from the from the 2 MSBs of the MCS information field among four candidate values as described in [6, TS 38.214]; and, the UE determines the MCS of the PUSCH transmission from the 2 LSBs of the MCS information field among four candidate indexes as described in [6, TS 28.214]; 
else 
- the UE determines the MCS of the PUSCH transmission from the first sixteen indexes of the applicable MCS index table for PUSCH as described in [6, TS 38.214]. 

**Unchanged parts are omitted**


Appendix
· RAN1#107bis-e
Agreement

Introduce the following the RRC parameter for indication of the number of repetitions for PUSCH repetition scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI. 
	WI code
	Sub-feature group
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or 

Cell-specific
	Specification
	Comment

	NR_cov_enh-Core
	Type A PUSCH repetitions for Msg3
	numberOfMsg3Repetitions
	new
	The number of repetitions for PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI
	SEQUENCE (SIZE (4)) OF INTEGER (1,2, 3, 4, 7, 8, 12, 16)
	{1, 2, 3, 4}
	RACH-ConfigCommon
	Cell-specific
	38.331
	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.

Agreements

· For indication of the number of repetitions of Msg3 initial transmission, Alt 2 (i.e., using MCS information field) is adopted. 

· Four candidate MCS indexes can be configured by SIB1 for Msg3 initial transmission. MCS 0~3 are applied if the configuration is absent.

If the four candidate repetition factors are not configured, the default values are {1, 2, 3, 4}. 

Agreement 

For repetition indication for Msg3 re-transmission, Option 1 (i.e., use the same mechanism as supported for Msg3 initial transmission) is adopted. 

FFS: [8] MCS index to be used for Msg3 re-transmission

Working assumption : support repetition for a PUSCH scheduled by RAR UL grant, including both Msg3 PUSCH and CFRA PUSCH. 
· Use the same mechanism of Msg3 PUSCH repetition, when applicable, for CFRA PUSCH with repetitions. 
· No separate CFRA preamble/RO for repetition of CFRA PUSCH is introduced. 
· No additional optimization specific for CFRA PUSCH is considered for CFRA PUSCH with repetition. 
· No additional RAN1 specification impact

Note: UE reports Msg3 repetition capability after initial access. 
Note: The working assumption can be confirmed only if no additional RAN1 specification impact nor optimization specific for CFRA PUSCH.

Agreement

Regarding how a UE should interpret MCS information field for indication of the number of repetitions for the case of CBRA, Option 1 is supported.

·  When a UE requests Msg3 repetition, the repurposed MCS 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 four candidate repetition factors used for repetition indication. 
When the UE doesn’t request Msg3 repetition (including legacy UE), the legacy MCS information field is applied. gNB schedules Msg3 without repetition for the UE not requesting Msg3 repetition.

Agreement  
For the number of repetitions configured by numberOfMsg3Repetitions, support {1, 2, 3, 4, 7, 8, 12, 16}. 


Agreement 
Introduce the following the RRC parameter for indication of the MCS index for PUSCH repetition scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI. 
	WI code
	Sub-feature group
	Parameter name in the spec
	New or existing?
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or 

Cell-specific
	Specification
	Comment

	NR_cov_enh-Core
	Type A PUSCH repetitions for Msg3
	mcs-Msg3Repetition
	new
	Configure eight candidate MCS indexes for PUSCH transmission scheduled by RAR UL grant and DCI format 0_0 with CRC scrambled by TC-RNTI. Only the first 4 configured or default MCS indexes are used for PUSCH transmission scheduled by RAR UL grant.
 
	SEQUENCE (SIZE (8)) OF INTEGER (0..31)


	{0, 1, 2, 3, 4, 5, 6, 7}
	RACH-ConfigCommon
	Cell-specific
	38.331
	Agreements

· For indication of the number of repetitions of Msg3 initial transmission, Alt 2 (i.e., using MCS information field) is adopted. 

· Four candidate MCS indexes can be configured by SIB1 for Msg3 initial transmission. MCS 0~3 are applied if the configuration is absent.

If the four candidate repetition factors are not configured, the default values are {1, 2, 3, 4}. 

Agreement 

For repetition indication for Msg3 re-transmission, Option 1 (i.e., use the same mechanism as supported for Msg3 initial transmission) is adopted. 

FFS: [8] MCS index to be used for Msg3 re-transmission

Working assumption : support repetition for a PUSCH scheduled by RAR UL grant, including both Msg3 PUSCH and CFRA PUSCH. 
· Use the same mechanism of Msg3 PUSCH repetition, when applicable, for CFRA PUSCH with repetitions. 
· No separate CFRA preamble/RO for repetition of CFRA PUSCH is introduced. 
· No additional optimization specific for CFRA PUSCH is considered for CFRA PUSCH with repetition. 
· No additional RAN1 specification impact

Note: UE reports Msg3 repetition capability after initial access. 
Note: The working assumption can be confirmed only if no additional RAN1 specification impact nor optimization specific for CFRA PUSCH.

Agreement 
The 3 LSB bits of MCS information field in DCI format 0_0 with CRC scrambled by the TC-RNTI is used to indicate one value from 8 candidate MCS indexes for Msg3 retransmission.
The 8 candidate MCS indexes can be configured by SIB1, MCS 0~7 are applied if the configuration is absent. The first 4 indexes of the 8 candidate MCS indexes are used for initial PUSCH transmission scheduled by RAR UL grant.


