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Background
In RAN1#105-e meeting, several agreements were made for type A PUSCH repetition for msg3. We discuss remaining details of msg3 procedure.
UE request of msg3 PUSCH repetition
In RAN1#105-e meeting [1], the following agreement was made for UE request of msg3 PUSCH repetition.
	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.

Agreement: A UE requests Msg3 PUSCH repetition at least when the RSRP of the downlink pathloss reference is lower than an RSRP threshold.
· FFS the determination of the RSRP threshold.




1.1. Sharing of ROs with 2-step RA and ROs 4-step RA with msg3 repetition request
In the agreement above, the definition of shared RO is FFS. It should be clear that, from the gNB perspective, sharing ROs for 2-step RA and ROs for 4-step RA with msg3 repetition request should be supported. On the other hand, since the support of 2-step RA in Rel-16 is optional according to the latest UE feature list [2], RRC configuration regarding the 2-step RA is not visible to some Rel-17 UEs without 2-step RA capability. Design of shared RO should take those UEs into account. 
Proposal 1: From the gNB perspective, sharing ROs for 2-step RA and ROs for 4-step RA with msg3 repetition request should be supported.
Proposal 2: UEs without 2-step RA capability should be considered for designing shared RO.
1.2. RO masking for shared ROs
In Rel-16 2-step RA, indication of mask index (by msgA-SSB-SharedRO-MaskIndex) has been supported for sharing ROs with 4-step RA and ROs for 2-step RA. Figure 1 shows an example of preamble allocation for sharing ROs for 4-step RA and ROs for 2-step RA. Within a mapping cycle per SS/PBCH block (4 consecutive ROs in the example), preambles for 2-step RA are allocated only for ROs with even index (i.e., PRACH mask index 9). On the other hand, preambles for 4-step RA are allocated for all ROs in the mapping cycle.
As discussed above with proposal 1, from the gNB perspective, sharing ROs for 2-step RA and ROs for 4-step RA with msg3 repetition request should be supported. Therefore, if the gNB wants to allocate preambles for 4-step RA with msg3 repetition request and preambles for 2-step RA, supporting RO mask for preamble allocation for msg3 repetition request may be considered. For example, in the figure below, it is efficient to mask ROs for 4-step RA with msg3 repetition request by mask index 10 (i.e., odd ROs), which is different from the one for 2-step RA.
In general, to reduce the number of preambles per association period, mask index can be considered. Therefore, 
Proposal 3: Supporting RO masking for RO allocation for 4-step RA with msg3 repetition request can be considered.

 
Figure 1: RO masking within SSB-to-RO mapping cycle per SS/PBCH block
1.3. Preamble partitioning for shared ROs
Figure 2 shows an example of preamble partitioning. Here, R is the number of contention-based preambles for 4-step RA per SSB per RO, Q is the number of contention-based preambles for 2-step RA per SSB per RO, P is the number of contention-based preambles for 4-step RA with msg3 repetition request per SSB per RO, O is the number of remaining preambles for non-contention-based, Ntotal is the number of ramdom access preambles per RO for 2-step RA, 4-step RA, 4-step RA with msg3 repetition request and non-contention-based RA, excluding preambles for other purposes (e.g., SI request) and N is the number of SS/PBCH blocks per RO. Following the principle in 2-step RA, preambles for requesting msg3 repetition can be allocated after ones for 2-step RA from the gNB perspective. On the other hand, from the UE perspective, starting preamble index for requesting msg3 repetition should be indicated explicitly since some UEs without 2-step RA cannot identify the number Q. Therefore, for preamble partitioning, the UE should be indicated starting preamble index per SSB per RO.
Proposal 4: The UE should be indicated starting preamble index per SSB per RO to identify a set of preambles for requesting msg3 repetition.
Naturally, the number P should be also indicated by the gNB. Therefore, we propose,
Proposal 5: The UE should be indicated the number of preambles for requesting msg3 repetition per SSB per RO.


Figure 2: Preamble partitioning
1.4. Support for separate ROs
As in the agreement, it is an FFS whether to support separate ROs for requesting msg3 repetition. Option 2 is separate RO configuration and Option 3 is same RO configuration but using remaining ROs.
In our view, motivation of supporting separate ROs should be to use different PRACH format for requesting msg3 repetition and 4-step RA. If remaining ROs within an association period which are not mapped to any SS/PBCH block are used, different PRACH format cannot be used.
Therefore, we think Option 2 is better choice for separate ROs.
Proposal 6: If supported, separate RO should be achieved by separate random access configuration index.
1.5. RSRP threshold for requesting msg3 repetition
RSRP threshold adaptation is a strong tool for allocating PRACH resources for requesting msg3 repetition. For example, when the RSRP threshold is configured such that only the cell edge UE requests msg3 repetition, small number (e.g., 1 or 2) of preambles per SSB per RO is enough and when the RSRP threshold is configured higher than the former, more preambles per SSB per RO should be allocated. Therefore, to enable flexible RO allocation for requesting msg3 repetition, we propose,
Proposal 7: The gNB indicates a RSRP threshold for requesting msg3 repetition (e.g., by SIB1).
Indication of the number of repetitions
In RAN1#105-e meeting, the following agreements were made for rate-matching of TBoMS.
	Working assumption:
· Using an information field from the existing information fields in RAR UL grant for indication of the number of repetition of Msg3 initial transmission 
· Down-select only one from the following information fields in RAR UL grant for indication of the number of repetition of Msg3 initial transmission. 
· TDRA information field with introducing a new TDRA table including the repetition factors.
· MCS information field
· TPC information field
· CSI request information field
· FDRA information field
· The total size of RAR UL grant does not change.
· Position of all fields in the bit sequence of the RAR UL grant does not change, regardless of whether they are repurposed or not.
· FFS details, e.g., TDRA table selection, or whether/how to indicate which interpretation UE should use for the repurposed information field (legacy vs repurposed interpretation) etc. 

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.
· Option2: Use HARQ process number bit field in DCI format 0_0 with CRC scrambled by TC-RNTI.  




Decision of an information field reused for indicating the number of repetitions depends on the number of bits required for indication of the number of repetitions. To determine the number of bits, the maximum value required should be identified.
The coverage gap evaluated for msg3 in TR38.830 [3] has been summarized in Table 1 for scenario dependent target and Table 2 for service dependent target. The largest gap of 19.57 dB is observed in FR2. However, compensating 19.57 dB only by repetition framework is not realistic. The 2nd largest gap of 4.49 dB is observed from the service dependent target. On the other hand, several sources observed that 4 or 8 repetitions are required to compensate >4.49 dB. Therefore, we propose for RAN1 to decide 8 repetitions as the maximum value for msg3 repetition.
Proposal 8: The maximum value for msg3 repetition is 8.
For other values, employing 2 and 4 introduces enough scheduling flexibility. On top of that, no repetition (i.e., 1) should be also supported for indication of the number of repetitions. Therefore, 
Proposal 9: RAR UL grant should indicate a single value from 1, 2, 4 and 8.
Table 1: Summary of the coverage gap for msg3 for scenario dependent target
	Scenario
	Target
	MIL Rep. value
	Relative difference from the target channel
	MPL Rep. value
	Coverage gap from the target

	Rural 4GHz TDD NLOS O2I
	ISD=1732m with BS Tx power of 33dBm/MHz
	148.11 [dBm]
	5.86 [dB]
	129.68 [dBm]
	-1.90 [dB]

	Rural 700MHz FDD NLOS O2I
	ISD=4000m
	147.50 [dBm]
	2.96 [dB]
	129.88 [dBm]
	-0.60 [dB]

	Urban 28GHz TDD NLOS O2I
	ISD=200m
	139.72 [dBm]
	-3.41 [dB]
	103.53 [dBm]
	-19.57 [dB]



Table 2: Summary of the coverage gap for msg3 for service dependent target
	Scenario
	MCL Rep. value
	Coverage gap from the worse channel
	MIL Rep. value
	Coverage gap from the target

	Rural 700MHz FDD NLOS O2I
	134.71 [dBm]
	-4.49 [dB]
	147.50 [dBm]
	2.96 [dB]



Given the above proposal, 2 bits are required to indicate the number of repetitions. Therefore, CSI request information field, TPC information field and MCS information field cannot be reused. TPC information field should be kept for enough power control flexibility. Although some of the code points for MCS information field can be removed from the random-access procedure with msg3 repetition request. at least 10 code points used for QPSK should be kept for TBS adjustment.
Remaining fields are TDRA information field and FDRA information field. TDRA field with new TDRA table may lead to increased SIB1 overhead that just configuring the set of the number of repetitions. on the other hand, the amount of the overhead becomes small if the gNB wants new TDRA table for msg3 repetition.
Proposal 10: Support TDRA or FDRA field to indicate the number of repetitions.
Determination of available slots
In RAN1#105-e meeting, the following agreements were made for determination of available slots in AI8.8.3.
	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.

Agreement: Available slots for Msg3 PUSCH repetition do not depend on tdd-UL-DL-ConfigurationDedicated.

Agreement: Available slot for Msg3 PUSCH repetition depends on TDD-UL-DL-Configcommon. 
· A slot is determined as available for Msg3 repetition only if the consecutive symbols allocated for Msg3 repetition in the slot are all available symbols. 
· UL symbols indicated by TDD-UL-DL-Configcommon are determined as available for Msg3 repetition.
· FFS whether and how to use flexible symbols indicated by TDD-UL-DL-Configcommon.


Agreement: Available slot for Msg3 PUSCH repetition doesn’t depend on dynamic SFI in DCI format 2-0.

Agreement: Available slot for Msg3 PUSCH repetition doesn’t depend on UL CI.





In RAN1#105-e meeting, the following agreements were made for determination of available slots in AI8.8.1.1.
	Agreement:
· RV cycling is based on available slot for the Type A PUSCH repetition enhancement with repetitions counted based on available slot in Rel-17

Agreement:
· Each available slot identified by the UE is considered as a transmission occasion for PUSCH repetition.
· RV is cycled across transmission occasions, irrespective of whether PUSCH transmission in the transmission occasion is further omitted or not.

Agreement:
· If PUSCH symbol in a slot overlaps with flexible symbol(s) with SSB transmission, the slot is determined as not available during the counting of repetitions. As there is no PUSCH in the slot, no PUSCH omission applies to the slot.

Agreement:
Select one from the following (further refinement of the alternatives can be further discussed), for the procedure of Rel-17 PUSCH repetition Type A (other alternatives are not precluded)
· Alt 1-B consisting of two steps
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI
· Step 2: The UE determines whether to drop a PUSCH repetition or not according to Rel-15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.
· Alt 1-B’ consisting of two steps
· Step 1: Determine K repetitions based on available slots, where the available slot is the UL slot and flexible slot indicated by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.
· Step 2: The UE determines whether to drop a PUSCH repetition or not according to Rel-15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.
· FFS: handling of dynamic signaling (e.g. UL CI, DCI for high priority channel), e.g., UE without CI capability
· Alt 2-A consisting of a single step
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) and dynamic signaling (e.g. SFI, UL CI, DCI for high priority channel) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI
· Alt 2-B consisting of two steps
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) and dynamic SFI in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI
· FFS timeline for the dynamic signalling
· Step 2: The UE determines whether to drop a PUSCH repetition or not according to Rel-15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.




As agreed in AI8.8.1.1, RV is cycled by transmission occasions which are identified by determination of available slots. Msg3 repetition should follow the agreement in AI8.8.1.1.
Proposal 11: RV is cycled by transmission occasions which are identified by determination of available slots for msg3 repetition.  
At the last meeting, there is an FFS point on whether and how to use flexible symbols indicated by tdd-UL-DL-ConfigCommon. Motivations to use flexible slots in tdd-ul-dl-ConfigCommon are as follows.
1) Configuring a pattern that is not possible only by tdd-ul-dl-ConfigCommon
2) Operating with dynamic TDD
Figure 3 shows an example of configuring a pattern that is not possible only by tdd-ul-dl-ConfigCommon. If the gNB wants to operate with multiple UL/DL switching points as in Figure 3(b) within a short duration (e.g., 5 slots), reconfiguration of cell-specific configuration by tdd-ul-dl-ConfigDedicated is required. It should be noted that, if cell-specific flexible slots are reconfigured to a UL/DL switching point, the flexible slots are not available for PUSCH repetition. Therefore, for msg3 repetition, such a flexible slot should be unavailable.
If the gNB wants to operate with dynamic TDD, it should be noted that periodic signals (e.g., SS/PBCH blocks, periodic CSI-RS, SPS PDSCH) should be minimized. If dynamic DL/UL change occurs only at a part of slots (i.e., only a part of slots configured as flexible is used for dynamic DL/UL change), such periodic signals should be confined within downlink slots configured by tdd-ul-dl-ConfigCommon. If dynamic DL/UL change can occur in every slot (i.e., all slots are flexible), periodic signals shouldn’t be configured. Therefore, for dynamic TDD, there is no need to specify msg3 repetition collision handling for any downlink signals. It means that all flexible slots are available for dynamic TDD. Therefore, the gNB should have flexibility in availability of flexible slots.
Proposal 12: The gNB configures whether flexible slots by tdd-ul-dl-ConfigCommon are available or not.


Figure 3: An example of Cell-specific and UE-specific TDD pattern
As discussed above, msg3 repetition collision handling for any downlink signals is not necessary. It means that the gNB will not schedule msg3 repetition in slots for DL. Therefore, 
Proposal 13: The gNB makes no conflict with msg3 repetition resource and dynamic SFI, as in Rel-15/16.
The next discussion point is msg3 repetition collision handling for any uplink signals. For initial access, there is no possibility of msg3 collision with other uplink signals. For RRC-connected UE, all uplink signals are released when RACH SR is triggered [4], which is in yellow highlight. Therefore, we don’t need to consider any collision with uplink signals.
Observation 1: No collision handling is necessary for RACH SR for RRC-connected UE and any other uplink signals.

	3GPP TS38.321 [4]
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…
As long as at least one SR is pending, the MAC entity shall for each pending SR:
1>	if the MAC entity has no valid PUCCH resource configured for the pending SR:
2>	initiate a Random Access procedure (see clause 5.1) on the SpCell and cancel the pending SR.
1>	else, for the SR configuration corresponding to the pending SR:
…
4>	if SR_COUNTER < sr-TransMax:
5>	instruct the physical layer to signal the SR on one valid PUCCH resource for SR;
5>	if LBT failure indication is not received from lower layers:
6>	increment SR_COUNTER by 1;
6>	start the sr-ProhibitTimer.
5>	else if lbt-FailureRecoveryConfig is not configured:
6>	increment SR_COUNTER by 1.
4>	else:
5>	notify RRC to release PUCCH for all Serving Cells;
5>	notify RRC to release SRS for all Serving Cells;
5>	clear any configured downlink assignments and uplink grants;
5>	clear any PUSCH resources for semi-persistent CSI reporting;
5>	initiate a Random Access procedure (see clause 5.1) on the SpCell and cancel all pending SRs.




Msg3 should be of higher priority than other uplink signals. Therefore, the gNB shouldn’t indicate cancellation where msg3 repetition is allocated. 
Proposal 14: The gNB makes no conflict with msg3 repetition resource and cancellation indication as in Rel-16.
1.6. Applicability to paired spectrum
In our companion paper [4], it is proposed to restrict applicability of the counting based on available slots to the unpaired spectrum. This restriction should apply also to msg3 repetition.
Proposal 15: For msg3 repetition, counting based on available slots is only applicable to unpaired spectrum. For paired spectrum, counting based on physical slots is applied.
Conclusion
In this contribution, we have the following observation:
Observation 1: No collision handling is necessary for RACH SR for RRC-connected UE and any other uplink signals.
[bookmark: _GoBack]In this contribution, we have the following proposals:
Proposal 1: From the gNB perspective, sharing ROs for 2-step RA and ROs for 4-step RA with msg3 repetition request should be supported.
Proposal 2: UEs without 2-step RA capability should be considered for designing shared RO.
Proposal 3: Supporting RO masking for RO allocation for 4-step RA with msg3 repetition request can be considered.
Proposal 4: The UE should be indicated starting preamble index per SSB per RO to identify a set of preambles for requesting msg3 repetition.
Proposal 5: The UE should be indicated the number of preambles for requesting msg3 repetition per SSB per RO.
Proposal 6: If supported, separate RO should be achieved by separate random access configuration index.
Proposal 7: The gNB indicates a RSRP threshold for requesting msg3 repetition (e.g., by SIB1).
Proposal 8: The maximum value for msg3 repetition is 8.
Proposal 9: RAR UL grant should indicate a single value from 1, 2, 4 and 8.
Proposal 10: Support TDRA or FDRA field to indicate the number of repetitions.
Proposal 11: RV is cycled by transmission occasions which are identified by determination of available slots for msg3 repetition.  
Proposal 12: The gNB configures whether flexible slots by tdd-ul-dl-ConfigCommon are available or not.
Proposal 13: The gNB makes no conflict with msg3 repetition resource and dynamic SFI, as in Rel-15/16.
Proposal 14: The gNB makes no conflict with msg3 repetition resource and cancellation indication as in Rel-16.
Proposal 15: For msg3 repetition, counting based on available slots is only applicable to unpaired spectrum. For paired spectrum, counting based on physical slots is applied.
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