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At the RAN1#92 meeting, remaining issues regarding RACH procedure were discussed and RAN1 made a number of agreements [1]. In this contribution, we discuss on remaining issues regarding SSB to RACH occasion mapping, timing gap during RACH, details of PDCCH order RACH.

2. SSB to RACH occasion mapping
At the last meeting, RAN1 made following working assumption [1].
	Working assumption:
· Time period for SSB to RO association is multiple of PRACH configuration periods
· The number of multiple PRACH configuration periods in the time period is the smallest value in the set {1, 2, 4} such that the number is
≥ Actually transmitted SSBs / SSBs that can be mapped to one PRACH config period
· The time period starts from frame 0



One discussion point is whether possible set of values for number of multiple PRACH configuration periods, i.e., {1, 2, 4}, is sufficient or not. In our understanding, if network configures less than (number of SSBs)/4 ROs within one RACH configuration period, UE assumes it is an error case. Then, the number of values in the set is trade-off between flexibility of network configuration and UE implementation complexity. In our view, even if the number of values in the set is increased, UE just considers more than 4 PRACH configuration periods by same principle as up to 4, and UE implementation complexity would not become so high. If more than 4 PRACH configuration periods are supported, network configuration is more flexible and designing RACH configuration table becomes easier, especially for preamble formats with long time duration, e.g., B4. From another aspect, in case of long RACH configuration period, e.g., x = 16, we should consider the need of large number of RACH configuration periods for the mapping period. For example, when x = 16 and 4 RACH configuration periods are needed for full mapping from all actually transmitted SSBs, the mapping period is 640 ms, where the interval between the sets of ROs is very long and RACH delay is worse. Therefore, the number of RACH configuration periods for the mapping period should be just limited such that maximum value of the mapping period is 160 ms, in order to balance both aspects of access delay and network configuration flexibility. For example, in case of x = 1, the number of RACH configuration periods for the mapping period is the smallest value in the set {1, 2, 4, 8, 16} such that all actually transmitted SSBs can be mapped within the period.

Proposal 1: Time period for SSB to RO association is multiple of PRACH configuration periods
· The number of multiple PRACH configuration periods in the time period is the smallest value in the set {1, 2, 4, 8, 16} such that the number is
≥ Number of actually transmitted SSBs / number of SSBs that can be mapped to one PRACH config period
· Maximum value of the time period is 160 ms
· The time period starts from frame 0

3. Minimum timing gap between the end of the RAR window and Msg1 retransmission
Timing gap between the end of the RAR window and Msg1 retransmission if a received Msg2 does not contain a response to the transmitted preamble sequence, RAN1 made following agreements.
	Agreements:
· If a received Msg2 does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence after the duration of N1 + new + L2.
· N1 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· new>=0, FFS
· L2=500 usec refers to the MAC layer processing time



In our understanding, N1 includes processing time for RAR PDSCH and processing time for preparing PUCCH. In case of PUCCH, additional time for preparing PUCCH is not specified. Then, if processing time just for preparing Msg1 retransmission does not need to be longer than the time for preparing PUCCH, new = 0 is sufficient.

Proposal 2: If a received Msg2 does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence after the duration of N1 + L2.
· N1 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· L2=500 usec refers to the MAC layer processing time

4. PDCCH order RACH
At the last meeting, two schemes for PDCCH order CFRA were discussed. In scheme 1, UE assumes that PDCCH order and PDCCH for Msg2 are QCLed with the same SSB/CSI-RS, and PDCCH order contains SSB index and relative RO index for RO indication. In scheme 2, UE is free to select an SSB, UE transmits Msg1 on the RO based on the selected SSB and relative RO index indicated by PDCCH order, and PDCCH for Msg2 is QCLed with the selected SSB. Scheme 1 was agreed as following.
	Agreements:
· UE assumes that the DMRS of both the received PDCCH order and the PDCCH of the corresponding Msg2 are QCLed with the same SSB/CSI-RS.
· gNB configures 9 bits to indicate RACH occasion index.
· 6 bits are used to indicate an SSB index
· Note: This SSB index is just intended to find the RACH occasion to transmit Msg1
· 3 bits are used to indicate the relative RACH occasion index that corresponds to the indicated SSB index
· Note: UE follows the SSB  CBRA mapping rule to find the specific RACH occasion.
· The SSB/CSI-RS that is QCLed with both the DM-RS of PDCCH order and the DM-RS of the PDCCH of the corresponding Msg2 is used for pathloss estimation associated with Msg1.



On the other hand, whether scheme 2 is supported or not is an open issue. Basically, it should be desirable that PRACH is transmitted based on the best SSB. Since gNB may not know the best SSB for each UE at that moment, it is beneficial that UE can select SSB for Msg1 transmission based on its measurement in order to improve RACH success probability and link quality even after RACH. At the last meeting, a need of changing SSB even when UE can receive PDCCH order was discussed. Downlink quality may not be so worse since UE can receive PDCCH order, but uplink quality based on the beam pair used for PDCCH order may not be good enough to detect PRACH successfully at the gNB since the beam pair used for PDCCH order may not be the best one for the UE at that moment. In scheme 2, uplink quality can be improved in addition to downlink quality since SSB selection for UE Tx beam and gNB Rx beam can be based on latest measurement at the UE. Also, scheme 2 is similar to CBRA case, and LTE supports CBRA triggered by PDCCH order when preamble index is set as one code point. CFRA based on scheme 2 is beneficial considering high RACH success probability of connected mode UE, especially in case of the cell where there are many idle mode UEs and a few connected mode UE. On the other hand, CBRA triggered by PDCCH order is also beneficial considering RACH resource efficiency. Thus, we propose NR supports both of CBRA and CFRA triggered by PDCCH order.

Observation 1: If UE can freely select SSB for CFRA triggered by PDCCH order, uplink quality including PRACH transmission can be improved in addition to downlink quality since SSB selection for UE Tx beam and gNB Rx beam can be based on latest measurement at the UE.
Proposal 3: NR supports CFRA triggered by PDCCH order based on SSB selected by UE.
Proposal 4: NR supports CBRA triggered by PDCCH order as in LTE.

If NR supports both scheme 1 and 2, PDCCH order should contain one bit for indication of how to select SSB for the RACH triggered by the PDCCH order, i.e., indication of whether scheme 1 or 2 is selected.

Proposal 5: PDCCH order should contain one bit for indication of how to select SSB for CFRA triggered by the PDCCH order.

In scheme 2 and CBRA triggered by PDCCH order, the issue on QCL of PDCCH for Msg2 was raised. If UE is free to select SSB, the selected SSB may not be QCLed with any one in all configured TCI states. If UE assumes PDCCH for Msg2 is QCLed with the selected SSB, we should consider which search space and CORESET UE should monitor after Msg1 transmission. Following two alternatives can be considered and should be down selected.

Alt1: After Msg1 transmission triggered by PDCCH order, UE monitors search space and CORESET based on the selected SSB according to the principle in initial access.
Alt2: For SSB selection to transmit Msg1 triggered by PDCCH order, UE is limited to select among SSBs corresponding to TCI states configured by RRC.

Proposal 6: Mechanism for Msg1 transmission triggered by PDCCH order based on SSB selected by UE and corresponding Msg2 reception is down-selected from following alternatives.
· Alt1: After Msg1 transmission triggered by PDCCH order, UE monitors search space and CORESET according to the principle in initial access.
· Alt2: For SSB selection to transmit Msg1 triggered by PDCCH order, UE is limited to select among SSBs corresponding to TCI states configured by RRC.

In scheme 1 and scheme 2, according to “ssb-perRACH-Occasion”, one SSB can be mapped to at most 8 ROs. Then indication of relative RO index for each SSB can be realized by using 3 bits as above agreements. In addition, indexing order between time and frequency location of ROs needs to be determined. We propose that indexing order for indication of relative time/frequency location of ROs for each SSB is frequency first and then time, as shown in example in Figure 1.

Proposal 7: Frequency-first indexing order is applied for 3 bits indication of relative time/frequency location of ROs for each SSB.
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Figure.1: indexing order for indication of relative time/frequency location of ROs for each SSB

5. Msg3 size
According to the LS from RAN2 [2], RAN2 asks RAN1 regarding Msg3 size. We should consider LTE Msg3 size as starting point of NR Msg3 size, i.e., 56 bits and 72 bits including MAC header of 1 octet. We should take into account impact on cell coverage based on NR Msg3 size and MAC header size contained in NR Msg3.

Proposal 8: NR considers LTE Msg3 size as starting point.

6. Conclusion 
In this contribution, we discussed on RACH procedure for NR. We made the following observation and proposals. 
Proposal 1: Time period for SSB to RO association is multiple of PRACH configuration periods
· The number of multiple PRACH configuration periods in the time period is the smallest value in the set {1, 2, 4, 8, 16} such that the number is
≥ Number of actually transmitted SSBs / Number of SSBs that can be mapped to one PRACH config period
· Maximum value of the time period is 160 ms
· The time period starts from frame 0
Proposal 2: If a received Msg2 does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence after the duration of N1 + L2.
· N1 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· L2=500 usec refers to the MAC layer processing time
Observation 1: If UE can freely select SSB for CFRA triggered by PDCCH order, uplink quality including PRACH transmission can be improved in addition to downlink quality since SSB selection for UE Tx beam and gNB Rx beam can be based on latest measurement at the UE.
Proposal 3: NR supports CFRA triggered by PDCCH order based on SSB selected by UE.
Proposal 4: NR supports CBRA triggered by PDCCH order as in LTE.
Proposal 5: PDCCH order should contain one bit for indication of how to select SSB for CFRA triggered by the PDCCH order.
Proposal 6: Mechanism for Msg1 transmission triggered by PDCCH order based on SSB selected by UE and corresponding Msg2 reception is down-selected from following alternatives.
· Alt1: After Msg1 transmission triggered by PDCCH order, UE monitors search space and CORESET according to the principle in initial access.
· Alt2: For SSB selection to transmit Msg1 triggered by PDCCH order, UE is limited to select among SSBs corresponding to TCI states configured by RRC.
Proposal 7: Frequency-first indexing order is applied for 3 bits indication of relative time/frequency location of ROs for each SSB.
Proposal 8: NR considers LTE Msg3 size as starting point.
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