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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 of Msg3 PUSCH repetition
In RAN1#104b-e, the following agreements were reached regarding the differentiation mechanism between UEs with and without CE and the triggering mechanism for Msg3 repetition [2]. In this section, further analysis on the details is provided. 
	Agreement: For Msg3 PUSCH repetition, support the following modified Option 2-1. 
· Option 2-1: For UE requested Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can request Msg3 PUSCH repetition via separate PRACH resources (FFS details, e.g., separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions after SSB association, etc.).
· Whether a UE would request is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· If Msg3 PUSCH repetition is requested by UE, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions for Msg3 PUSCH 3 (re)-transmission.  
· FFS the UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual
· FFS details if any.



1.1  Separate RO vs separate preamble with shared RO
In Rel-16 2-step RACH, both separate RO and separate preamble with shared RO are supported for the differentiation between 2-step RACH and 4 step RACH. Similar approaches can be considered for Msg3 repetition differentiation. 
· Option 1: Separate RO
For separate RO configuration, gNB could differentiate whether a UE requests Msg3 repetition or not by separate RO time/frequency resources. In our view, there is no need to introduce new rules to determine the RO time/frequency resources, i.e., the time-domain random access configurations defined in Table 6.3.3.2-2~4 and the frequency resources determination defined in Clause 6.3.3.2 in TS 38.211 should be reused. However, it needs to introduce new separate RRC parameters for PRACH configuration. In 2-step RACH, two IEs (RACH-ConfigCommonTwoStepRA and RACH-ConfigGenericTwoStepRA) are introduced, and part of the new RRC parameters in the two IEs are also copied below. If Option 1 is adopted, similar new RRC parameters are needed. In addition, it may also have large specification impacts on the RACH procedures specified in TS 38.321. 
	msgA-PRACH-ConfigurationIndex
msgA-RO-FDM
msgA-RO-FrequencyStart
msgA-ZeroCorrelationZoneConfig-r16 
msgA-PRACH-RootSequenceIndex
msgA-RestrictedSetConfig
msgA-TotalNumberOfRA-Preambles
msgA-SSB-PerRACH-OccasionAndCB-PreamblesPerSSB



· Option 2: Separate PRACH preamble with shared RO 
To limit the specification impacts, one alternative way is to use separate PRACH preambles with shared RO. In such case, no separate PRACH configuration is needed, and it only requires to indicate the number of preambles used for Msg3 repetition per SSB, or a subset of ROs if partial RO sharing is supported in case of one SSB corresponding to multiple ROs. That is, similar RRC parameters like msgA-CB-PreamblesPerSSB-PerSharedRO and msgA-SSB-SharedRO-MaskIndex that introduced for 2-step RACH can be introduced for Msg3 repetition. 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
For Option 1, it is clear that much larger specifications impacts are required, and it would introduce more gNB complexity to maintain more parallel SSB-RO mapping patterns. Regarding Option 2, the legacy PRACH configuration can be reused, and only partial RO or partial preambles in one shared RO is allocated to Msg3 repetition. gNB can configure a PRACH configuration with increasing the number of ROs in the time/frequency domain (if needed) to accommodate the additional preambles for Msg3 repetition. 
Observation 1: Compared to using separate PRACH preamble with shared RO, using separate RO requires larger specification impacts and introduces more gNB complexity. 
Regarding whether Option 1 can provide better flexibility for PRACH configuration, a fundamental question is whether the overall total number of UEs (including all types of UEs) served in one cell would increase in Rel-17, e.g., additionally serving the UEs capable of Msg3 repetition. If the answer is ‘no’, then it means the overall PRACH capacity for all types of UEs would not be changed. Then, Option 2 seems sufficient, with some adjustments to the PRACH preamble partition among different types of UEs/features. If the answer is ‘yes’, then Option 1 seems better in terms of resource efficiency. A specific example is shown in Figure 2 below. In Figure 2(a), it is assumed the legacy PRACH configuration with index #18 is configured. There are 4 SSBs transmitted, and the number of SSB indexes N associated with one RO is set to 1, and the number of ROs configured in the frequency domain by msg1-FDM is set to 4. Assuming about X = 10 preambles are required per SSB for Msg3 repetition additionally, another PRACH configuration with index #16 can be configured for Msg3 repetition as shown in Figure 2(b), where N can be set to 4 and Q = X =10, wherein Q is the number of CB preambles with consecutive indexes associated with one SSB. In such case, only one additional RO is added. Alternatively based on Option 2, the legacy PRACH configuration index can be changed to index #20 to accommodate the number of preambles needed for Msg3 repetition. As can be observed, the number of ROs configured is doubled, though only one additional RO with about 10 preambles for each SSB is sufficient for Msg3 repetition. 
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Figure 2 PRACH configuration {legacy, Option 1 based and Option 2 based}
In our view, we tend to believe the answer to above question is ‘no’, and therefore slightly prefer to only support Option 2. 
Proposal 1: Support using separate PRACH preamble with shared PRACH occasions for requesting Msg3 repetition. 
1.2  Whether/How to introduce a new RSRP threshold for Msg3 repetition
In 2-step RACH, an RSRP threshold is introduced for selecting between 2-step RACH and 4-step RACH. When both RACH procedures are configured, 2-step RACH is selected only when the RSRP of the downlink pathloss reference is above the RSRP threshold. 
	>	else if the BWP selected for Random Access procedure is configured with both 2-step and 4-step RA type Random Access Resources and the RSRP of the downlink pathloss reference is above msgA-RSRP-Threshold; or
1>	if the BWP selected for Random Access procedure is only configured with 2-step RA type Random Access resources (i.e. no 4-step RACH RA type resources configured); or
1>	if the Random Access procedure was initiated for reconfiguration with sync and if the contention-free Random Access Resources for 2-step RA type have been explicitly provided in rach-ConfigDedicated for the BWP selected for Random Access procedure:
2>	set the RA_TYPE to 2-stepRA.



Similarly, new RACH selection needs to be discussed since RACH procedure with Msg3 repetition is introduced. One way is to based on the two legacy RSRP thresholds to select the separate PRACH resources for 4-step RACH procedure with requesting Msg3 repetition. As shown in Figure 3 below, separate PRACH resource for Msg3 repetition is used only if the RSRP of the downlink pathloss reference is lower than rsrp-ThresholdSSB. If the RSRP of the downlink pathloss reference is lower than msgA-RSRP-Threshold, the selected RA_TYPE is set to 4-stepRA. Then, if at least one of the SSBs with RSRP above rsrp-ThresholdSSB is available, the UE selects an SSB with RSRP above rsrp-ThresholdSSB, and the UE should trigger PRACH procedure without Msg3 repetition. If no SSB with RSRP is above rsrp-ThresholdSSB, the UE selects any SSB, and the UE should trigger PRACH procedure with Msg3 repetition. However, this makes gNB never know which SSB is selected when UE would request Msg3 with repetition. 
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Figure 3 Selection among different RACH procedures with existing RSRP thresholds
Alternatively, a new RSRP threshold can be introduced for 4-step RACH procedure with requesting Msg3 repetition. The threshold is smaller than the RSRP threshold for 4-step RACH procedure without requesting Msg3 repetition, i.e., rsrp-ThresholdSSB. As shown in Figure 4 below, legacy RACH procedure without requesting Msg3 repetition is triggered only if the RSRP of the downlink pathloss reference is lower than rsrp-ThresholdSSB and higher than the new introduced RSRP threshold. 
If the RSRP of the downlink pathloss reference is lower than msgA-RSRP-Threshold, the selected RA_TYPE is set to 4-stepRA. Then, if at least one of the SSBs with RSRP above rsrp-ThresholdSSB is available, the UE selects an SSB with RSRP above rsrp-ThresholdSSB, and the UE should trigger PRACH procedure without Msg3 repetition. If no SSB with RSRP is above rsrp-ThresholdSSB and if at least one of the SSBs with RSRP above the new RSRP threshold is available, the UE selects an SSB with RSRP above the new RSRP threshold and the UE should trigger PRACH procedure with Msg3 repetition. Otherwise, the UE selects any SSB, and the UE should trigger PRACH procedure with Msg3 repetition. 
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Figure 4 Introduce a new RSRP threshold for 4-step RACH procedure with requesting Msg3 repetition for selection among different RACH procedures
In our view, RAN1 can first decide whether to introduce an RSRP threshold for Msg3 repetition from RAN1 perspective. On the other hand, given this is also RAN2 related, an LS to RAN2 is needed to trigger further detailed discussion in RAN2.   
Proposal 2: RAN1 decides whether to introduce an RSRP threshold for Msg3 repetition. 
·  Send RAN2 an LS regarding RAN1 decision. 
1.3  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 3: The UE capability of supporting Msg3 PUSCH repetition is reported after initial access procedure according to existing mechanism for UE capability report. 
1.4  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 4: PUSCH repetition is supported for a PUSCH scheduled by RAR UL grant including CFRA PUSCH, while no optimization specific for CFRA PUSCH is considered. 
 Support of the number of repetitions counted on the basis of available slots for Msg3 repetition.
In RAN1#104-b, the following WA was reached on the counting of the number of repetitions for Msg3 transmission. 
	Working assumption: The number of repetitions is counted on the basis of available slots for Type A PUSCH repetitions for Msg3.
FFS: the determination of available slots.



In Rel-15/16, the following conditions are considered for determining whether a PUSCH repetition should be omitted for regular PUSCH repetition type A.
	For PUSCH repetition Type A, a PUSCH transmission in a slot of a multi-slot PUSCH transmission is omitted according to the conditions in Clause 9, Clause 11.1 and Clause 11.2A of [6, TS38.213]. 



The three Clauses (Clause 9, Clause 11.1 and Clause 11.2A), which have impacts on PUSCH transmission, are related to PUCCH overlapping, slot configuration/SFI and UL cancellation respectively. In the following, we provide our views on these aspects for Msg3 repetition. 
1.5  PUCCH overlapping
In Clause 9 of TS38.213, a UE does not transmit a PUSCH if it would overlap with PUCCH in some cases, e.g.,
· The PUSCH is without UL-SCH, and it overlaps with a PUCCH transmission on a serving cell that includes positive SR information. 
· The PUSCH is of low priority, and it overlaps with PUCCH with high priority. 
· The PUSCH overlaps in one or more slots with PUCCH repetition. 
For Msg3 transmission, it was discussed in Rel-15 maintenance session in email discussion [103-e-NR-7.1CRs-06] in RAN1#103-e about the UE behavior in case Msg3 PUSCH overlaps with PUCCH carrying HARQ-ACK/UCI [3]. Many companies at that time thought overlapping between Msg3 PUSCH and PUCCH is not a typical case, and therefore there is no need to update Rel-15 specifications with the understanding that it’s up to UE implementation on whether to perform UCI multiplexing in such case. On the other hand, some other companies thought it needs to clarify that UCI is not multiplexed in the Msg3 PUSCH and it is up to UE implementation whether to transmit PUCCH or PUSCH. It can avoid blind decoding of PUSCH with or without UCI, though blind detection of PUCCH and PUSCH is still needed. This is similar to UE behavior specified in LTE and NR 2-step RACH. 
Then, a question is that, when repetition is supported for Msg3, whether it allows one or more Msg3 repetition to overlap with PUCCH? Our understanding is that it becomes very difficult to avoid the overlapping in case of Msg3 repetition. On the other hand, gNB doesn’t know which UE is transmitting Msg3 PUSCH since the UL RAR grant is scrambled by TC-RNTI for multiple UEs. Therefore, gNB cannot be aware of whether the UCI would be multiplexed on Msg3 PUSCH. An example is shown in Figure 5 below, where UE#1 and UE#2 use the same PRACH preamble for CBRA procedure, and they both receiving corresponding Msg2 which schedules Msg3 repetition. Thus, both UEs would transmit Msg3 repetitions. If UE#1 has PUCCH transmission overlapping with Rep#2, and UE#3 transmits PUCCH which overlaps with Rep#3 in time, gNB doesn’t know whether the UCI would be multiplexed on Rep#2 and/or Rep#3. To avoid blind decoding of Msg3 PUSCH with or without UCI, it should clarify that UCI is not multiplexed in the Msg3 PUSCH.
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Figure 5 Overlapping between PUCCH and Msg3 PUSCH repetition

Observation 2: It becomes very difficult for gNB to avoid the overlapping between Msg3 PUSCH repetitions and a PUCCH carrying HARQ-ACK/CSI. 
Observation 3: If UCI is multiplexed on Msg3 PUSCH, it requires blind decoding of Msg3 PUSCH with or without UCI multiplexing as along as a PUCCH from any UEs in the same cell would overlap in time with the Msg3 PUSCH.  
Proposal 5: Msg3 PUSCH repetitions can be overlapped with a PUCCH carrying HARQ-ACK/CSI, and UCI is not multiplexed in the overlapped Msg3 PUSCH repetitions.
Then, a following-up question is, whether the UE should transmit the overlapped Msg3 PUSCH repetition or transmit PUCCH? If the overlapped Msg3 PUSCH repetition is transmitted (i.e., PUCCH is dropped), it automatically mean that such case is not allowed, which imposes scheduling restrictions to NW. Otherwise, if PUCCH is transmitted (i.e., the overlapped Msg3 PUSCH repetition is dropped), gNB would always decode the PUCCH, and how gNB would decode Msg3 PUSCH could leave to gNB implementation, e.g., 
· gNB always assumes all Msg3 repetitions are transmitted. In the example shown Figure 5, gNB may most possibly successfully decodes Msg3 from UE#2. Or, 
· gNB can first blind detect PUCCH transmission, and gNB will not consider a Msg3 repetition as long as it overlaps with a PUCCH from all UEs in the same cell. That is, gNB only tries to decode Msg3 repetition #1 and #4 in the example shown Figure 5. gNB can choose this implementation if gNB knows only few PUCCHs are scheduled in the cell in the concerned slots. 
Based on above analysis, we slightly prefer to support PUCCH is transmitted if it overlaps with a Msg3 repetition. 
Proposal 6: For a given UE, if one or more Msg3 repetitions overlap with a PUCCH carrying HARQ-ACK/CSI, the UE transmits PUCCH and drops the overlapped one or more Msg3 repetitions. 
Given the overlapping conditions could be different for different UEs, it’s better to not consider PUCCH overlapping to determine whether or not a slot is available slot for Msg3 repetition. Otherwise, different UEs would postpone different number of Msg3 repetitions and gNB cannot be aware of this. As a result, we propose that whether or not a slot is counted as one available slot for Msg3 repetition does not depend on PUCCH overlapping. In other words, if a Msg3 repetition is dropped due to overlapping with PUCCH, it will be counted as one repetition in the total number of repetitions.
Proposal 7: If a Msg3 repetition is dropped due to overlapping with PUCCH, it would be counted as one repetition in the total number of repetitions for Msg3 transmission. 
1.6  Slot configuration
If SFI is not configured, the specification descriptions copied below specify that the following symbols are available symbols for Msg3 transmission. 
· 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.
	A UE considers symbols in a slot indicated as downlink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated to be available for receptions and considers symbols in a slot indicated as uplink by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated to be available for transmissions. 
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
-	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 



Meanwhile, the specifications copied below explicitly specify that 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
· 2) Symbols configured for SSB transmission 
· 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, 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, it can be used for Msg3 transmission. 
	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.
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.
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.



Based on above analysis, gNB shall try to avoid scheduling Msg3 transmission in flexible symbols configured only by tdd-UL-DL-ConfigurationCommon, given the flexible symbols may be changed to DL symbols for other UEs by tdd-UL-DL-ConfigurationDedicated. An example is shown in Figure 6 below, where UE#1 and UE#2 use the same preamble for Msg1 transmission. Both UEs would transmit Msg3 transmission if they can both successfully decodes the corresponding Msg2. If the Msg3 is scheduled in slot #2, only UE#1 can transmit Msg3. To avoid such case, gNB can choose to schedule Msg3 in UL slot#3 or slot #4 by considering the UEs in RRC connect mode. 
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Figure 6 An example for Msg3 scheduling in Rel-15.
However, if Msg3 repetition is supported and flexible symbols can still be used for Msg3 transmission, it becomes difficult for gNB to keep the same occasions for Msg3 transmission among different UEs. An example is shown in Figure 7. As it can be observed that, the actual Msg3 transmission occasions are different for UEs in different RRC modes. Note, it could be also different among RRC connect UEs if the dedicated RRC signalling for TDD configuration is different. 
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Figure 7 An example of transmission of Msg3 repetition.
To avoid ambiguity at gNB side, it should make sure the postpone of transmission of Msg3 repetition among different UEs should be the same. The following ways can be considered. 
· Option 1: Legacy transmission rules are reused with some configuration limitations on TDD configuration. More specifically, for a given UE, Msg3 repetition can be transmitted in UL symbols configured by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, or flexible symbols configured by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided. However, a flexible symbol configured by tdd-UL-DL-ConfigurationCommon is not allowed to be changed to DL symbols for some UEs while UL/flexible symbols for some other UEs by tdd-UL-DL-ConfigurationDedicated if provided. This is practically what has been deployed in current networks to avoid DL/UL interference, while it may not be forward compatible. 
· Option 2: Msg3 repetition can only be transmitted in UL symbols/slots that are configured by tdd-UL-DL-ConfigurationCommon. Then, regardless of whether a UE is additionally configured with dedicated RRC signalling to change the direction of some symbols/slots or not, gNB has no ambiguity about where the Msg3 repetition would be transmitted. This may introduce additional latency for Msg3 repetition. In other words, this restricts gNB to configure too much flexible symbols by tdd-UL-DL-ConfigurationCommon when Msg3 repetition is configured. 
Proposal 8: If SFI is not configured, if a Msg3 repetition overlaps with the invalid symbols, the UE doesn’t transmit the repetition and it is NOT counted in the total number of repetitions for Msg3 transmission. 
·  FFS whether the flexible symbols indicated by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided are invalid symbols.

1.7  Dynamic SFI
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



If flexible symbols indicated by SFI can be used for Msg3 repetition, different UEs may postpone different number of Msg3 repetitions and gNB cannot be aware of this. To avoid ambiguity on whether the UE actually transmits Msg3 repetition, it is proposed that the flexible symbols indicated by SFI are not used for transmission of Msg3 repetition for simplicity. 
Proposal 9: If SFI is configured, regardless the DCI format 2_0 for SFI indication is detected by the UE or not, the flexible symbols are invalid symbols for transmission of Msg3 repetition. 
· If a Msg3 repetition overlaps with the invalid symbols, the UE doesn’t transmit the repetition and it is counted in the total number of repetitions for Msg3 transmission. 
1.8  UL cancellation 
In RAN1#98bis, it was agreed that RACH related UL transmissions cannot be cancelled by UL CI. 
	Agreements:
· SRS can be cancelled by UL CI
· PUCCH cannot be cancelled by UL CI
· RACH related UL transmissions cannot be cancelled by UL CI, including MSG 1/3 in case of 4-step RACH, MSG A in case of 2-step RACH.



Similar approach can be considered for Rel-17 Msg3 repetition. That is, UL CI will not impact the transmission of Msg3 repetition. 
Proposal 10: Msg3 PUSCH repetition cannot be cancelled by UL CI. 
 Support of other enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission
TB processing over multiple-slot PUSCH is one agreed enhancement for regular PUSCH. However, it is not a purely repetition based enhancement. Considering the scope for Msg3 enhancement is only for specifying Msg3 repetition, it is proposed to not consider such enhancement for Msg3.
Proposal 6: Do not consider TB processing over multi-slot PUSCH for Msg3 repetition.
As studied in SI, two sources showed that joint channel estimation across Msg3 repetitions could provide similar performance gain as for regular PUSCH repetition. In Figure 8, our simulation result on the performance of cross-slot channel estimation for Msg3 PUSCH with 4 repetitions is provided. In case inter-slot FH is disabled, cross-slot channel estimation can be conducted among all 4 repetitions. As can be observed, cross-slot channel estimation could provide 0.88 dB and 1.07 dB gain for Msg3 PUSCH at target BLER 0.1 and 0.01 respectively. If inter-slot FH is enabled, hopping is performed per repetition and cross-slot channel estimation cannot be applied. One way for enhancement is to only perform frequency hopping between the first two repetitions and the last two repetitions. In such case, frequency diversity can still gained in some extent while cross-slot channel estimation can also be applied among each hop. As shown in Figure 8, the enhanced way with joint operation of inter-slot FH and cross-slot channel estimation can provide about 0.5dB and 0.8dB gain over Msg3 PUSCH with inter-slot FH at target BLER 0.1 and 0.01 respectively. 

Figure 8. Performance of Msg3 with cross-slot channel estimation among repetitions
Observation 4: Cross-slot channel estimation among 4 Msg3 repetitions can provide about 1 dB gain.
Observation 5: Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation per bundle can provide additional performance gain for Msg3 repetition.
In addition, the conditions to keep power consistency and phase continuity are expected the same as regular PUSCH. Thus, joint channel estimation can also be supported for Msg3 repetition for better performance, with support of inter-slot frequency hopping with inter-slot bundling.  
Proposal 11: Support joint channel estimation for Msg3 repetition.
·  Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation is supported. 
 Indication of the number of repetitions
1.9  On Msg3 initial transmission 
Regarding the repetition indication for Msg3 initial transmission, the following agreements were reached in RAN1#104b-e. In this section, further analysis on the details is provided. 
	Agreements: For indication of the number of repetitions for Msg3 initial transmission, Option 1 (i.e., using UL grant scheduling Msg3) is adopted.
· FFS additionally using MAC RAR for indication.



In Rel-16, the number of repetitions is encoded in the TDRA table and can be dynamically indicated by the TDRA bit 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. If deemed necessary (e.g., if too many repetition factors are defined for Msg3 repetition), the 1 reserved bit in MAC RAR can also be considered for repetition indication.
If TDRA table based approach is adopted, it needs to further discuss whether the new introduced TDRA table is applied to all Rel-17 UEs or only UEs requesting Msg3 repetition. In addition, it needs to discuss how to select one TDRA table among the legacy TDRA tables (including the default table) if the new introduced TDRA table is not configured. 
Proposal 12: A new TDRA table including the number of repetitions is introduced and the TDRA bit field in RAR UL grant indicates the number of repetitions for Msg3 initial transmission. 
·  FFS the selection of a TDRA table for a given UE.
1.10  On Msg3 re-transmission transmission
Regarding Msg3 re-transmission, Option 1 (DCI format 0_0 with CRC scrambled by TC-RNTI) was agreed for repetition indication. 
	Agreements: For indication of the number of repetitions for Msg3 re-transmission, Option 1 (i.e., using DCI format 0_0 with CRC scrambled by TC-RNTI) is adopted. 



Similar as Msg3 initial transmission, the number of repetition for re-transmission can also be indicated by TDRA bit field in DCI format 0_0 with CRC scrambled by TC-RNTI.
Proposal 13: The TDRA bit field in DCI format 0_0 with CRC scrambled by TC-RNTI indicates the number of repetitions for Msg3 re-transmission. 
 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 9, 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. 

[image: ]
Figure 9 Mutilplexing among two legacy UEs without Msg3 repetition and one Rel-17 UEs with Msg3 repetition
Observation 6: Intra-slot FH could provide additional flexibility for UE multiplexing.   
Proposal 14: 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. 
· FFS: signaling design.
 RV pattern
In RAN1#104b-e, the following agreements were reached regarding the RV determination for Msg3 repetition. 
	Agreements: For the determination of RV for Msg3 PUSCH repetition, 
· RV of the first repetition is determined in the same way as legacy.
· Use RV 0 for the first repetition of Msg3 PUSCH initial transmission.
· Use a dynamically indicated RV id via DCI 0_0 with CRC scrambled by TC-RNTI for the first repetition of Msg3 PUSCH re-transmission.
· FFS determination of the RV sequence.  



One remaining issue is how to determine the RV sequence. In our view a predefined RV sequence [0 2 3 1] for Msg3 initial and re-transmission is sufficient. 
Proposal 15: For RV determination for Msg3 PUSCH repetition, a predefined RV sequence [0 2 3 1] is used for Msg3 PUSCH initial and re-transmission. 
 Start of Contention Resolution timer and PDCCH monitoring for Msg3 repetition
Based on the following texts from TS 38.321, each repetition for PUSCH is regarded as one re-transmission for regular PUSCH repetition in TS38.321. Then, for Msg3 PUSCH repetition, it is possible that MAC will use the same definition.
	The maximum number of transmissions of a TB within a bundle of the dynamic grant or configured grant is given by REPETITION_NUMBER as follows:
-	For a dynamic grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.1 of TS 38.214 [7];
-	For a configured grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.3 of TS 38.214 [7].
If REPETITION_NUMBER > 1, after the first transmission within a bundle, at most REPETITION_NUMBER – 1 HARQ retransmissions follow within the bundle. For both dynamic grant and configured uplink grant, bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle, HARQ retransmissions are triggered without waiting for feedback from previous transmission according to REPETITION_NUMBER for a dynamic grant or configured uplink grant unless they are terminated as specified in clause 6.1 of TS 38.214 [7]. Each transmission within a bundle is a separate uplink grant delivered to the HARQ entity.



In such case, it could be interpreted that the each HARQ retransmission is one repetition and the timer could be re-started in the first symbol after the end of the Msg3 transmission, whehre ‘the Msg3 transmission’ could be interpreted as each repetition, i.e., both transmission or retransmission is one repetition. Then, it seems MAC specification would support early termination of Msg3 repetition if no further specification change would be made. 
	5.1.5	Contention Resolution
Once Msg3 is transmitted the MAC entity shall:
1>	start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission;


On the other hand, it is also possible to interpret the Msg3 transmission in RAN2 specification includes all repetitions. Thus, it’s better to send an LS to RAN2 to ask their interpretation on the start of ra-ContentionResolutionTimer for Msg3 repetition. 
Proposal 16: Send an LS to RAN2 to ask their interpretation on the start of ra-ContentionResolutionTimer for Msg3 repetition.
 Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: Compared to using separate PRACH preamble with shared RO, using separate RO requires larger specification impacts and introduces more gNB complexity. 
Proposal 1: Support using separate PRACH preamble with shared PRACH occasions for requesting Msg3 repetition. 
Proposal 2: RAN1 decides whether to introduce an RSRP threshold for Msg3 repetition. 
·  Send RAN2 an LS regarding RAN1 decision. 
Proposal 3: The UE capability of supporting Msg3 PUSCH repetition is reported after initial access procedure according to existing mechanism for UE capability report. 
Proposal 4: PUSCH repetition is supported for a PUSCH scheduled by RAR UL grant including CFRA PUSCH, while no optimization specific for CFRA PUSCH is considered. 
Observation 2: It becomes very difficult for gNB to avoid the overlapping between Msg3 PUSCH repetitions and a PUCCH carrying HARQ-ACK/CSI. 
Observation 3: If UCI is multiplexed on Msg3 PUSCH, it requires blind decoding of Msg3 PUSCH with or without UCI multiplexing as along as a PUCCH from any UEs in the same cell would overlap in time with the Msg3 PUSCH.  
Proposal 5: Msg3 PUSCH repetitions can be overlapped with a PUCCH carrying HARQ-ACK/CSI, and UCI is not multiplexed in the overlapped Msg3 PUSCH repetitions.
Proposal 6: For a given UE, if one or more Msg3 repetitions overlap with a PUCCH carrying HARQ-ACK/CSI, the UE transmits PUCCH and drops the overlapped one or more Msg3 repetitions. 
Proposal 7: If a Msg3 repetition is dropped due to overlapping with PUCCH, it would be counted as one repetition in the total number of repetitions for Msg3 transmission. 
Proposal 8: If SFI is not configured, if a Msg3 repetition overlaps with the invalid symbols, the UE doesn’t transmit the repetition and it is NOT counted in the total number of repetitions for Msg3 transmission. 
·  FFS whether the flexible symbols indicated by tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated if provided are invalid symbols.
Proposal 9: If SFI is configured, regardless the DCI format 2_0 for SFI indication is detected by the UE or not, the flexible symbols are invalid symbols for transmission of Msg3 repetition. 
· If a Msg3 repetition overlaps with the invalid symbols, the UE doesn’t transmit the repetition and it is counted in the total number of repetitions for Msg3 transmission. 
Proposal 10: Msg3 PUSCH repetition cannot be cancelled by UL CI. 
Observation 4: Cross-slot channel estimation among 4 Msg3 repetitions can provide about 1 dB gain.
Observation 5: Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation per bundle can provide additional performance gain for Msg3 repetition.
Proposal 11: Support joint channel estimation for Msg3 repetition.
·  Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation is supported. 
Proposal 12: A new TDRA table including the number of repetitions is introduced and the TDRA bit field in RAR UL grant indicates the number of repetitions for Msg3 initial transmission. 
·  FFS the selection of a TDRA table for a given UE.
Proposal 13: The TDRA bit field in DCI format 0_0 with CRC scrambled by TC-RNTI indicates the number of repetitions for Msg3 re-transmission. 
Observation 6: Intra-slot FH could provide additional flexibility for UE multiplexing.   
Proposal 14: 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. 
· FFS: signaling design.
Proposal 15: For RV determination for Msg3 PUSCH repetition, a predefined RV sequence [0 2 3 1] is used for Msg3 PUSCH initial and re-transmission. 
Proposal 16: Send an LS to RAN2 to ask their interpretation on the start of ra-ContentionResolutionTimer for Msg3 repetition.
 Reference
[bookmark: _Ref525119031]3GPP RAN1#104b-e, R1-2104101, Feature lead summary #2 on support of Type A PUSCH repetitions for Msg3, Moderator (ZTE Corporation). 
3GPP RAN1#104b-e, Chairman’s notes. 
3GPP RAN1#103-e, R1-2007802, Correction for UCI on Msg3 PUSCH and MsgA, PUSCH, CATT.
Appendix
[bookmark: _GoBack]Table A-1 Simulation assumptions for inter-slot frequency hopping with inter-slot bundling for Msg3 repetition
	Parameter
	Value

	Carrier frequency
	4GHz

	Channel model
	TDL-C (delay spread: 300ns) 

	UE speed
	3 km/h for Urban 4GHz

	BS antenna configuration
	4Rx for 4GHz

	UE antenna configuration
	1 Tx

	System bandwidth
	100 MHz

	Sub-carrier spacing
	30kHz for 4GHz

	Occupied RB
	2

	MCS
	0

	Waveform 
	DFT-s-OFDM

	Number of OS per repetition
	14 (PUSCH mapping type A)

	DMRS overhead 
	4 DMRS symbols

	Number of repetitions
	4 

	Frequency hopping 
	w/o or w/ hopping

	Channel estimation
	Practical

	Receiver type
	MMSE


[bookmark: OLE_LINK6]

Uma_4GHz_1T4R_O2I
4 repetitions w/o FH	-15	-13.5	-12	-10.5	-9	0.27611	0.12705	0.05262	0.02341	0.0056	4 repetitions w/ inter-slot FH per repetition	-15	-13.5	-12	-10.5	-9	0.22449	0.06963	0.02021	0.0044	0.0008	4 repetitions w/o inter-slot FH, enabling cross slot channel estimation among 4 repetitions	-15	-13.5	-12	-10.5	-9	0.16186	0.07283	0.03301	0.0112	0.0014	4 repetitions w/ inter-slot FH per two repetitions, enabling cross slot channel estimation among 2 repetitions per hop	-15	-13.5	-12	-10.5	-9	0.14226	0.04262	0.0104	0.002	0.0004	
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