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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#106 e-meeting, issues pertaining Msg3 PUSCH repetition, including the applicable condition of the shared RO configuration, the alternative schemes for indicating Msg3 PUSCH repetition number and the available slot determination for Msg3 initial transmission were extensively discussed reaching following agreements.
	RAN1#106-e chairman’s notes [1]:
Agreement 
The separate preambles for requesting Msg3 repetition could be configured only in an RO configured with 4-step RACH preambles not for requesting Msg3 repetition.
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. 
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.
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.  
Agreement
· [bookmark: _Hlk83663705]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.



In this contribution, we will further discuss on the configuration of Msg3 PUSCH repetition, including the feasibility of the separate RACH occasion configuration, the indication of Msg3 repetition number, and the available slot determination. We will also discuss the new RRC parameters related with Msg3 PUSCH repetition.
2. Discussion
1. 
2. 
2.1. PRACH resources for requesting Msg3 PUSCH repetition
Based on previous agreements, Rel-17 CE UE sends Msg1 via separate PRACH resources to request scheduling Msg3 repetitions. The separate PRACH resources could be configured from the PRACH preambles in shared RACH occasions or in separate RACH occasions, similar as PRACH resource separation of 2-step RACH configuration. The shared ROs with separate preambles are agreed as one feasible configuration for Msg3 repetition request in the meeting RAN1 105e. The detailed design of preamble partition coexisting with other Rel-17 features will depend on RAN2 design.
The separate ROs could be configured as another scheme for RACH procedure with Msg3 PUSCH repetition to avoid the fragmentation of the preamble resources, especially for the case that the multiple Rel-17 features coexist in the networks. For example, the separate ROs for Msg3 PUSCH repetition are FDMed with ROs for legacy 4-step RACH. RA-RNTI is calculated by the logic index of RO counted within each RO configuration, thus two ROs with different F/T resource 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. The new RNTI calculation method can be discussed by RAN2.
[bookmark: _Hlk71388720]Proposal 1: If separate ROs are configured for requesting Msg3 repetition, a new RNTI computation method is necessary.
· The RNTI calculation can be discussed by RAN2.

2.2. Indication of Msg3 PUSCH repetition
In the last meeting, three alternative schemes have been proposed for indicating the repetition factor of Msg3 PUSCH repetition. These three alternative schemes reinterpret different bitfields in RAR UL grant, such as TDRA, MCS or TPC, to indicate both the legacy parameter and the repetition factors simultaneously.
It has been agreed that the repetition factors {2, 4} can be configured for Msg3 PUSCH repetition, and the method to indicate repetition factor K=1 is FFS. If the repetition factors {1, 2, 4} are supported for dynamic indication, at least 2 bits information is required. To make this feature applicable to more scenarios, repetition factor K=8 can also be supported via the 2 bits indication. Considering the limited payload size for Msg3, the maximum repetition number does not have to be as large as that for legacy type-A PUSCH repetition. Besides, if more repetition numbers are supported, higher overhead is required for configuration/indication.
Proposal 2: The supported numbers of Msg3 repetition are {1, 2, 4, 8}.
[bookmark: _GoBack]The field size of TPC and MCS is 3 bits and 4bits in UL grant, while the field size of TPC and MCS is 2 bits and 5bits in DCI format 0-0 scrambled with TC-RNTI. There would be extra specification efforts for the design of Msg3 retransmission signalling if TPC or MCS bit field are used to indicate the Msg3 repetition number. If 2 bits are required to indicate the Msg3 repetition factor, it is difficult to repurpose TPC field due to limited bitfield length. Besides, the large payload may be transmitted in Msg3, e.g., for data transmission, and the payload can be up to hundreds of bits. It may require the grant for Msg3 with high MCS. The MCS table should not be compressed too much, at least QPSK modulation corresponding to MCS 0~7, should be supported. According to the analysis above, TPC or MCS bit field hardly has enough code points for indicating the repetition number.
Observation 1: Due to different bitfield size for TPC/MCS in RAR UL grant and DCI format 0-0 with TC-RNTI, how to repurpose TPC/MCS (if supported) should be separated discussed for Msg3 initial transmission and retransmission.
In Rel-16, the repetition factors of PUSCH repetition Type A is determined through TDRA table together with other time domain parameters, such as K2, SLIV. 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.
TDRA table with the repetition number for PUSCH repetition Type A in Rel-16 is configured by higher layer information, with 15 bits payload each row. For Msg3 transmission, there is no need for as flexible as that of connected UEs. The legacy TDRA parameter values defined for Rel-15/16 Msg3 transmission can be reused for the new TDRA configurations to reduce the configuration overhead. The simplest solution is to configure the repetition number for each row of the legacy TDRA table. For example, assuming 2 bits are used to indicate four candidate repetition numbers, the payload of TDRA configuration is 2*16=32bits. 
If a more flexible 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. Based on this configuration mechanism, 2 bits information for indicating repetition number 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 table via SIB is (2+4)*16=96 bits. An example of the new TDRA table is provided in Table 1.
Table 1. An example of configured TDRA table for Msg3 PUSCH repetition
	Row index
	Row index from legacy default TDRA table
	Repetition number

	1
	1
	1

	2
	2
	1

	3
	8
	1

	4
	9
	1

	5
	12
	1

	6
	16
	1

	7
	1
	2

	8
	2
	2

	9
	8
	2

	10
	9
	2

	11
	12
	2

	12
	2
	4

	13
	3
	4

	14
	9
	4

	15
	12
	4

	16
	16
	4


Proposal 3: Repetition number of Msg3 PUSCH repetition is indicated by a TDRA filed corresponding to a new TDRA table configured in SIB1.
· 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 the legacy default TDRA table.
Observation 2: The payload of the new TDRA table in SIB1 is 96 bits, if each row of the new TDRA table is configured by the combination of a row index of the legacy default TDRA table and a 2-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 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 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, the default TDRA table in Rel-16 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 and TPC is 5 bits and 2 bits respectively, 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 or TPC 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. No additional work for indication of number of repetitions for Msg3 retransmission is needed.
Proposal 5: For Msg3 PUSCH retransmission, the same TDRA table as that for Msg3 initial transmission is reused.

2.3. Determination of available slots for Msg3 PUSCH repetition
In the last meeting, it has been agreed that the available slots for Msg3 PUSCH repetition is determined depending on TDD-UL-DL-Configcommon and ssb-PositionsInBurst. Whether the slots containing the flexible symbols indicated by TDD-UL-DL-Configcommon can be used for Msg3 PUSCH repetition needs to be further discussed.
In Rel-15/16, the flexible symbols determined by TDD-UL-DL-Configcommon can be rewritten as DL symbol by TDD-UL-DL-ConfigDedicated, or configured with semi-static DL transmission such as PDCCH/CSI-RS, or indicated for DG-PDSCH, which means that a part of flexible symbols cannot be used to transmit Msg3 PUSCH repetition. Due to unaware of the detailed configurations, a collision between Msg3 PUSCH repetitions and DL transmissions would occur, if UE determined the available slots for Msg3 repetition only depending on TDD-UL-DL-Configcommon and the position of SSB.
Although gNB has full picture of how the DL/UL resources are used, it is not easy for gNB to avoid the potential collision considering that the idle/inactive UEs do not have the dedicated configuration on the flexible symbols, and the Msg3 repetitions occupy multiple slots including the slot containing flexible symbols. gNB has to configure semi-static DL transmission on flexible symbols very carefully to avoid potential collisions on each slot with flexible symbol, e.g. configuring semi-static DL transmission within the restricted resources. It also loses the benefit of dynamic TDD, since the motivation of configuring flexible symbols is to provide a higher flexibility to arrange UL/DL resource. Therefore, an explicit indication should be introduced to indicate whether the slots with flexible symbols are available slots for Msg3 PUSCH repetition to avoid potential collisions, while merits of dynamic TDD can be kept.
[bookmark: _Hlk83908310]Observation 3: It is not easy for NW to avoid the potential collisions between Msg3 repetitions and DL transmissions for connected UEs on flexible symbols, if no additional signaling is introduced to indicate the available slots.
[bookmark: _Hlk68562620]For explicit indication, semi-static information on available slots in SIB can be used, but it is still less flexible for networks to allocate the resource for a given scheduling occasion compared to a dynamic indication. The available slot information can be transmitted in DCI format 1-0 scrambled with RA-RNTI such as re-farming the reserved 16 bits. The availability information can be provided as a bitmap. The available slot bitmap is used to indicate whether the slots with flexible symbols configured by TDD-UL-DL-Configcommon in a certain duration is available, and each bit in the bitmap indicates the availability of one or multiple slots.
For example, assuming that the periodicity of TDD-UL-DL-Pattern in TDD-UL-DL-Configcommon is 2.5ms, the availability can be cycled every 2 TDD-UL-DL-Pattern cycles, i.e., 5ms is the indication period. If 5 slots with flexible symbols are determined in this duration, e.g. pattern1 and pattern2 configured in TDD-UL-DL-Configcommon, a bitmap with 5 bits can be used to indicate the whether the corresponding 5 slots are available. For FR2, there could be more flexible slots in an indication period, each bit in the bitmap should indicate the availability information of multiple flexible slots to limit the overhead.
The size for the bitmap in DCI format 1-0 with RA-RNTI can be configured or predefined, the number of slots associated with each bit can be implicitly determined according to the bit size and the number of slots with flexible symbols in the indication period. The indication period can be multiples of periodicity of TDD-UL-DL-Pattern in TDD-UL-DL-Configcommon which can be configurable.
Proposal 6: A bit map in DCI format 1-0 scrambled with RA-RNTI is used to indicate whether the slot with flexible symbols configured by TDD-UL-DL-Configcommon is available in a certain indication period.
· The bitmap size can be configured or predefined;
· The number of slots associated with each bit can be implicitly determined according to the bit size and number of slots with flexible symbols in the indication period;
· The availability information is cycled every indication period, and the indication period is multiple of periodicity of TDD-UL-DL-Pattern in TDD-UL-DL-Configcommon which can be configurable.
Considering semi-static DL configurations will not be changed frequently, the availability slots information in DCI format 1-0 scrambled with RA-RNTI can be valid within current RACH attempt. The available slot pattern is also valid for Msg3 retransmission. There are 5 reserved bits (1 bit new data indicator and 4 bits HARQ process number) in DCI format 0-0 scrambled with TC-RNTI. Thus, the available slot bitmap not larger than 5bits could also be indicated dynamically for Msg3 retransmission.
Proposal 7: For Msg3 retransmission, the available slots for Msg3 retransmission can be determined according to the bitmap in DCI format 0-0 scrambled with TC-RNTI or reused the available slot pattern indicated in Msg3 initial transmission.

2.4. Related RRC parameters for Msg3 PUSCH repetition
Base on the discussion in the previous meetings, the new parameters related with Msg3 PUSCH repetition are summarized in the following table.
Table 2. The summary of RRC parameters related to Msg3 PUSCH repetition
	Parameter Name
	RAN1 spec/ section
	Values range
	New R17 vs extension of R15/16
	Per (UE, cell, TRP, …)
	Broadcast/
dedicated
	Description
	RAN2 spec

	RRC parameters of separate preambles in the shared ROs for Msg3 repetition

	startIndex-CB-PreamblePerSSB-PerSharedRO-Msg3Repetition
	38.213
	INTEGER (2..64)

	New
	Per cell
	Broadcast
	Indicating the start index of CBRA preambles for requesting Msg3 PUSCH
	38.331

	number-CB-PreamblePerSSB-PerSharedRO-Msg3Repetition
	38.213
	INTEGER (1..63)
 
	New
	Per cell
	Broadcast
	Indicating the number of CBRA preambles for requesting Msg3 PUSCH
	38.331

	RRC parameters of separate ROs for Msg3 repetition

	Msg3Repetition-SSB-PerRACH-Occasion
	38.213
	ENUMERATED { oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}
	New
	Per cell
	Broadcast
	Indicating the information about the number of SSBs per RACH occasion. 
	38.331

	Msg3Repetition-NumberOfRA-CB-Preambles
	38.211
	INTEGER (1..63)
	New
	Per cell
	Broadcast
	Indicating the number of preambles used for contention-based 4-step random access procedure with Msg3 repetition when separate ROs are configured.
	38.331

	Msg3Repetition-RO-FDM
	38.211
	ENUMERATED {one, two, four, eight}
	New
	Per cell
	Broadcast
	The number of separate RACH occasions for Msg3 repetition Frequency-Division Multiplexed in one time instance.
	38.331

	Msg3Repetition-RO-FrequencyStart
	38.211
	INTEGER (0..maxNrofPhysicalResourceBlocks-1)
	New
	Per cell
	Broadcast
	Offset of lowest PRACH transmissions occasion in frequency domain with respect to PRB 0.
	38.331

	RRC parameters for configuration of TDRA table with Msg3 repetition numbers

	repetionNumber-TDRA-Msg3Repetition
	38.213
	ENUMERATED {1,2,4,8)
	New
	Per cell
	Broadcast
	Configuring the repetition number of one row in the configured TDRA table for Msg3 PUSCH repetition. repetionNumber-TDRA-Msg3Repetition and rowIndex-TDRA-Msg3Repetition are combined to construct one row of the configured TDRA table.
	38.331

	rowIndex-TDRA-Msg3Repetition
	38.213
	INTEGER (1..16)
	New
	Per cell
	Broadcast
	Configuring the combination of K2, PUSCH mapping type and SLIV of one row in the configured TDRA table for Msg3 PUSCH repetition. The combination of K2, PUSCH mapping type and SLIV is selected from the rows of Rel-15/16 TDRA table for Msg3 transmission.
	38.331

	RRC parameters of the available slot indication

	duration-AvailableIndication-Msg3Repetition
	38.212
	ENUMERATED {1, 2, 4, FFS}
	New
	Per cell
	Broadcast
	The duration of the available slot bitmap is multiple of the periodicity of TDD-UL-DL-Pattern. The start slot aligns with that of pattern1 in TDD-UL-DL-Configcommon.
	38.331

	Size-Bitmap-AvailableIndication-Msg3Repetition
	38.212
	ENUMERATED {1, 2, 4, 5, FFS}
	New
	Per cell
	Broadcast
	Configuring the bit width of the available slot bitmap carried in DCI format 1-0 scrambled with RA-RNTI. Each bit in the bitmap corresponds to one or multiple slots containing flexible symbols within the indication duration. The slots containing flexible symbols is determined according to TDD-UL-DL-Configcommon.
	38.331



3. Conclusion
In this contribution, we discuss the detailed design for Msg3 PUSCH coverage enhancement, and summarize the following observations and proposals: 
Observation 1: Due to different bitfield size for TPC/MCS in RAR UL grant and DCI format 0-0 with TC-RNTI, how to repurpose TPC/MCS (if supported) should be separated discussed for Msg3 initial transmission and retransmission.
Observation 2: The payload of the new TDRA table in SIB1 is 96 bits, if each row of the new TDRA table is configured by the combination of a row index of the legacy default TDRA table and a 2-bit Msg3 repetition factor indicator.
Observation 3: It is not easy for NW to avoid the potential collisions between Msg3 repetitions and DL transmissions for connected UEs on flexible symbols, if no additional signaling is introduced to indicate the available slots.
Proposal 1: If separate ROs are configured for requesting Msg3 repetition, a new RNTI computation method is necessary.
· The RNTI calculation can be discussed by RAN2.
Proposal 2: The supported numbers of Msg3 repetition are {1, 2, 4, 8}.
Proposal 3: Repetition number of Msg3 PUSCH repetition is indicated by a TDRA filed corresponding to a new TDRA table configured in SIB1.
· 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 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, the default TDRA table in Rel-16 is used.
Proposal 5: For Msg3 PUSCH retransmission, the same TDRA table as that for Msg3 initial transmission is reused.
Proposal 6: A bit map in DCI format 1-0 scrambled with RA-RNTI is used to indicate whether the slot with flexible symbols configured by TDD-UL-DL-Configcommon is available in a certain indication period.
· The bitmap size can be configured or predefined;
· The number of slots associated with each bit can be implicitly determined according to the bit size and number of slots with flexible symbols in the indication period;
· The availability information is cycled every indication period, and the indication period is multiple of periodicity of TDD-UL-DL-Pattern in TDD-UL-DL-Configcommon which can be configurable.
Proposal 7: For Msg3 retransmission, the available slots for Msg3 retransmission can be determined according to the bitmap in DCI format 0-0 scrambled with TC-RNTI or reused the available slot pattern indicated in Msg3 initial transmission.
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