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In the RAN1#106b e-meeting [1], the following agreements for Msg3 PUSCH repetition were achieved in the table below.  
	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
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, signaling indication of repetition number and determination of the available slots for Msg3 PUSCH repetition are discussed.  
Potential solutions for Type A PUSCH repetition for Msg3
2.1 Indication of the number of repetitions for Msg3 
2.1.1 Indication of the number of repetitions for Msg3 initial transmission and retransmission 
In RAN1#106 e-meeting, the following working assumption were made:
	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. 



And in RAN1#106b e-meeting, the following working assumption was made:
	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.


It should be noted that, in NR Rel-15/16, the default PUSCH time domain resource allocation A could be used if the pusch-TimeDomainAllocationList is not provided as shown in Table 1. However, if the Alt 1 is applied, in NR Rel-17, it forces the gNB to configure a TDRA table in SIB1. Compared with the case that the TDRA table can be absent, the mandatory TDRA table will increase the signaling overhead of SIB1 in Rel-17. 
Observation 1: Compared with the case that the TDRA table can be absent in SIB1 in Rel-15/16, Alt1 forces the gNB to configure a TDRA table in SIB1 and the mandatory TDRA table will increase the signaling overhead of SIB1.
[bookmark: _Hlk512342368]Table 1: Applicable PUSCH time domain resource allocation for common search space and DCI format 0_0 in UE specific search space
	[bookmark: _Hlk512342651]RNTI
	PDCCH search space
	pusch-ConfigCommon includes pusch-TimeDomainAllocationList
	pusch-Config includes pusch-TimeDomainAllocationList
	PUSCH time domain resource allocation to apply

	PUSCH scheduled by MAC RAR as described in clause 8.2 of [6, TS 38.213] or MAC fallback RAR as described in clause 8.2A of [6, 38.213] or for MsgA PUSCH transmission
	No
	-
	Default A

	
	Yes
	
	pusch-TimeDomainAllocationList provided in pusch-ConfigCommon

	C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI
	Any common search space associated with CORESET 0
	No
	-
	Default A

	
	
	Yes
	
	pusch-TimeDomainAllocationList provided in pusch-ConfigCommon

	C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, SP-CSI-RNTI
	Any common search space not associated with CORESET 0,
DCI format 0_0 in
UE specific search space
	No
	No
	Default A

	
	
	Yes
	No
	pusch-TimeDomainAllocationList provided in pusch-ConfigCommon 

	
	
	No/Yes
	Yes
	pusch-TimeDomainAllocationList provided in pusch-Config



In addition, for Alt 1, the TDRA table will contain multiple rows indicating the same (K2, mapping type and SLIV) and different repetition factors. The repetition factors associated with each rows will be provided by a new field in SIB1. The increased payload of this new field is about 3*16 bits. And, in order to configure the above TDRA table including repetition factors, SIB1 requires to provide multiple duplicate (K2, mapping type and SLIV) configurations, and the multiple duplicate (K2, mapping type and SLIV) configurations are associated one by one with different repetition factors. Compared with the SIB1-configured TDRA table that will not contain same (K2, mapping type and SLIV) in Rel-15/16, multiple duplicate (K2, mapping type and SLIV) configurations result in additional signaling overhead in Rel-17 SIB1. For example, if every two rows in TDRA table indicate the same (K2, mapping type and SLIV), about half of the (K2, mapping type and SLIV) configurations, provided by SIB1, are duplicate, which results in at most 8*13= 104 bits of additional signaling overhead in SIB1.
Observation 2: Compared with the SIB1-configured TDRA table in Rel-15/16, Alt 1 requires the Rel-17 TDRA table to contain multiple rows that indicate same (K2, mapping type and SLIV) and different repetition factors, so that multiple duplicate (K2, mapping type and SLIV) configurations will be provided by SIB1 which results in additional signaling overhead.
Meanwhile, Alt 1 requires Rel-17 CE UEs and legacy UEs share the same (K2, mapping type and SLIV). Due to the limitation of the size of TDRA table, compared with the Rel-15/16 TDRA table, e.g. Default A TDRA table, the gNB could only reserve partial legacy (K2, mapping type and SLIV) in the Rel-17 TDRA table. Obviously, this will impact the flexibility of the time domain resource indication of Rel-15/16 UE.
Observation 3: Alt 1 will impact the flexibility of the time domain resource indication of Rel-15/16 UE.

To indicate the number of repetitions for Msg3 initial transmission, 2 MSB bits of the MCS information field can be used for repetition indication. One subsequent concern is, when the Msg3 PUSCH carries a large TB, e.g. 72 bits, 144 bits and 208 bits, whether MCS 0~3 are sufficient or not. In order to further assess the influence of only reserving MCS 0~3 on the transmission of large TB, the simulation performance of Msg3 PUSCH that carries 72bits, 144 bits and 208 bits have been shown in Figure 1.  The simulation assumption can be found in table 2 and Appendix A. For each kind of TB size, the sum transmission power on all PRBs is the same, and the number of PRBs as well as the MCS are variable. Form Figure 1, it can be observed that, when the number of allocated symbols is 14, for Msg3 PUSCH that carries 72bits, 144bits and 208bits, the performance of (MCS1, 2PRBs), (MCS1, 4PRBs) and (MCS3, 4PRBs) are better than or approximate to the performance of (MCS4, 1PRB), (MCS4, 2PRBs) and (MCS6, 2PRBs).  And, when the number of allocated symbols is 12, for Msg3 PUSCH that carries 72bits, 144bits and 208bits, the performance of (MCS2, 2PRBs), (MCS2, 4PRBs) and (MCS3, 4PRBs) are better than or approximate to the performance of (MCS5, 1PRB), (MCS5, 2PRBs) and (MCS7, 2PRBs). The above observations show that, thanks to the coding gain of the lower coding rate, when Msg3 carrying same payload is transmitted, larger PRB number, lower PSD and lower MCS do not seem to cause performance degradation compared to smaller PRB number, larger PSD and higher MCS. Therefore, for coverage limited UE, the gNB will prefer to schedule lower MCS and MCS 0~3 are sufficient for Msg3 PUSCH transmission.
Observation 4: For power limited UE, under the case that the number of allocated symbols is 14 and the TB size carried by Msg3 PUSCH are 72bits, 144bits and 208bits, the performance of (MCS1, 2PRBs), (MCS1, 4PRBs) and (MCS3, 4PRBs) are better than or approximate to the performance of (MCS4, 1PRB), (MCS4, 2PRBs) and (MCS6, 2PRBs).
Observation 5: For power limited UE, under the case that the number of allocated symbols is 12 and the TB size carried by Msg3 PUSCH are 72bits, 144bits and 208bits, the performance of (MCS2, 2PRBs), (MCS2, 4PRBs) and (MCS3, 4PRBs) are better than or approximate to the performance of (MCS5, 1PRB), (MCS5, 2PRBs) and (MCS7, 2PRBs).
Observation 6: Thanks to the coding gain of the lower coding rate, when Msg3 carrying same payload is transmitted, larger PRB number, lower PSD and lower MCS do not seem to cause performance degradation compared to smaller PRB number, larger PSD and higher MCS.
Proposal 1: MCS information field in RAR UL grant is adopted to indicate the repetition number for Msg3 initial transmission.
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(a) TB = 72bits, L=14                   (b) TB = 144bits, L=14                   (c) TB = 208bits,L=14
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(d) TB = 72bits, L=12                (e) TB = 144bits, L=12                (f) TB = 208bits,L=12
Figure 1. Evaluation results for Msg3 PUSCH carrying large TB

Table 2: Simulation parameter setting for Msg3
	The number of allocated symbols L=14

	
	72 bits
	144 bits
	208 bits

	
	PRBs
	MCS#
	PRBs
	MCS#
	PRBs
	MCS#

	Case 1
	1
	4
	2
	4
	2
	6

	Case 2
	2
	1
	4
	1
	4
	3

	The number of allocated symbols L=12

	Case 3
	1
	5
	2
	5
	2
	7

	Case 4
	2
	2
	4
	2
	4
	3



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2.1.2 How to interpret the information field (legacy or new interpretation) 	
As for how a UE is managed to know whether to use legacy interpretation or new interpretation on the information field indicating the number of repetitions, there are the following two options discussed in RAN1#106-e. 
	Agreements
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. 


Regarding on how to interpreter the information field, option 2 has the same result as option 1, but it introduces additional change to the DCI (for Msg3 retransmission) or RAR (for Msg3 initial transmission). Therefore, option 1 is preferred.
2.1.3 Candidate values for Msg3 initial/re-transmission repetitions
In RAN1#106 e-meeting, the following agreement has been achieved. And, whether to support other values, e.g. 8, need to be further discussed.
	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.


Based on the evaluation results in [3] and [4], about 2 dB gain can be obtained by doubling repetition number at 10% BLER. About 6 dB gain can be obtained by 8 repetitions, which can meet the coverage requirement in FR1. However, the required repetition numbers are different between FR1 and FR2 scenarios. For FR2, a larger repetition number is needed. Considering the forward compatibility, there may be other limited scenarios with a larger gap. Hence, the maximal repetition number for Msg3 PUSCH can be larger than 8, e.g., 16. 
Proposal 2: Support at least repetition factor K = {2, 4, 8} for Msg3 PUSCH repetition. 
Proposal 3: The maximal repetition number for Msg3 PUSCH repetition should be 16. 
2.1.4 Indication of the number of repetitions for Msg3 re-transmission 
Based on the following agreement in RAN#105 e-meeting, to indicate the number of repetitions for Msg3 re-transmission, the down-selection from the following candidate options is needed.
	Agreements: 
For repetition indication of Msg3 re-transmission, select one options from the following two options.
· Option 1: Use the same mechanism as supported for Msg3 initial transmission.
· Option2: Use HARQ process number bit field in DCI format 0_0 with CRC scrambled by TC-RNTI.  


It seems that using the same mechanism as supported for Msg3 initial transmission in Msg3 re-transmission has no obvious disadvantage. And it simplifies the procedure in the specification compared to use different mechanisms. Similar to the initial transmission, partial bits of the existing bit field (e.g. MCS information fields) can be reused to indicate the repetition number in retransmission.  
Proposal 4: For repetition indication of Msg3 re-transmission, the same mechanism can be used to indicate the number of repetition.
2.2 Counting on the basis of available slots for Msg3 repetition
In RAN1#106b e-meeting, the following agreement has been achieved.  One detail is that 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.
	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 Rel-15/16, the Msg3 PUSCH without repetition can be canceled by tdd-UL-DL-ConfigurationDedicated, as showing in following text in TS 38.213.
	If a UE is scheduled by a DCI format to transmit PUSCH over multiple slots, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicates that, for a slot from the multiple slots, at least one symbol from a set of symbols where the UE is scheduled PUSCH transmission in the slot is a downlink symbol, the UE does not transmit the PUSCH in the slot.


However, in Rel-17, for Msg3 PUSCH with repetition, due to the gNB cannot identify whether the UE is with or without tdd-UL-DL-ConfigurationDedicated signaling, the gNB and the UE have a different understanding of whether an Msg3 PUSCH repetition is actual transmitted or not.  In such case, the gNB needs to perform blind detection of the actual transmission of Msg3 repetition before the gNB does the soft combination between each Msg3 repetition. This obviously increases the gNB implementation complexity. Meanwhile, due to the uplink received power of the coverage limited UE is low, the detection of the actual transmission of Msg3 repetition may be inaccurate. The inaccurate detection causes the gNB to ignore the actual transmission of Msg3 repetition or to incorrectly merge a reception that does not belong to the Msg3 repetition, and then impacts the performance. 
There are two possible way to prevent the ambiguity between the gNB and the UE.
Option 1: The gNB has to ensure the Msg3 PUSCH repetition will not be scheduled in Downlink symbol(s) indicated by tdd-UL-DL-ConfigurationDedicated.
Option 2: The Msg3 PUSCH repetition cannot be canceled by downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated in Rel-17
For option 1, such smart scheduling is based on the limitation of the repetitions number indication. Obviously, when the number of repetitions is large, e.g. 4, 8, it is hard for the gNB to completely avoid the collision between Msg3 PUSCH repetition and the downlink symbol(s) indicated by tdd-UL-DL-ConfigurationDedicated. For example, if the cell-specific TDD configuration with more flexible slots, e.g., DFFFU, is configured by tdd-UL-DL-ConfigurationCommon and the UE-specific TDD configuration with less flexible slots, e.g. DDDFU, is configured by tdd-UL-DL-ConfigurationDedicated for a RRC-connected UE, it is impossible for the gNB to ensure the Msg3 PUSCH repetitions with a larger number of repetitions, e.g. 3, 4, 8, will not overlap with downlink symbol(s) indicated by tdd-UL-DL-ConfigurationDedicated. Therefore, option 1 that increases the complexity of scheduling and limits the flexibility of repetitions number indication should not be preferred. 
Observation 7: When the number of repetitions is large, e.g. 4, 8, it is hard for the gNB to completely avoid the collision between the Msg3 PUSCH repetition and the Downlink symbol(s) indicated by tdd-UL-DL-ConfigurationDedicated.

The motivation of option 2 is to prevent the occurrence of ambiguity between the gNB and the UE in the first place. Besides, if the option 2 is applied, the gNB can ensure there is no conflict between the uplink and downlink in an available slot, even though such available slot contains downlink symbol(s) indicated by tdd-UL-DL-ConfigurationDedicated. Therefore, the actual transmission of Msg3 PUSCH repetition in an available slot should not be cancelled by tdd-UL-DL-ConfigurationDedicated. 
Proposal 5: The actual transmission of Msg3 PUSCH repetition in an available slot should not be cancelled by tdd-UL-DL-ConfigurationDedicated.
Conclusions 
Based on the above discussions, the following proposals are made:
Observation 1: Compared with the case that the TDRA table can be absent in SIB1 in Rel-15/16, Alt1 forces the gNB to configure a TDRA table in SIB1 and the mandatory TDRA table will increase the signaling overhead of SIB1.
Observation 2: Compared with the SIB1-configured TDRA table in Rel-15/16, Alt 1 requires the Rel-17 TDRA table to contain multiple rows that indicate same (K2, mapping type and SLIV) and different repetition factors, so that multiple duplicate (K2, mapping type and SLIV) configurations will be provided by SIB1 which results in additional signaling overhead.
Observation 3: Alt 1 will impact the flexibility of the time domain resource indication of Rel-15/16 UE.
Observation 4: For power limited UE, under the case that the number of allocated symbols is 14 and the TB size carried by Msg3 PUSCH are 72bits, 144bits and 208bits, the performance of (MCS1, 2PRBs), (MCS1, 4PRBs) and (MCS3, 4PRBs) are better than or approximate to the performance of (MCS4, 1PRB), (MCS4, 2PRBs) and (MCS6, 2PRBs).
Observation 5: For power limited UE, under the case that the number of allocated symbols is 12 and the TB size carried by Msg3 PUSCH are 72bits, 144bits and 208bits, the performance of (MCS2, 2PRBs), (MCS2, 4PRBs) and (MCS3, 4PRBs) are better than or approximate to the performance of (MCS5, 1PRB), (MCS5, 2PRBs) and (MCS7, 2PRBs).
Observation 6: Thanks to the coding gain of the lower coding rate, when Msg3 carrying same payload is transmitted, larger PRB number, lower PSD and lower MCS do not seem to cause performance degradation compared to smaller PRB number, larger PSD and higher MCS.
Observation 7: When the number of repetitions is large, e.g. 4, 8, it is hard for the gNB to completely avoid the collision between the Msg3 PUSCH repetition and the Downlink symbol(s) indicated by tdd-UL-DL-ConfigurationDedicated.

Proposal 1: MCS information field in RAR UL grant is adopted to indicate the repetition number for Msg3 initial transmission.
Proposal 2: Support at least repetition factor K = {2, 4, 8} for Msg3 PUSCH repetition. 
Proposal 3: The maximal repetition number for Msg3 PUSCH repetition should be 16. 
Proposal 4: For repetition indication of Msg3 re-transmission, the same mechanism can be used to indicate the number of repetition.
Proposal 5: The actual transmission of Msg3 PUSCH repetition in an available slot should not be cancelled by tdd-UL-DL-ConfigurationDedicated.
Appendix-A
Table A.1. Simulation parameter setting for Msg3
	Frequency carrier
	Channel model
	Delay spread
	Moving speed
	DMRS configuration
	TBS

	[bookmark: _Hlk46471177]4GHz
	TDL-C
	300ns
	3km/h
	1FL+2Add
	72bits/ 144bits/ 208bits

	· mu = 1
· Metric: 10% BLER
· Antenna number: 1T4R
· DFT-S-OFDM
· No retransmission
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