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In this contribution, we provide our views on Msg3 PUSCH repetition, including most of the issues listed in feature lead summary in [1]. 
 Differentiation mechanism of Msg3 PUSCH repetition
In RAN1#105-e, it was agreed to use separate preamble with share ROs for requesting Msg3 repetition while other solutions are FFS [2].
	Agreement:
· For requesting Msg3 PUSCH repetition, support the following:
·  Use separate preamble with shared RO configured by the same PRACH configuration index with legacy UEs.
· FFS whether to introduce a PRACH mask to indicate a sub-set of ROs associated with a same SSB index within an SSB-RO mapping cycle for requesting Msg3 repetition for a UE. 
· FFS definition of shared RO (e.g., whether the shared RO can be an RO with preamble(s) for 4-step RACH only or with preambles for both 4-step RACH and 2-step RACH).
· FFS whether or not to additionally support one (& only one) more option:
· E.g., option 2: Use separate RO configured by a separate PRACH configuration index from legacy UEs
· E.g., Option 3: Use separate RO, which include
· the separate RO configured by a separate RACH configuration index from legacy UE, and
· the remaining RO (if any) configured, by the same PRACH configuration index with legacy UEs, that cannot be used by legacy rules for PRACH transmission.



There are two additional options proposed for differentiation of Msg3 repetition by using separate RO. Both options require an additional separate PRACH configuration, which means additional RACH procedure for Msg3 repetition is needed. It would require large specification impacts on the RACH procedures specified in TS 38.321, and also increase gNB and UE complexity to maintain two independent RACH procedures. For Option 3 which additionally aims for using the remaining ROs, it would require additional specification efforts for new SSB-RO mapping. So, we in general don’t think additional options are needed. 
On the other hand, RAN2 will have a common session to jointly discuss how to configure separate RACH resources for different features across different WIs, also taking into account the legacy features that using PRACH partitioning, i.e., selected SSB, CFRA or CBRA cause, payload size (preamble group B configured or not), random access type (2-step vs 4-step RA). 
	Rel-17 features may require PRACH partitioning: 
· SDT
· To identify SDT cause and provide larger MSG3/MSGA payload size
· RAN slicing
· For RA resource prioritisation and slice isolation
· REDCAP
· For network to know the REDCAP UE at MSG1 level
· Coverage extension
· To identify the coverage extension UE at MSG1 level 



Depending on RAN2 discussion, it is possible that separate RO would be introduced for differentiating some of the features due to the lack of preambles per RO. 
With above analysis, we have the following proposal.
Proposal 1: Do not support additional options (i.e., using separate RO) for requesting Msg3 repetition, unless RAN2 concludes to support with taking other features into account. 
 Separate RRC parameters for requesting Msg3 repetition by shared RO
Approaching the end of the Release 17, it is critical to finalize RRC signaling related discussion as soon as possible. For the agreed approach for requesting Msg3 repetition by shared RO, RAN2 has asked RAN1 about the feasibility/necessity of some of the parameters in [3]. 
In Table 1, a summary of RRC parameters for requesting Msg3 repetition by shared RO in 4-step CBRA procedure is provided. For the green highlighted parameters, RAN2 has made decision already. For the yellow highlighted ones, RAN2 explicitly asked RAN1 views, and our analysis is provided below. For the rest ones, which are mainly for the PRACH sequence generation or frequency domain pattern, we believe they could be reused for shared RO case. 
Whether it is feasible to support Msg3 repetition on both NUL and SUL
In current specification, a UE first checks an RSRP threshold (rsrp-ThresholdSSB-SUL) for the selection between the NUL carrier and the SUL carrier, and the UE will select SUL carrier if the RSRP of the downlink pathloss reference is less than the threshold. After selection of a carrier, the UE further checks another RSRP threshold (rsrp-ThresholdSSB) for SSB selection. 
Though SUL itself is used in case the UE is in poor coverage, Msg3 repetition can still be supported on SUL for better coverage. In our view, it is feasible to support Msg3 repetition on both NUL and SUL. Similar as rsrp-ThresholdSSB, which is separately configured for NUL and SUL, it is also desirable to configure different RSRP thresholds for requesting Msg3 repetition for NUL and SUL respectively to accommodate different coverage requirements on different carriers. 
Observation 1: It is feasible to support Msg3 repetition on both NUL and SUL, and different RSRP thresholds for requesting Msg3 repetition are needed for NUL and SUL. 
Whether it is feasible to configure random access preamble Group B together with Msg3 repetition
In legacy, a UE will use different preambles for Group A and Group B targeting for different Msg3 payload sizes. RAN2 has observed that it is feasible to configure random access preamble Group B together with Msg3 repetition, in which case a separate set of Group B related parameters such as ra-Msg3SizeGroupA, messagePowerOffsetGroupB, numberOfRA-PreamblesGroupA may be configured for request of Msg3 repetition. 
In our view, it may or may not require Msg3 repetition, regardless of the Msg3 payload size. Thus, we think it is desirable to support all combinations from RAN1 perspective, i.e., Group A with or without Msg3 repetition and Group B with or without repetition. 
Observation 2: From RAN1 perspective, it is desirable to support both Group A with or without Msg3 repetition and Group B with or without repetition. And, a separate set of Group B related parameters including ra-Msg3SizeGroupA, messagePowerOffsetGroupB and numberOfRA-PreamblesGroupA is needed for request of Msg3 repetition. 
Necessity and benefit to optionally configuring a separate set of other RACH parameters for the UE
Given Msg3 is enhanced by repetition, PRACH may become the bottleneck for coverage. It could be potentially beneficial if a separate set of parameters including preambleReceivedTargetPower, powerRampingStep and preambleTransMax, is introduced for request of Msg3 repetition. For instance, NW can configure a larger ramping step to quickly boost up the power in case the UE is in cell edge using Msg3 repetition, or configure a larger value of preambleTransMax to increase the chance to successfully detect PRACH transmission.
From RAN1 perspective, we think at least the number of preambles per SSB for request of Msg3 repetition, i.e., CB-PreamblesPerSSB, is needed. Regarding whether to indicate the start of preamble index for request of Msg3 repetition, it depends on RAN2 discussion in the common session. For other RACH parameters for 4-step CBRA procedure, we don’t see any need to separately configure for request of Msg3 repetition. 
Observation 3: From RAN1 perspective, at least the number of preambles per SSB 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. There is no need to separately configure other RACH parameters for 4-step CBRA procedure. 
Observation 4: Regarding preambleReceivedTargetPower, powerRampingStep, preambleTransMax, it could be potentially beneficial without causing any issue to introduce these parameters. 
Table 1 RRC parameters for requesting Msg3 repetition by shared RO in 4-step CBRA procedure
	RRC parameters in RACH-ConfigCommon
	Descriptions in Rel-15/16
	Necessity for a separate parameter in Rel-17 

	RACH-ConfigGeneric
	prach-ConfigurationIndex
	PRACH configuration index
	No need for shared RO

	
	msg1-FDM
	PRACH configuration in frequency domain 
	No need for shared RO

	
	msg1-FrequencyStart
	
	No need for shared RO

	
	zeroCorrelationZoneConfig
	N-CS configuration
	No need for shared RO

	
	preambleReceivedTargetPower
	The target power level at the network receiver side
	TBD as requested by RAN2

	
	preambleTransMax
	Max number of RA preamble transmission performed before declaring a failure
	TBD as requested by RAN2

	
	powerRampingStep
	Power ramping steps for PRACH
	TBD as requested by RAN2

	
	ra-ResponseWindow 
	Msg2 (RAR) window length in number of slots 
	No need as agreed by RAN2

	totalNumberOfRA-Preambles
	Total number of preambles used for CB and CF 4-step or 2-step RA defined in RACH-ConfigCommon, excluding preambles used for other purposes (e.g. for SI request).
	No need for shared RO

	ssb-perRACH-OccasionAndCB-PreamblesPerSSB
	The number of SSBs per RO and  the number of CB preambles per SSB 
	No need for shared RO

	groupBconfigured
	ra-Msg3SizeGroupA
	Random access preamble Group B related parameters
	TBD as requested by RAN2

	
	messagePowerOffsetGroupB
	
	

	
	numberOfRA-PreamblesGroupA
	
	

	ra-ContentionResolutionTimer
	The initial value for the contention resolution timer
	No need as agreed by RAN2

	rsrp-ThresholdSSB 
	RSRP threshold for SSB selection
	Needed as agreed by RAN2, while TBD whether for both NUL and SUL

	rsrp-ThresholdSSB-SUL
	An RSRP threshold for the selection between the NUL carrier and the SUL carrier
	No need for shared RO

	prach-RootSequenceIndex
	PRACH root sequence index 
	No need for shared RO

	msg1-SubcarrierSpacing
	Subcarrier spacing of PRACH
	No need for shared RO

	restrictedSetConfig
	Configuration of an unrestricted set or one of two types of restricted sets
	No need for shared RO

	msg3-transformPrecoder
	Enabling of the transform precoder for Msg3 transmission
	No need for shared RO



Proposal 2: Introduce the number of preambles per SSB for request of Msg3 repetition, i.e., CB-PreamblesPerSSB, in RAN1. For whether to introduce other parameters, it’s up to RAN2 for decision.  

· Whether to introduce a PRACH mask (i.e., msgA-SSB-SharedRO-MaskIndex)
For 2-step RACH, a PRACH mask is introduced to support partial RO sharing in case of one SSB corresponding to multiple ROs. This offers more flexibility for the NW for RACH resources allocation depending on the number of UEs requiring 2-step RACH. 
In addition, as discussed above, there are other features may need separate preambles for differentiation. If most of the features (including both Rel-16 and Rel-17 features) are supported at the same time for a given UE, there may be no sufficient preambles in one RO. Thus, support separate preambles only in a sub-set of ROs could save the PRACH resources. This may introduce a bit larger access latency, while should be acceptable since Msg3 repetition is not latency sensitive. In Figure 1, an example for preamble partition with shared RO is provided, whether N is the number of SSB indexes associated with one PRACH occasion, and R, Q and M is the number of preambles allocated for 4 step CBRA without requesting Msg3 repetition, 2-step CBRA and 4-step CBRA with requesting Msg3 repetition respectively.  is provided by totalNumberOfRA-Preambles for 4-step RACH procedure.
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Figure 1 SSB-RO mapping for separate PRACH preamble with shared RO
Proposal 3 (RRC parameter related): Introduce a PRACH mask to indicate a sub-set of ROs associated with a same SSB index within an SSB-RO mapping cycle for requesting Msg3 repetition for a UE. 

 Indication of the number of repetitions
1.1  Candidate repetition factor for Msg3 repetition 
In RAN1#106-e, the repetition factor K = {1, 2, 4}was agreed for Msg3 repetition, and other values are FFS [4]. 
	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.  



It was proposed that, if TDRA information field is chosen, NR Rel-16 repetition factor set {1, 2, 3, 4, 7, 8, 12, 16} can be supported for Msg3 repetition. The following summary was provided by feature lead in [1]. 
1) It provides gNB more scheduling flexibility, e.g., by supporting values like 3 or 7. 
2) It could provide better performance by supporting the relatively larger values. This could be potentially useful and necessary for FR2 or Rel-17 small data transmission on Msg3. Any, it’s up to gNB configuration whether to configure the relatively larger values or not. 
3) The signaling overhead increase (from 2 bits to 3 bits indication) is minor. 
As analyzed below, our preference is to use TDRA information filed. Using legacy Rel-16 repetition factor set sounds reasonable to us. 
Proposal 4 (RRC parameter related): NR Rel-16 repetition factor set {1, 2, 3, 4, 7, 8, 12, 16} is supported for Msg3 repetition. 
1.2  On Msg3 initial transmission 
Regarding the repetition indication for Msg3 initial transmission, the following WA was reached in RAN1#106-e [4]. 
	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. 



In Rel-16, the number of repetitions is encoded in the TDRA table and can be dynamically indicated by the TDRA information filed in DCI. Similar approach can be considered for repetition indication of Msg3 transmission. That is, the number of repetitions can be included in one column of the TDRA table configured by SIB1, and using ‘PUSCH time resource allocation’ bit filed in UL RAR grant to indicate one row of TDRA table. In some extent, this may reduce the flexibility for indicting the time domain resources. However, the potential repetition duration in each slot is typically limited, (e.g., a large duration of 14 symbols) for coverage limited UEs. Thus, a 16-row TDRA table could be sufficient for Msg3 repetition. Between Option 1 and Option 2, our preference is Option 1 due to its flexibility. 
Technically speaking, using other bit fields is also feasible. What matters is the flexibility of which information filed should be sacrificed. As TDRA table based approach has already been supported for legacy PUSCH repetition type A/B, using TDRA information field is slightly preferred. 
Regarding the concerns about signaling overhead increase for SIB1, our understanding is this is under control of NW. For instance, if NW thinks flexibility is more important, it can configure a 16-row TDRA table, which will cause 16 rows * (5 bits for K2 + 1 bit for mapping type + 7 bits for SLIV + 2~4 bits for repetition factor) = 16* (15~17 bits) = 240 bits ~272 bits overhead increase. However, if NW thinks overhead is more important, it can only configure a one-row TDRA table, which only causes 15~17 bits overhead increase. In summary, it is up to NW implementation between indication flexibility and overhead increase, by configuring the number of rows of the TDRA table.  
With a result, we have the following proposal. 
Proposal 5 (RRC parameter related): TDRA information field is chosen for repetition indication of Msg3 repetition, and Option 1 is supported, i.e., introducing a new configurable TDRA table including separate new indication for K2, mapping type, SLIV and repetition factor. 

1.3  On Msg3 re-transmission transmission
Regarding Msg3 re-transmission, (DCI format 0_0 with CRC scrambled by TC-RNTI was agreed for repetition indication, with the following two options on the table.
	Agreement: 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.
· Option 2: Use HARQ process number bit field in DCI format 0_0 with CRC scrambled by TC-RNTI.  



In general, both options have its own technical merits. From our perspective, Option 1 with a unified solution for both initial and re-transmission is slightly preferred. 
Proposal 6: For repetition indication of Msg3 re-transmission, support the same mechanism as supported for Msg3 initial transmission. 

1.4  How to interpret the information filed for indication of Msg3 repetition 
As for how a UE is managed to know whether to use legacy interpretation or new interpretation on the bit field indicating the number of repetitions, there are the following two options agreed in RAN1#106-e. 
	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.



In our view, Option 1 is much simpler and does not require additional indication. Therefore, Option 1 is preferred by us. In addition, RAN2 has confirmed that enhancing MAC RAR for indicating MSG3 repetition is not supported. Therefore, even if Option 2 is chosen, the additional indication can only be based on the information filed in RAR UL grant. 
Proposal 7: Regarding how a UE should interpret the selected information field for indication of the number of repetitions, no additional signaling is needed, i.e., Option 1 is supported.
 Support of the number of repetitions counted on the basis of available slots for Msg3 repetition.
In RAN1#106-e, the following agreements were reached on the counting of the number of repetitions for Msg3 transmission. 
	Agreement
· 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.



One main remaining issue is about whether to introduce additional indication for use of flexible slots/symbols indicated via TDD-UL-DL-Configcommon. In the following, our further analysis about this issue is provided. 
In RAN1#106-e, it was a common understanding that the flexible symbols indicated by tdd-UL-DL-ConfigurationCommon can be regarded as available symbols for Msg3 PUSCH repetition. While there is no consensus about whether to additionally introduce explicit indication for indicating whether flexible slots/symbols indicated via TDD-UL-DL-Configcommon can be used for Msg3 repetition.
As the example shown in Figure 3.3-1 of FL summary in [1], it may cause ambiguity between gNB and UE about whether a Msg3 repetition is transmitted or not, if one Msg3 repetition transmitting on flexible symbols indicated by dd-UL-DL-ConfigurationCommon could be canceled. In Rel-16, there are two cancellation cases: 
· Case a): Downlink symbols indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated.
· Case b):  Symbols configured for SSB transmission.
Note that, Msg3 transmission would not be canceled by SFI. Detailed legacy collision rules are summarized in Appendix A. 
[bookmark: _GoBack]However, it has already been agreed that tdd-UL-DL-ConfigurationCommon and SSB transmission are used for available slot determination. In other words, tdd-UL-DL-ConfigurationCommon and SSB transmission would not be used for canceling Msg3 repetition as there is no Msg3 repetition in the slot with SSB transmission. Then, the only canceling case is due to ‘downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated’.
In summary, the fundamental question would be: ‘whether it is possible/efficient for gNB to avoid canceling Msg3 repetition due to downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated? Or, if ambiguity happens due to cancellation, whether it is affordable for gNB to solve this issue by implementation, e.g., do some blind decoding?. In our views, it would be good if some simple explicit signaling can be introduced to facilitate gNB’s scheduling. On the other hand, it could be hard to conclude one specific indication method due to the limited time left. Therefore, we are also fine with no additional indication, i.e., leaving to gNB scheduling. 
Proposal 8: Do not introduce explicit indication for use of flexible slots/symbols indicated via TDD-UL-DL-Configcommon if no consensus can be reached. 
 Support of intra-slot frequency hopping 
In RAN1#104-e, inter-slot frequency hopping for repetition of Msg3 initial and re-transmission is supported. However, whether to additionally support intra-slot FH is not decided yet. The main concerns of supporting intra-slot FH include:
· It may need 1 additional bit in RAR UL grant for indication, except the one for inter-slot FH. This could increase the RAR UL grant size.
· Unclear motivation to support intra-slot FH on top of inter-slot FH. 
Regarding to the first concern, our understanding is we can simply reuse the Rel-15 legacy ways for regular PUSCH. In Rel-15, the RRC parameter frequencyHopping with value of {intraSlot or interSlot} is used for configuring the FH mode. More specifically, if the field is absent, frequency hopping is not configured. The value ‘intraSlot’ enables 'Intra-slot frequency hopping' and the value ‘interSlot’ enables 'Inter-slot frequency hopping'. This parameter could be simply introduced in SIB1, and the one FH flag bit in RAR UL grant/DCI 0_0 format scrambled by TC-RNTI could be used for enabling FH or not. 
As for the motivation, one use case to support intra-slot FH is to improve resource efficiency for multiplexing different UEs. An example is shown in Figure 2, where Msg3 without repetition and intra-slot FH is scheduled for UE1 and UE2 in slot n and slot n+1 respectively. If gNB would schedule UE3 with 2 repetitions, UE3 would not be able to be multiplexed with UE1 and UE3 in the same PRBs in the same slots if only inter-slot FH is supported for Msg3 repetition. Instead, with enabling intra-slot FH, the resources of UE3 could fit into the concurrent resource allocation for other UEs. 
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Figure 2 Mutilplexing among two legacy UEs without Msg3 repetition and one Rel-17 UEs with Msg3 repetition
Observation 5: Intra-slot FH could provide additional flexibility for UE multiplexing.   
Proposal 9 (RRC parameter related): Support intra-slot frequency hopping for Msg3 PUSCH repetition, including initial and re-transmission. 
· When intra-slot frequency hopping is enabled, the UE assumes the same starting RB and the same frequency offset across Msg3 PUSCH repetitions. 
· Intra-slot frequency hopping and inter-slot frequency hopping cannot be enabled at the same time. 
 RV pattern
In RAN1#105-e, the following agreements were reached regarding the RV determination for Msg3 repetition. 
	Agreement: Use a fixed RV sequence [0 2 3 1] for repetition of Msg3 initial and re-transmission.
· The RV cycling for Msg3 initial transmission follows the rule specified in the first row in Table 6.1.2.1-2 in TS38.214. 
· The RV cycling for Msg3 re-transmission follows the rules specified in Table 6.1.2.1-2 in TS38.214.
· FFS: The RV cycling for Msg3 is based on transmission occasions on available slot.



One remaining issue is how to determine the RV cycling for Msg3 is based on transmission occasions on available slot. In our view, similar approach that agreed for enhanced PUSCH repetition type A could be reused here. Thus we have the following proposal. 
Proposal 10: Each available slot identified by the UE is considered as a transmission occasion for Msg3 PUSCH repetition.
· RV is cycled across transmission occasions, irrespective of whether Msg3 PUSCH transmission in the transmission occasion is further omitted or not.
 Support of joint channel estimation for Msg3 repetition
As the evaluation results shown in [5], joint channel estimation could provide clear performance gain for Msg3 repetition. However, it may also require additional UE capability for support this feature. It means further RACH partitioning may be needed. This seems very difficult considering there are already lots of features requiring RACH partitioning already. 
Proposal 11: Do not support joint channel estimation for Msg3 repetition if additional UE capability is needed. 
 UE capability reporting after initial access procedure
If a UE requests Msg3 repetition, it implicitly means the UE reports its capability. However, gNB would not know how many of UEs in the cell is capable of Msg3 repetition. Because, only those Msg3 capable UEs in poor coverage will make a request. Allowing UE to report its capability of Msg3 repetition after initial access could let gNB know this information (i.e., how many of UEs in the cell is capable of Msg3 repetition), then gNB can know the maximum number of separate PRACH resources needed. In addition, NW generally has the knowledge of channel variation of a UE (e.g., moving) by various means (e.g., mobility management). Therefore, knowing the number of UEs needed Msg3 repetition (by request) and the total number of UEs supporting Msg3 repetition (by capability reporting after initial access) would certainly help NW find a more appropriate PRACH configuration based on it’s monitoring. In this sense, reporting the capability after initial access is beneficial in general including CBRA case. 
For CFRA case, it allows gNB can configure less separate PRACH resources for CE UEs. Because, in CFRA case, even if UE uses legacy PRACH resource for transmission, gNB can still schedule Msg3 with or without repetition based on gNB's measurement, since gNB would know whether the UE has the capability or not, thanks to the capability reporting after initial access. 
Theoretically, if a UE requests Msg3 repetition and the RACH procedure is successfully completed, NW can know UE’s capability of supporting Msg3 repetition. While, the RACH procedure with Msg3 repetition may also fail, and if UE accesses to the NW without requesting Msg3 repetition later, capability reporting after initial access is also needed in such case. Given UE capability reporting would not bring harm to UE, we prefer to support UE capability reporting after initial access for all Rel-17 UEs. As a result, we have the following proposal. 
Proposal 12: The UE capability of supporting Msg3 PUSCH repetition is reported after initial access procedure according to existing mechanism for UE capability report. 
 Whether PUSCH repetition is supported for CFRA PUSCH
The following agreements were reached for CFRA PUSCH in RAN1#102e. 
	Agreements:
Enhancement to PUSCH scheduled by RAR UL grant will not consider the optimization specific for CFRA case in NR coverage SI.



Our understanding is that PUSCH repetition can be supported for CFRA while RAN1 will not do any optimization specific for CFRA. Currently, in most places of the NR specifications, a PUSCH scheduled by RAR UL grant, which includes both Msg3 initial transmission and CFRA PUSCH, is widely used. That is, there is no differentiation of PHY layer handling for Msg3 PUSCH and CFRA PUSCH in most typical cases. This would not introduce more specification efforts, instead can reduce the specification impacts. 
Proposal 13: PUSCH repetition is supported for a PUSCH scheduled by RAR UL grant including CFRA PUSCH, while no optimization specific for CFRA PUSCH is considered. 
 Conclusion
According to the analysis given above, we have the following observations and proposals:
Proposal 1: Do not support additional options (i.e., using separate RO) for requesting Msg3 repetition, unless RAN2 concludes to support with taking other features into account. 
Observation 1: It is feasible to support Msg3 repetition on both NUL and SUL, and different RSRP thresholds for requesting Msg3 repetition are needed for NUL and SUL. 
Observation 2: From RAN1 perspective, it is desirable to support both Group A with or without Msg3 repetition and Group B with or without repetition. And, a separate set of Group B related parameters including ra-Msg3SizeGroupA, messagePowerOffsetGroupB and numberOfRA-PreamblesGroupA is needed for request of Msg3 repetition. 
Observation 3: From RAN1 perspective, at least the number of preambles per SSB 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. There is no need to separately configure other RACH parameters for 4-step CBRA procedure. 
Observation 4: Regarding preambleReceivedTargetPower, powerRampingStep, preambleTransMax, it could be potentially beneficial without causing any issue to introduce these parameters. 
Proposal 2: Introduce the number of preambles per SSB for request of Msg3 repetition, i.e., CB-PreamblesPerSSB, in RAN1. For whether to introduce other parameters, it’s up to RAN2 for decision.  
Proposal 3 (RRC parameter related): Introduce a PRACH mask to indicate a sub-set of ROs associated with a same SSB index within an SSB-RO mapping cycle for requesting Msg3 repetition for a UE. 
Proposal 4 (RRC parameter related): NR Rel-16 repetition factor set {1, 2, 3, 4, 7, 8, 12, 16} is supported for Msg3 repetition. 
Proposal 5 (RRC parameter related): TDRA information field is chosen for repetition indication of Msg3 repetition, and Option 1 is supported, i.e., introducing a new configurable TDRA table including separate new indication for K2, mapping type, SLIV and repetition factor. 
Proposal 6: For repetition indication of Msg3 re-transmission, support the same mechanism as supported for Msg3 initial transmission. 
Proposal 7: Regarding how a UE should interpret the selected information field for indication of the number of repetitions, no additional signaling is needed, i.e., Option 1 is supported.
Proposal 8: Do not introduce explicit indication for use of flexible slots/symbols indicated via TDD-UL-DL-Configcommon if no consensus can be reached. 
Observation 5: Intra-slot FH could provide additional flexibility for UE multiplexing.   
Proposal 9 (RRC parameter related): Support intra-slot frequency hopping for Msg3 PUSCH repetition, including initial and re-transmission. 
· When intra-slot frequency hopping is enabled, the UE assumes the same starting RB and the same frequency offset across Msg3 PUSCH repetitions. 
· Intra-slot frequency hopping and inter-slot frequency hopping cannot be enabled at the same time. 
Proposal 10: Each available slot identified by the UE is considered as a transmission occasion for Msg3 PUSCH repetition.
· RV is cycled across transmission occasions, irrespective of whether Msg3 PUSCH transmission in the transmission occasion is further omitted or not.
Proposal 11: Do not support joint channel estimation for Msg3 repetition if additional UE capability is needed. 
Proposal 12: The UE capability of supporting Msg3 PUSCH repetition is reported after initial access procedure according to existing mechanism for UE capability report. 
Proposal 13: PUSCH repetition is supported for a PUSCH scheduled by RAR UL grant including CFRA PUSCH, while no optimization specific for CFRA PUSCH is considered. 
 Reference
[bookmark: _Ref525119031]3GPP RAN1#106-e, R1-2108585 Feature lead summary #4 on support of Type A PUSCH repetitions for Msg3, Moderator (ZTE Corporation). 
3GPP RAN1#105-e, Chairman’s notes. 
3GPP RAN1#106-e, Chairman’s notes. 
3GPP RAN2#115-e, R2-2109195 LS on Msg3 repetition in coverage enhancement, RAN1.
3GPP RAN1#106-e, R1-2106743, Discussion on support of Type A PUSCH repetitions for Msg3, ZTE.
Appendix - A: Legacy rules for use of flexible symbol for Msg3 transmission
	If SFI is not configured, the following symbols are available symbols for Msg3 transmission according to current specification. 
· 1) Uplink symbols indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated
· 2) Flexible symbols indicated by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided.
· If a UE is only provided by tdd-UL-DL-ConfigurationCommon, and a symbol is indicated as flexible symbol by tdd-UL-DL-ConfigurationCommon, it is a common understanding that the flexible symbol can be used for Msg3 transmission.  
· If a UE is provided by both tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated, and a symbol is indicated as flexible symbol by both tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated, the flexible symbol is available for Msg3 transmission.
	If a UE is not configured to monitor PDCCH for DCI format 2_0, for a set of symbols of a slot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE
-	the UE receives PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format 1_0, DCI format 1_1, or DCI format 0_1 
-	the UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, DCI format 2_3, or a RAR UL grant 



Meanwhile, the following symbols are not available for Msg3 transmission if SFI is not configured.
· 1) Downlink symbols indicated by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated
	For a set of symbols of a slot that are indicated to a UE as downlink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, the UE does not transmit PUSCH, PUCCH, PRACH, or SRS when the PUSCH, PUCCH, PRACH, or SRS overlaps, even partially, with the set of symbols of the slot.



· 2) Symbols configured for SSB transmission 
	For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.


· Note that, a symbol for a CORESET for Type0-PDCCH CSS set indicated by pdcch-ConfigSIB1 in MIB can be indicated as flexible symbol by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, which can be used for Msg3 transmission. In other words, as long as it is a flexible symbol indicated by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, it can be used for Msg3 transmission. 
	For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect the set of symbols to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.




	
If dynamic SFI is configured, the Rel-15/16 legacy UE behavior for collision handling of Msg3 transmission is summarized below. 
· If dynamic SFI is configured, a UE does not expect collision between Msg3 transmission and SFI indication.
· If dynamic SFI is configured and the DCI format 2_0 is detected by UE, the flexible symbols indicated by the DCI format 2_0 are available symbols for Msg3 transmission.
· If dynamic SFI is configured and while DCI format 2_0 is not detected by UE, the flexible symbols indicated by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided are available symbols for Msg3 transmission.
The related specification texts are also copied below.
	For a set of symbols of a slot, a UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols in the slot as downlink and to detect a DCI format, a RAR UL grant, fallbackRAR UL grant, or successRAR indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot. 
For a set of symbols of a slot indicated to a UE as flexible by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, and if the UE detects a DCI format 2_0 providing a format for the slot using a slot format value other than 255
-	...
-  if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as flexible and the UE detects a DCI format, a RAR UL grant, fallbackRAR UL grant, or successRAR indicating to the UE to transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot the UE transmits the PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot
-	a UE does not expect to detect an SFI-index field value in DCI format 2_0 indicating the set of symbols of the slot as downlink and also detect a DCI format, a RAR UL grant, fallbackRAR UL grant, or successRAR indicating to the UE to transmit SRS, PUSCH, PUCCH, or PRACH, in one or more symbols from the set of symbols of the slot
-	...
For a set of symbols of a slot that are indicated as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, or when tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated are not provided to the UE, and if the UE does not detect a DCI format 2_0 providing a slot format for the slot
-	the UE receives PDSCH or CSI-RS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format
-	the UE transmits PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot if the UE receives a corresponding indication by a DCI format, a RAR UL grant, fallbackRAR UL grant, or successRAR
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