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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we discuss the remaining issues related to RACH procedures.
[bookmark: _Ref129681832]Prioritization between PRACH and SRS/PUXCH
If a UE requested to transmit PRACH and PUSCH/PUCCH/SRS by higher layers at the same time, UE needs to do some prioritizations for single channel transmission. It depends on the usage of PRACH and PUSCH/PUCCH/SRS, where the prioritization should be decided by RAN2.
Search space for RACH procedure
 It has been identified that the RMSI search space is not a good default search space for RACH procedures, since the periodicity may be 20ms where the largest RAR window is only 10ms. In order to potentially reduce the RMSI size, new default search space is needed. One simple default search space is to use first symbol index within a slot from RMSI search space, configured in MIB, but apply it in every other slots. In case there are multiple search space sets in a slot, corresponding to different SSBs, a UE monitors the search space with the smallest first symbol index within a slot. If a search space overlaps in time with UL part, the search space in that particular slot is invalid.
Proposal 1: Default search space for RACH procedures is the search space for RMSI plus reusing the search space with first symbol index within a slot from RMSI search space to other slots without RMSI search space. 
A Text Proposal is proposed in Appendix A for TS 38.213.
Msg3 enhancements
RAN2 sends an LS to RAN1 about MSG3 size for contention based random access [1]. As the LS suggests, the MSG3 size of RRC Connection Request and RRC Connection Resume Request will be 56 bits and 72 bits respectively. Compared with LTE MSG3 size of 56 bits and 72 bits with 1 byte MAC header, the potential increasing size may degrade the performance. 
In the LS[2], we have pointed out that for NR PUSCH, based on existing RAN1 evaluations, TB size of 72 bits leads to more than 0.6dB increase of required Es/N0 compared to TB size of 56 bits under the same condition in various evaluation environments. As illustrated in Figure 1, Msg3 TB size larger than 56 bits for NR has a risk of reducing the coverage of Msg3 PUSCH compared to LTE Msg.3 PUSCH. In other words, the cell edge user cannot do RRC Connection Request, where gNB will only schedule 56bits for the cell edge users if considering the same coverage as LTE.
[image: cid:image003.jpg@01D3E3C9.1E19B810]
Figure 1. Uplink cell range decrease with pathloss decrease by 0.6db
As the gNB does not know the UE state before the RACH, basically there are three alternatives to consider:
· Alt 1: gNB always allocates MSG3 TBS of 56 bits
· Alt 2: Support minimum MSG3 TBS of 72bits with limited coverage loss compared with LTE
· Alt 3: Support minimum MSG3 TBS of 72bits where gNB can allocate multiple slots for the MSG3 repetition to enhance the coverage
For Alt1 of 56 bits TBS for MSG3, without considering the DMRS of MSG3, the performance should be identical to LTE. However the shortfall is that in case the UE is in RRC_INACTIVE state, it has to fall back to RRC_IDLE to perform RRC Connection Request instead of RRC Connection Resume Request, which may enlarge the CP latency. 
For Alt2, it can be observed from Figure 1 that the 0.6dB SNR loss will roughly cause 3.5% coverage loss regardless of the original cell size. For example, original 10Km cell coverage with 0.6dB SNR loss will lead to 350m cell shrink.
For Alt3, the remaining issue is the criteria to determine whether the repetition is need for UE. Principally this can be achieved by the open-loop power control. According to RAN1 agreements, the UE transmitting power of the preamble is:

In case the UE transmitting at its largest power  but still not satisfying the target received power  for the gNB, the repetition can be adopted for MSG3 to enhance the coverage. The gNB can indicate the MSG3 repetition in RAR and allocate a successive number of slots for the repetition, e.g. 4 slots. The explicit starting symbol and length in the slots can be indicated in the 4 bits time domain resource field in RAR. For TDD, in case the OFDM symbols overlap with the semi-static DL/X part or RMSI CORESET or SSB, the slot can be skipped and repetition continues at the next available UL slot due to both the gNB and UE know the configuration. In case the OFDM symbols collided with PRACH, the repetition should be skipped to avoid the potential interference to PRACH. Besides, a redundancy version cycle in different slots can be adopted such as 0-2-3-1 to improve the robustness. For MSG3 retransmission, the same mechanism can be adopted and the repetition can be indicated in the MSG3 retransmission DCI.
Observation 1: For MSG3 enhancement, gNB can indicate repetition in MSG2 RAR or MSG3 retransmission DCI. In case the MSG3 OFDM symbols collided with DL/X part or RMSI CORESET or SSB, UE can skip the slot and continue the repetition at the next available UL slot.
Valid time for TA adjustment
In the previous RAN1 meeting, the following working assumptions are achieved:
Working assumption (RAN1#92bis):
[bookmark: _Hlk511886682]For a TA command in MAC-CE received on slot n, the corresponding adjustment of the uplink transmission timing shall apply from the beginning of slot n+k where k-1 is equal to ceil((duration of N1 + L2 + duration of N2 + TA_max)/slot_duration) and where
· N1 refers to the value determined in control session with front loaded plus additional DMRS and UE capability #1
· N2 also refers to the value determined in control session with UE capability #1
· L2 refers to the MAC processing latency and is equal to 0.5 msec.
· TA_max is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the UL SCS
· Note: Spec captures the value k for different SCS
· UE is not expected that UL transmissions in the same slot shall apply different TA values.
· If this happens, it is up to UE’s implementation.
· FFS: the reference SCS of slot n+k and the time duration of (k-1) slots when UL and DL have different SCSs.  
However since N1, N2, TA_max are dependent on the UL SCS, if a UE is configured with multiple UL cells of different SCS in one TAG, the valid time for TA adjustment may not be aligned due to the different UL SCSs. For example, if a UE is configured with one DL of 30 KHz SCS and two UL of 15 KHz and 30 KHz SCSs. For UL of 15KHz SCS and use 15KHz as the reference SCS for the (k-1) slot, the valid time for TA adjustment is ceil((13+10+7+28)/14)=5 slots (5ms)., the corresponding adjustment of the uplink transmission timing shall begin at n+6 slots (5ms). For UL 30KHz and use 30KHz as the reference SCS for the (k-1) slot,  the valid time for TA adjustment is ceil((13+12+14+28)/14)=5 slots (2.5ms), then the corresponding adjustment of the uplink transmission timing shall begin at n+6 slots(2.5ms). The different valid time of TA for different ULs would lead to inconsistent TA values among the ULs in one TAG.
In order to guarantee the necessary processing time for both PDSCH and PUSCH of all ULs, the reference UL SCS to determine N1 and N2 should be the smallest UL SCSs in the TAG. TA_max should represent the maximum TA values that the cell could support. In case the UL SCSs are different from the Msg3 SCSs for UL and SUL, the TA_max should be based on min(Msg3 SCSs, UL SCSs) to ensure TA_max value is larger than the practical TA values. Furthermore, to ensure that the effective timing will not be within a slot for the smallest UL SCS, the reference SCS of the time duration of (k-1) slots is the smallest UL SCS.
For example, if a UE configured with DL SCS of 30 KHz and two UL of 15 KHz and 30 KHz, with Msg3 SCS of 15 KHz, for N1 and N2, the reference UL SCS should be 15 KHz, for TA_max the reference SCS should be 15KHz. The overall valid time for both 15KHz and 30 KHz UL are ceil((13+10+7+28)/14)=5 slots(5ms), the corresponding adjustment shall begin at n+6 slots(5ms) for 15KHz UL and n+11 slots(5ms) for 30KHz UL, which can avoid the issue of inconsistency for valid time of TA adjustment.
Proposal 2: Confirm the working assumption with the following updates:
If UE is configured with multiple active UL BWPs within one TAG:
· The smallest UL SCS within the TAG is the reference UL SCS to determine N1 and N2
· TA_max is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the smallest SCS of Msg3 SCSs configured in RMSI and UL SCSs within the TAG
· The reference SCS of the time duration of (k-1) slots is the smallest UL SCS
[bookmark: _GoBack]A Text Proposal in given in Appendix B.
PDCCH order content for RACH procedure
RAN2 has send two LS[3,4] about the content of PDCCH order for triggering RACH procedure. In [3], RAN2 assumes that the PDCCH order should contain the following fields:
· Random Access Preamble index – Indicating which Random access preamble to use in case of contention-free random access procedure, or the value 000000 in case of contention-based random access procedure
· BWP index – Indicating which BWP to transmit the Random access preamble on
· SUL indicator – Indicating whether to transmit the Random access preamble on SUL or normal uplink carrier
In [4], RAN2 has made the following agreement on the design of the PRACH table:
· We confirm that we do have a PRACH mask index
· The PRACH table for RRC signaling should be applicable for all the SSBs.
· The PRACH mask is 4 bits, and is used for both RRC and PDCCH order. 
· The PRACH mask indicates 16 indices in the PRACH table. Within the table: (a) one index for all the RACH-Occasions; (b) 8 indices for 8 RACH-Occasions; (c) 1 index for the even number of RACH-Occasions and 1 index for the odd number of RACH-Occasions.
RAN2 suggest RAN1 to increase the number of bits to indicate the relative RACH occasion index from 3 bits to 4 bits. RAN2 also suggest RAN1 to adopt the name “PRACH mask index” instead of “relative PRACH occasion index”. There are some discussions on whether BWP index should be included in the PDCCH order. From our point of view, if BWP index is not included, there are some problems when the active UL BWP does not contain PRACH resources. In such case, gNB has to first indicate UE to switch the active UL BWP and then trigger UE to transmit RACH by PDCCH order. Therefore, we have following proposal.
Proposal 3: The following contents should be included in the PDCCH order and inform RAN2.
· Random Access Preamble index – 6 bits. Indicating which Random access preamble to use in case of contention-free random access procedure, or the value 000000 in case of contention-based random access procedure
· BWP index. Indicating which BWP to transmit the Random access preamble on
· SUL indicator – 1 bit. Indicating whether to transmit the Random access preamble on SUL or normal uplink carrier
· For CFRA only:
· SSB index - 6 bits are used to indicate an SSB index, which, in turn, identifies a group of RACH occasions
· PRACH mask index - 4 bits are used indicates 16 indices in the PRACH table. Within the table: (a) one index for all the RACH-Occasions; (b) 8 indices for 8 RACH-Occasions; (c) 1 index for the even number of RACH-Occasions and 1 index for the odd number of RACH-Occasions

Conclusions
Proposal 1: Default search space for RACH procedures is the search space for RMSI plus reusing the search space with first symbol index within a slot from RMSI search space to other slots without RMSI search space. 
Observation 1: For MSG3 enhancement, gNB can indicate repetition in MSG2 RAR or MSG3 retransmission DCI. In case the MSG3 OFDM symbols collided with DL/X part or RMSI CORESET or SSB, UE can skip the slot and continue the repetition at the next available UL slot.
Proposal 2: Confirm the working assumption with the following updates:
If UE is configured with multiple active UL BWPs within one TAG:
· The smallest UL SCS within the TAG is the reference UL SCS to determine N1 and N2
· TA_max is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the smallest SCS of Msg3 SCSs configured in RMSI and UL SCSs within the TAG
· The reference SCS of the time duration of (k-1) slots is the smallest UL SCS
Proposal 3: The following contents should be included in the PDCCH order and inform RAN2.
· Random Access Preamble index – 6 bits. Indicating which Random access preamble to use in case of contention-free random access procedure, or the value 000000 in case of contention-based random access procedure
· BWP index. Indicating which BWP to transmit the Random access preamble on
· SUL indicator – 1 bit. Indicating whether to transmit the Random access preamble on SUL or normal uplink carrier
· For CFRA only:
· SSB index - 6 bits are used to indicate an SSB index, which, in turn, identifies a group of RACH occasions
· PRACH mask index - 4 bits are used indicates 16 indices in the PRACH table. Within the table: (a) one index for all the RACH-Occasions; (b) 8 indices for 8 RACH-Occasions; (c) 1 index for the even number of RACH-Occasions and 1 index for the odd number of RACH-Occasions
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Appendix A: TP of search space for RACH procedure (TS 38.213)
------------------------------------------ Start of Text Proposal ----------------------------------------------
10.1 	UE procedure for determining physical downlink control channel assignment
---------------------------------------- Unchanged parts omitted --------------------------------------------
If a UE is not provided higher layer parameter ra-SearchSpace for Type1-PDCCH common search space set, the control resource set and the association between PDCCH monitoring occasions for Type1-PDCCH common search space set and the SS/PBCH block index are same as the control resource set and the association of PDCCH monitoring occasions for Type0-PDCCH common search space set as described in Subclause 13 plus reusing the control resource set with first symbol index within a slot from Type0-PDCCH common search space set to other slots without Type0-PDCCH common search space set.. The CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level are given in Table 10.1-1.
---------------------------------------- Unchanged parts omitted --------------------------------------------
-------------------------------------------- End of Text Proposal ---------------------------------------------
Appendix B: TP of valid time for TA adjustment (TS 38.213)
------------------------------------------ Start of Text Proposal ----------------------------------------------
4.2	Transmission timing adjustments
---------------------------------------- Unchanged parts omitted --------------------------------------------










For a timing advance command received on slot , the corresponding adjustment of the uplink transmission timing applies from the beginning of slot  where  where  is a time duration of  symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured,  is a time duration of  symbols corresponding to a PUSCH preparation time for PUSCH processing capability 1 [6, TS 38.214],  is the maximum timing adjustment value that can be provided by the 12 bit TA command field with respect to the smallest subcarrier space of Msg3 configured in SIB1 and all active UL BWPs within the TAG,  is a number of slots per subframe, and  is the subframe duration of 1 msec.  is with respect to the lowest subcarrier spacing of all active UL BWPs within the TAG.  
---------------------------------------- Unchanged parts omitted --------------------------------------------
-------------------------------------------- End of Text Proposal ---------------------------------------------
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