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[bookmark: DocumentFor]Introduction
[bookmark: _GoBack]At the RAN1-AH-1801 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-RACH occasion mapping, timing gap during RACH, UE transmit timing offset and details of RACH for connected mode UE.

2. SSB-RACH occasion mapping
2.1. Mapping periodicity
At the last meeting, RAN1 made following agreements [1].
	Agreements:
· For the cyclic mapping of association between ROs and all the actually transmitted SS/PBCH blocks, if there are leftover ROs after an integer number of cycles within the defined period, 
· no SS/PBCH blocks are mapped to these leftover ROs 



According to the agreements, for the cyclic mapping of association between ROs and all the actually transmitted SSBs, SSBs are not mapped to remaining ROs within the defined time period. But the issue of “the defined time period” is still open and following some alternatives were raised.

Alt1: mapping period is one PRACH configuration period
Alt2: mapping period is one/multiple RACH configuration period(s), number of which is smallest power of two 
Alt3: mapping period is 160 ms

Original Alt2 in the last meeting was that mapping period is minimum integer multiple of RACH configuration period such that all actually transmitted SSBs can be mapped within the period. However, potential issue was raised during the last meeting that RACH occasions at the same SFN in different rollover periods, i.e., period per 4096 SFN, are associated to different actually transmitted SSB when the number of RACH configuration periods for the mapping period is not a power of two. Then, as shown in Fig.1, Alt2 above was modified from the original one to solve such potential issue.
For FR2, various number of actually transmitted SSBs can be selected by gNB, e.g., 16, 32, 48, 64 and so on, and then these many cases need to be supported by different RACH configuration index in Alt1. In such case, the 8 bit RACH configuration table is not sufficient for enough flexibility. Otherwise, the number of SSBs which gNB can actually transmit would be restricted. 
On the other hand, in Alt2, one RACH configuration index can be applied for various number of actually transmitted SSBs since the number of RACH configuration period(s) can be accommodated based on the number of actually transmitted SSBs. In addition, in case that all actually transmitted SSBs can be mapped within one RACH configuration period, SSB-RACH occasion mapping is exactly same with Alt1. Thus, Alt2 just has more flexibility than Alt1.
Although we may basically be able to consider RACH configuration index where all actually transmitted SSBs can be mapped within one RACH configuration period, assuming PRACH format with long time duration, e.g., B4, many actually transmitted SSBs, e.g., up to 64, and full analogue BF with gNB, it is hard to determine RACH configuration indices with enough flexibility in Alt1.
Also, Alt3 has another potential issue. If SS burst set periodicity is less than 160 ms, relative position between a SSB and corresponding RACH occasion is different in different SSB periods. Then, UE complexity would be increased. For example, RACH occasions may be located immediately after corresponding SSB in some SSB periods while RACH occasions may be located apart from corresponding SSB in some other SSB periods. In addition, gNB scheduling/beam steering complexity would also be increased. For example, gNB may need to change Rx beam steering pattern in different SSB period even with the same slot index. In Alt2, although similar issue can be raised in some cases that SSB periodicity is less than mapping period, different relative position between a SSB and corresponding RACH occasion may happen within a mapping period which can be shorter  than Alt3.  
Therefore, NR should support Alt2.

Proposal 1: Mapping period is one/multiple RACH configuration period(s), number of which is smallest power of two 
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Figure.1: (Alt2) An example assuming number of actually transmitted SSB is 60 and number of SSBs which can be mapped to one RACH configuration period is 24


3. Timing gap during RACH
3.1. Minimum time gap between the end of the RAR window and Msg.1 retransmission
When UE receives RAR within RAR window, UE checks whether RAPID in the RAR corresponds to PRACH transmitted by the UE or not. If UE does not receive RAR containing the RAPID corresponding to PRACH transmitted by the UE, UE should be able to re-transmit Msg.1 after a certain time gap. At the last meeting, following alternatives for the time gap were proposed.

Alt1: N1+L2
Alt2: N1+N2+L2

It should be sufficient for the time gap to include processing time for RAR PDSCH (N1) and L2 processing time for checking RAPID (L2). PUSCH processing time (N2) would not be needed since the time gap is just for retransmission of PRACH. Thus, Alt1 should be supported.

Proposal 2: Minimum time gap between the end of the RAR window and Msg.1 retransmission is equal to duration of N1+L2.

3.2. Minimum time gap between Msg.4 and Msg.4 HARQ-ACK transmission
To design the indication of Msg.4 HARQ-ACK timing, minimum time gap between Msg.4 and Msg.4 HARQ-ACK transmission should be decided. PDSCH processing time for Msg.4 (N1) is needed, and L2 processing time for contention resolution (L2) is needed. Then, the minimum time gap between Msg.4 and Msg.4 HARQ-ACK transmission should be equal to duration of N1+L2.

Proposal 3: Minimum time gap between Msg.4 and Msg.4 HARQ-ACK transmission is equal to duration of N1+L2.

4. UE transmit timing offset
In LTE, section 8 in TS36.211 defines NTA offset for frame structure type 1 and 2, i.e., NTA offset =0 for FDD and NTA offset =624 for TDD. At the previous meeting, RAN4 discussed on values for NTA offset in NR and agreed as in Table I [2]. Based on this, RAN1 agreed that NTA offset can be the same with and without NR-LTE co-existence for TDD. However, another issue should be considered regarding NTA offset in terms of duplex mode.

Table I: The Value of  [Tc]
	Duplex Mode of cell used for uplink transmission
	


	FDD in FR1 or FR2
	0 (Note)

	TDD in FR1 without LTE-NR coexistence 
	25560 (correspond to 13 µs)

	TDD in FR2
	13763 (correspond to 7 µs)

	Note: Regardless of whether LTE-NR coexistence is configured or not in FR1



In case of FDD-TDD UL CA within the same TAG, if NR introduces different NTA offset between FDD and TDD as in LTE, special handling on NTA offset and/or NTA would be required again even in NR. For example, in case of FDD PCell and TDD SCell in LTE as shown in Figure 2, UE applies PCell UL transmit timing on SCell, i.e., follows NTA with NTA offset =0 even on TDD cell. Then, network needs to signal NTA on FDD PCell so that NTA   NTA offset (624), and NTA for each of all other UEs on FDD PCell also needs to be adjusted due to the FDD-TDD UL UE. For another example, in case of TDD PCell and FDD SCell in LTE, UE applies PCell UL transmit timing on SCell, i.e., follows NTA with NTA offset = 624 even on FDD cell. For other UEs on FDD SCell, network needs to signal NTA so that UL reception timings are aligned between TDD-FDD UL CA UE and other UEs.
To make specification and implementation simpler, we propose to support the same NTA offset value between FDD and TDD within the same frequency range.

Proposal 4: NR supports the same NTA offset value between FDD and TDD within the same frequency range.
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Figure 2: FDD-TDD UL CA with FDD PCell

5. RACH procedure for connected mode UE
5.1. PDCCH order
Contents of PDCCH order should be decided for design of DCI format. First, how UE selects SSB for RACH triggered by PDCCH order needs to be made clear. Following alternatives can be considered.

Alt1: it is up to UE how to select SSB for RACH triggered by PDCCH order
Alt2: UE is informed which SSB to be selected, e.g., indication of SSB index or RACH occasion index

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, it is beneficial to choose Alt1 in terms of RACH success probability and link quality even after RACH.

Proposal 5: NR supports RACH triggered by PDCCH order based on SSB selected by UE.

On the other hand, in some cases such as low mobility UE, Alt2 may be beneficial in terms of RACH capacity. Thus, PDCCH order can contain one bit for indication of how to select SSB for the RACH triggered by the PDCCH order, i.e., indication of whether Alt 1 or 2 above is selected.

Proposal 6: PDCCH order contains one bit for indication of how to select SSB for the RACH triggered by the PDCCH order.

For both Alt1 and Alt2, when each SSB has multiple associated RACH occasions, gNB should be able to indicate which RACH occasion for each SSB is available for the UE so that other RACH occasions can be allocated to other UE with same preamble index for RACH capacity. For the simplicity, indication of relative RACH occasion index for each SSB would be better than indication of absolute location of RACH occasion(s). In addition, relative preamble index for each SSB should also be indicated. For Alt2 case, SSB index(s) needs to be indicated in addition to relative RACH occasion index.

Proposal 7: PDCCH order contains indication of relative RACH occasion index and relative preamble index for each SSB and SSB index(s).

According to ssb-perRACH-Occasion, one SSB can be mapped to at most 8 RACH occasions. Then indication of relative RACH occasion index for each SSB can be realized by using 3 bits. Indexing order between time and frequency location of RACH occasions needs to be determined. We propose that indexing order for indication of relative time/frequency location of RACH occasions for each SSB is frequency first and then time, as shown in example in Figure 3.

Proposal 8: Frequency-first indexing order is applied for 3 bits indication of relative time/frequency location of RACH occasions for each SSB.
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Figure.3: indexing order for indication of relative time/frequency location of RACH occasions for each SSB

Table II shows proposed contents of PDCCH order based on discussion above. UL/SUL indicator seems to be needed. UL BWP index should be considered for the case where multiple UL BWPs have corresponding RACH configuration. In addition, for the case where PDCCH order is triggered when the UL BWP without RACH configuration is active, default UL BWP for PRACH transmission based on PDCCH order should be considered. If such default UL BWP for PRACH transmission based on PDCCH order is defined, UL BWP index may not be needed in PDCCH order. Also, whether RACH occasion associated with CSI-RS can be used for RACH triggered by PDCCH order should be clarified.

Table II: The contents of PDCCH order
	Field
	Bit size
	Need

	Relative location of time/frequency RACH occasions
	3 bits
	Needed

	Relative preamble index
	6 bits
	Needed

	indication of whether UE is informed which SSB to select
	1 bit
	Needed if Alt2 is supported

	SSB index
	6 bits
	Needed if Alt2 is supported

	UL/SUL indicator
	1 bit
	Needed

	UL BWP index
	FFS
	FFS

	Carrier ID
	FFS
	FFS




5.2. RA-RNTI considering UL BWP
In equation RA-RNTI = 1 + s_id + 14*t_id + 14*X*f_id + 14*X*Y*ul_carrier_id, the size of f_id, i.e., Y, is open issue. In addition, whether f_id can be per UL BWP or regardless of UL BWP needs to be clarified, especially for FDD. From UE perspective, UE can be configured with at most 4 UL BWPs and UE has only one active UL BWP at a time. Then, two alternative of the size of f_id can be considered, which are Y = 8, i.e., per UL BWP, and Y = 32, i.e., per multiple configured UL BWPs. 
One possible scenario is that NW configures single same UL BWP configuration to different UEs. In such case, Y = 8 is enough since multiple PRACH from other UEs can be multiplexed in multiple RACH occasions in frequency domain within the UL BWP, and f_id can be unique for different RACH occasions in frequency domain within the UL BWP. Also, the size of RA-RNTI can be saved compared with the case of Y = 32. 
On the other hand, in order to further increase the RACH capacity, another possible scenario is that NW configures multiple different UL BWP configurations to different UEs. In such case, larger size of f_id such as Y = 32 would be needed since different UEs may transmit same PRACH preamble in different BWPs with same relative frequency location of RACH occasion within each BWP. 
Based on the discussion above, these two alternatives have different benefits/drawbacks. In addition, this issue has impact on RNTI design in RAN2. Therefore, Y = 8 should be selected if the size of RA-RNTI determined by RAN2 cannot accommodate Y = 32. 
In addition, the size of t_id, i.e., X is equal to the RAR window length in 120 kHz slots.

Proposal 9: In equation RA-RNTI= 1 + s_id + 14*t_id + 14*X*f_id + 14*X*Y*ul_carrier_id,
· The X value is equal to the RAR window length in 120 KHz slots (subframes * 8).
· The Y value is equal to 8 or 32 depending on possible size of RA-RNTI in RAN2.

6. Power ramping in case of LTE-NR power sharing
NR supports LTE-NR power sharing in EN-DC, and if PLTE + PNR > Ptotal, NR transmit power can be dropped based on dynamic power sharing capability.  Then, NR PRACH transmit power may also be dropped when there is simultaneous LTE UL transmission. In such case, NR PRACH transmit power in retransmission should not be ramped up since UE has not tried PRACH transmission with original power.

Proposal 10:In EN-DC, if NR PRACH transmit power is dropped based on LTE-NR dynamic power sharing, layer 1 shall notify upper layer to suspend power ramping counter so that UE does not conduct power ramping for next PRACH retransmission.

7. Conclusion 
In this contribution, we discussed on RACH procedure for NR. We made the following proposals. 

Proposal 1: Mapping period is one/multiple RACH configuration period(s), number of which is smallest power of two 
Proposal 2: Minimum time gap between the end of the RAR window and Msg.1 retransmission is equal to duration of N1+L2.
Proposal 3: Minimum time gap between Msg.4 and Msg.4 HARQ-ACK transmission is equal to duration of N1+L2.
Proposal 4: NR supports the same NTA offset value between FDD and TDD within the same frequency range.
Proposal 5: NR supports RACH triggered by PDCCH order based on SSB selected by UE.
Proposal 6: PDCCH order contains one bit for indication of how to select SSB for the RACH triggered by the PDCCH order.
Proposal 7: PDCCH order contains indication of relative RACH occasion index and relative preamble index for each SSB and SSB index(s).
Proposal 8: Frequency-first indexing order is applied for 3 bits indication of relative time/frequency location of RACH occasions for each SSB.
Proposal 9: In equation RA-RNTI= 1 + s_id + 14*t_id + 14*X*f_id + 14*X*Y*ul_carrier_id,
· The X value is equal to the RAR window length in 120 KHz slots (subframes * 8).
· The Y value is equal to 8 or 32 depending on possible size of RA-RNTI in RAN2.
Proposal 10:In EN-DC, if NR PRACH transmit power is dropped based on LTE-NR dynamic power sharing, layer 1 shall notify upper layer to suspend power ramping counter so that UE does not conduct power ramping for next PRACH retransmission.
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