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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#106bis e-meeting, issues pertaining Msg3 PUSCH repetition, including the down selection from alternative schemes for indicating Msg3 PUSCH repetition number and the available slot determination for Msg3 repetition, were extensively discussed reaching following agreements.
	RAN1#106bis-e chairman’s notes [1]:
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.
Agreement 
Include the following into the reply LS to R1-2108712(R2-2109195). 
RAN1 thinks at least the number of preambles per SSB per RO for request of Msg3 repetition, i.e., CB-PreamblesPerSSB, is needed. It’s up to RAN2 whether to indicate the start of preamble index for request of Msg3 repetition with shared RO. 
Agreement 
Include the following into the reply LS to R1-2108712(R2-2109195). 
· 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. 
· prach-ConfigurationIndex
· msg1-FDM
· msg1-FrequencyStart
· zeroCorrelationZoneConfig
· totalNumberOfRA-Preambles
· ssb-perRACH-OccasionAndCB-PreamblesPerSSB
· FFS: rsrp-ThresholdSSB 
· rsrp-ThresholdSSB-SUL
· prach-RootSequenceIndex
· msg1-SubcarrierSpacing
· restrictedSetConfig
· msg3-transformPrecoder
Conclusion 
There is no consensus to additionally support intra-slot frequency hopping for Msg3 PUSCH with repetition in Rel-17. 
Note: intra-slot FH is supported when a UE is scheduled Msg3 PUSCH without repetition.
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 
If UE is indicated with Msg3 PUSCH with repetition, the frequency hopping flag information field in UL RAR grant or DCI format 0_0 with CRC scrambled by TC-RNTI is reused to enable/disable inter-slot frequency hopping.
Agreement 
The Rel-15/16 Msg3 PUSCH collision handling rules are reused for transmission of Msg3 PUSCH repetition in an available slot. 
· FFS whether collision with downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated is an exceptional case, i.e., Msg3 PUSCH repetition cannot be canceled by downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated in Rel-17. 
· FFS: Rel-17 Msg3 PUSCH collision rules are also applied if introduced in other WI(s)


In this contribution, we discuss the remaining issues about the configuration of Msg3 PUSCH repetition including the feasibility of the separate RACH occasion configuration, the indication of Msg3 repetition number, the available slot determination and whether joint channel estimation should be supported for Msg3 repetition. 
2. Discussion
1. 
2. 
2.1. PRACH resources for requesting Msg3 PUSCH repetition
Rel-17 CE UEs can send Msg1 via separate PRACH resources to request scheduling of Msg3 repetitions. The separate PRACH resources could be configured from the PRACH preambles in shared RACH occasions or in separate RACH occasions, similar to using separate PRACH resources for differentiating 2-step RACH and 4-step RACH. It has been agreed to use separate preambles in shared ROs for requesting Msg3 repetition in RAN1 #105e meeting. The detailed configurations, such as supporting RO mask, and coexisting with other Rel-17 features will be discussed in RAN2.
Separate ROs could be configured as another scheme for RACH procedure with Msg3 PUSCH repetition to avoid the PRACH preamble partitioning in a shared RO, which is essential as there are multiple Rel-17 features requiring early indication via separate PRACH resources and they may coexist in the same cell. 
One issue to support separate RO for requesting Msg3 repetition is that the RA-RNTI may overlap with legacy RA-RNTI. For example, when the separate ROs for Msg3 PUSCH repetition are FDMed with ROs for legacy 4-step RACH, since RA-RNTI is calculated by the logic index of RO counted within each RO configuration, thus two ROs with different frequency resources in different RO configurations, may correspond to the same RA-RNTI, which results in the confusion between NW and UEs. Hence, a new RNTI computation is necessary when ROs associated with Msg3 PUSCH repetition are separately configured. Note that, the separate RNTI computation, i.e. MSGB-RNTI, has been introduced for 2-step RACH for the case that separate ROs are configured for 2-step RACH. According to the definition of RA-RNTI for legacy 4-step RACH, only a part of values within RA-RNTI value range is associated to the configured RO resources. Thus, the remaining values could be defined as RNTI for Msg3 repetition when separate ROs are configured. The detailed design of the new RNTI calculation method can be discussed by RAN2.
[bookmark: _Hlk71388720]Proposal 1: Separate ROs for requesting Msg3 repetition should be supported. 
Proposal 2: A new RA-RNTI calculation method should be supported and further discussed in RAN2 to avoid RA-RNTI overlapping issue.
2.2. Indication of Msg3 PUSCH repetition
In RAN1 #106bis-e meeting, two alternative schemes to be down-selected for indicating the repetition factor of Msg3 PUSCH repetition have been agreed. These two alternative schemes reinterpret 2 different bit fields in RAR UL grant, i.e. TDRA and MCS fields, to indicate both the legacy parameters and the repetition factors simultaneously.
The field size of MCS is 4bits in UL grant, while the field size of MCS is 5bits in DCI format 0-0 scrambled with TC-RNTI. There would be extra specification efforts for the design of Msg3 retransmission signalling if MCS bit field is used to indicate the Msg3 repetition number. From the implementation complexity perspective, UEs requesting or not requesting Msg3 PUSCH repetition are expected to apply a unified criterion to interpret UL grant for minimizing the UE implementation complexity. MCS based indication scheme introduces an MCS bit field interpretation criterion, while TDRA bit field could be interpreted according to Rel-16 PUSCH repetition Type A criterion without increasing the UE implementation complexity. Furthermore, a large payload may be transmitted in Msg3, e.g., for data transmission with a payload size up to hundreds of bits. This may require the grant for Msg3 with high MCS, meaning that the MCS values that can be used should not be too restrictive and at least QPSK modulation corresponding to MCS 0~7 should be supported. On top of above, from the forward compatibility aspect, reusing the existing bit field (e.g. MCS bit filed) in DCI is not pursued as the L1 signalling is more expensive than the RRC signalling and should be reserved for more important features requiring L1 indication in future.
According to the analysis above, the high order MCS is needed for Msg3 repetition with large payload. 
Observation 1: For indicating number of repetitions of Msg3, MCS based indication requires more additional specification efforts.
Observation 2: For indicating number of repetitions of Msg3, MCS based indication scheme increases UE implementation complexity.
Observation 3: The high order MCS is needed for Msg3 PUSCH repetition with large payload, and MCS based indication will make the MCS values too restrictive.
Observation 4: For indicating number of repetitions of Msg3, MCS based indication scheme is not forward compatible compared to TDRA based indication.
In Rel-16, the repetition factors of PUSCH repetition Type A is determined through TDRA bit field indicating a row of TDRA table together with other time domain resource allocation parameters, such as mapping type, K2, start symbol, number of symbols. It is straightforward to reuse the similar mechanism, configuring a new TDRA table including the repetition number in SIB1, to indicate the repetition factor of Msg3 PUSCH repetition. In NR up to Rel-16, default TDRA table or a TDRA list configured in SIB1 can be used for time domain resource allocation for Msg3 transmission without repetition. For Msg3 repetition, the available slots, including slots with flexible symbols and UL slots, will be determined based on the common TDD UL/DL signalling and the positions of actual transmitted SSBs. Therefore, there is no need to maintain the legacy TDRA table, and with a new TDRA table with repetition numbers for Msg3 repetition scheduling there is little loss of flexibility compared to full-fledged indication in UL grant.
[bookmark: _GoBack]A modified TDRA table with Msg3 repetition numbers can be configured via system information. A straightforward way is to reuse the RRC signalling format defined for PUSCH repetition Type A in Rel-16. For the Rel-15/16 default TDRA table, different TDRA combinations of mapping type, K2 and SLIV are included for different slot conditions in single Msg3 transmission. When Msg3 PUSCH repetition is needed for UEs with coverage issue, it is also expected to allocate OFDM symbols in the available slots as many as possible. Therefore, some TDRA combinations in the default table, such as {mapping type A, K2=j, S=0, L=14} indicated in the first row of the default TDRA table, is more likely to be configured with different repetition numbers. If more efficient TDRA table configuration is required, each row of the new TDRA table can be configured by a combination of {row-idx, repetition factor}, where the row-idx indicates {mapping type, k2, S, L} corresponding to the row index in legacy default TDRA table in Rel-15/16. Based on this configuration mechanism, 3 bits information for indicating repetition number from the value set {1, 2, 3, 4, 7, 8} and 4 bits row index corresponding to one row legacy default TDRA table are required to indicate a row of the new TDRA table. The total overhead for configuring the new 16-rows TDRA information via SIB is (3+4)*16=112 bits.
For indication of Msg3 PUSCH repetition in a modified TDRA table, it's better to add two columns after the last column so that a more flexible configuration of the repetition factors can be allowed in combination with other TDRA parameters. As an example, configuring two additional parameters per row (one is 'actual row index for determination of K2, S, L and mapping type', the other parameter is 'Msg3 repetition number') is illustrated in Table 1.
Table 1. An example of the modified TDRA table for Msg3 PUSCH repetition
	Row index
	PUSCH mapping type
	K2
	S
	L
	Actual row index for determining parameters other than repetition factor of Msg3
	Repetition factor of Msg3

	1
	Type A
	j
	0
	14
	1
	1

	2
	Type A
	j
	0
	12
	1
	2

	3
	Type A
	j
	0
	10
	1
	4

	4
	Type B
	j
	2
	10
	1
	8

	5
	Type B
	j
	4
	10
	8
	1

	6
	Type B
	j
	4
	8
	8
	2

	7
	Type B
	j
	4
	6
	8
	4

	8
	Type A
	j+1
	0
	14
	8
	8

	9
	Type A
	j+1
	0
	12
	3
	2

	10
	Type A
	j+1
	0
	10
	3
	4

	11
	Type A
	j+2
	0
	14
	3
	8

	12
	Type A
	j+2
	0
	12
	12
	2

	13
	Type A
	j+2
	0
	10
	12
	4

	14
	Type B
	j
	8
	6
	12
	8

	15
	Type A
	j+3
	0
	14
	16
	2

	16
	Type A
	j+3
	0
	10
	16
	4



Proposal 3: TDRA based scheme (Alt. 1) is preferred for Msg3 repetition number indication.
· Repetition number of Msg3 PUSCH repetition is indicated by a TDRA field corresponding to a new modified TDRA table configured in SIB1.
· Each row of the new modified TDRA table can be configured by a combination of {row-idx, repetition factor}, where the actual row-idx indicates {mapping type, k2, S, L} in the legacy default TDRA table.
Observation 5: The additional payload of the modified TDRA table in SIB1 is 112 bits, if each row of the additional items is configured by the combination of a 4-bit row index of the legacy default TDRA table and a 3-bit Msg3 repetition factor indicator.
Since separate PRACH resources are used to trigger RACH procedure with Msg3 repetition, gNB can provide separate RAR MAC SubPDUs for different PRACH preambles detected or for separate ROs (if supported). Rel-17 CE UEs which have requested Msg3 repetition can interpret RAR UL grants according to the corresponding RNTI or RAPID. For Msg3 repetition triggered through separate preambles, RAPID, which is associated with the preamble UE transmitted, is delivered together with the UL grant in RAR MAC SubPDU. If the RAPID, corresponding to the preamble Rel-17 CE UE transmitted for requesting Msg3 PUSCH repetition, is detected in a RAR MAC SubPDU, Rel-17 CE UE interprets the UL grant using the new modified TDRA table. Similarly, for Msg3 repetition triggered through separate ROs, Rel-17 CE UE monitors RAR using separate RNTIs. If detected, Rel-17 CE UE interprets the UL grant using the new modified TDRA table.
Proposal 4: The predefined rule without dynamic indication in Msg2 (Option 1) should be adopted for CE UE to determine the way of TDRA bit field interpretation.
· If CE UE detects RAPID associated with the separate preamble for Msg3 repetition in the shared RO, or if CE UE detects RAR using new RNTI associated with separate RO for Msg3 repetition, the new TDRA table is used to determine the time domain resources and the repetition number;
· Otherwise, Rel-15/16 TDRA table is used.
Msg3 retransmission is scheduled by DCI format 0_0 scrambled with TC-RNTI. In DCI format 0_0 scrambled with TC-RNTI, the bit width of MCS is 5 bits, which is different from the bit width in RAR UL grant. Therefore, further discussions are needed for the repetition number indication in Msg3 retransmission if MCS based indication is used. For TDRA based repetition number indication, the TDRA table with repetition number indication defined in the initial transmission can be reused in the Msg3 retransmission scheduling if UE has sent Msg1 requesting for Msg3 repetition. No additional work for indication of number of repetitions for Msg3 retransmission is needed.
Proposal 5: The TDRA table for Msg3 PUSCH retransmission should be same as that used for Msg3 initial transmission. 
· If UE requires Msg3 PUSCH repetition, TDRA table with repetition number is used when parsing DCI format 0_0 scrambled with TC-RNTI;
· Otherwise, Rel-15/16 TDRA table is used.
2.3. Determination of available slots for Msg3 PUSCH repetition
In RAN1 #106bis-e meeting, it has been agreed that “The Rel-15/16 Msg3 PUSCH collision handling rules are reused for transmission of Msg3 PUSCH repetition in an available slot”. The available slots for Msg3 PUSCH repetition are determined as UL slots and the slots containing the flexible symbols which is indicated by TDD-UL-DL-Configcommon. Furthermore, in RAN1 105e, it has been agreed that available slot determination for Msg3 PUSCH repetition does not depend on dynamic SFI or UL CI or TDD-UL-DL-ConfigDedicated. Regarding to the agreements above, gNB has to schedule the resources to avoid the collision between Msg3 PUSCH repetition and DL transmission over the slots determined as available slots by TDD-UL-DL-Configcommon and changed to be DL slots by TDD-UL-DL-ConfigDedicated. For contention based random access with Msg3 PUSCH repetition, gNB has no idea to identify which kind of state Rel-17 CE UE stays at, e.g. initial access for RRC_IDLE or UL non-synchronised during RRC_CONNECTED. Therefore, gNB should schedule the resources according to the available slots determined by TDD-UL-DL-Configcommon. Rel-17 CE UE should transmit Msg3 PUSCH repetition based on the same understanding of the available slots, regardless whether TDD-UL-DL-ConfigDedicated is acquired at UE.
[bookmark: _Hlk83908310]Proposal 6: There is no need to introduce new cancellation rule for the determined available slots for Msg3 PUSCH repetitions.

2.4. Joint channel estimation for Msg3 PUSCH repetition
In Rel-17, joint channel estimation over multiple UL slots has been designed for CONNECTED UE. However, for Rel-17 CE UE, gNB does not know whether Rel-17 CE UE requesting for Msg3 repetition has the capability of joint channel estimation. And to support such JCE for Msg3 repetitions, additional specification efforts are required, such as indicating UE capability via Msg1, and signalling of TDW configuration via system information. Considering that the maximum number of repetitions agreed so far for Msg3 is 8, with inter-slot frequency hopping enabled, the coverage gain would be limited from joint channel estimation. Therefore, joint channel estimation is not supported for Msg3 PUSCH repetition.
Proposal 7: Joint channel estimation is not supported for Msg3 PUSCH repetition.
3. Conclusion
In this contribution, we discuss the remaining issues on detailed design of Msg3 PUSCH repetition, and we have following observations and proposals: 
Observation 1: For indicating number of repetitions of Msg3, MCS based indication requires more additional specification efforts.
Observation 2: For indicating number of repetitions of Msg3, MCS based indication scheme increases UE implementation complexity.
Observation 3: The high order MCS is needed for Msg3 PUSCH repetition with large payload, and MCS based indication will make the MCS values too restrictive.
Observation 4: For indicating number of repetitions of Msg3, MCS based indication scheme is not forward compatible compared to TDRA based indication.
Observation 5: The additional payload of the modified TDRA table in SIB1 is 112 bits, if each row of the additional items is configured by the combination of a 4-bit row index of the legacy default TDRA table and a 3-bit Msg3 repetition factor indicator.
Proposal 1: Separate ROs for requesting Msg3 repetition should be supported. 
Proposal 2: A new RA-RNTI calculation method should be supported and further discussed in RAN2 to avoid RA-RNTI overlapping issue.
Proposal 3: TDRA based scheme (Alt. 1) is preferred for Msg3 repetition number indication.
· Repetition number of Msg3 PUSCH repetition is indicated by a TDRA field corresponding to a new modified TDRA table configured in SIB1.
Each row of the new modified TDRA table can be configured by a combination of {row-idx, repetition factor}, where the actual row-idx indicates {mapping type, k2, S, L} in the legacy default TDRA table. 
Proposal 4: The predefined rule without dynamic indication in Msg2 (Option 1) should be adopted for CE UE to determine the way of TDRA bit field interpretation.
· If CE UE detects RAPID associated with the separate preamble for Msg3 repetition in the shared RO, or if CE UE detects RAR using new RNTI associated with separate RO for Msg3 repetition, the new TDRA table is used to determine the time domain resources and the repetition number;
· Otherwise, Rel-15/16 TDRA table is used.
Proposal 5: The TDRA table for Msg3 PUSCH retransmission should be same as that for Msg3 initial transmission. 
· If UE requires Msg3 PUSCH repetition, TDRA table with repetition number is used when parsing DCI format 0_0 scrambled with TC-RNTI;
· Otherwise, Rel-15/16 TDRA table is used.
Proposal 6: There is no need to introduce new cancellation rule for the determined available slots for Msg3 PUSCH repetitions.
Proposal 7: Joint channel estimation is not supported for Msg3 PUSCH repetition.
References
[1] [bookmark: _Ref20768699]3GPP RAN1 #106bis e-Meeting, RAN1 Chairman’s Notes, October 11th –20th, 2021.


8/8
