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1. Introduction
Whether to support multiple PRACH configurations or not in a cell which includes more than one numerology is being discussed in RAN1. Considering the wide bandwidth cell in NR and much more UEs in one cell, multiple PRACH resources in different numerologies may be necessary to release the collision. In this contribution, we analyse the enhancement of RA procedure between different PRACH resources.
2. Discussion
In the initial access case, UE acquires PRACH resource from minimal SIB. Considering the capability of minimal SIB, it is not possible to include the PRACH resource and the other information of non reference numerology. So, UE can only transmit preamble via the PRACH resource in reference numerology, and all the RA steps shall also be in reference numerology.
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Figure 1: multiple PRACH in different numerologies

Proposal 1: the RA procedure in initial access shall be in reference numerology, and could not be across numerologies.

Another case is whether the RA procedure in non initial access cases could be across numerology or not.  For the contention based preamble, gNB does not know whether the reason for RA procedure is initial access or not, so the only action for gNB is transmitting msg2 via reference numerology. This is illuminated in full line in figure2. For the contention free preamble, gNB could distinguish the UE, so it is possible to transmit msg2 via other numerologies. It is gNB implementation to select the numerology to transmit msg2. However, if some RA procedures are across numerology and some others are not, UE shall monitor RA-RNTI in multiple numerologies, which is complex to UE. So the RA for non initial access shall not across numerologies 
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Figure 2: the complex of RA across numerologies
Proposal 2: the RA for non-initial access shall not be across numerologies either.

If there are multiple PRACH occasions in multiple numerologies, it is a good choice to disperse preamble transmission to the other numerologies when the preamble congestion happens. Because gNB could detect this congestion firstly, it is due to gNB to indicate this dispersing naturally. The backoff function in LTE is applied to indicate UE to postpone the next preamble transmission. This similar procedure could be reused to indicate UE to retransmit preamble not only in the predefined duration, but also in PRACH occasions of the other numerologies. In the example of figure 3, if there is PRACH occasion in numerology 3, UE could retransmit preamble in this new numerology. Otherwise, all UEs shall continue to retransmit preamble via PRACH occasion in numerology 1, and the congestion could be continued. 
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Figure 3: UE retransmit preamble in different numerology
Proposal 3: gNB may request UE to retransmit preamble on other numerologies, in a back-off like procedure.
In the scenario of LF cell and HF cell combination, preamble transmission in HF cell is helpful for gNB to choose the correct beam. However, the msg2 in HF may not be reliable because the signal of HF cell may fluctuate quickly. In this case, msg2 in LF cell is useful. This kind of across cell RA has been introduced in LTE to support the multiple TA. This is defined as RA procedure across cell, not the RA procedure across numerology.

Proposal 4: In the scenario of LF assisted HF, msg1 in HF and msg2 in LF shall be supported. 

In LTE, UE could transmit preamble in SCell, and receive msg2 in PCell without any modification to RA-RNTI computation. The work assumption for this across cell RA procedure is the same TTI length in PCell and SCell, which does not exist in NR. In NR, HF cell applies short TTI, and LF cell applies long TTI, so the RA-RNTI computation may be enhanced. Figure 4 is an example.
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Figure 4: different TTI length of HF cell and LF cell
In figure 4, UE transmits preamble in HF cell and receives RAR in LF cell with:

 RA-RNTI = 1+ slot_id +(1+max_slot_id)*f_id
Because the max_slot_id and f_id are included in this formula, every PRACH occasion in HF cell could be identified.

Proposal 5: RA-RNTI computation shall be enhanced to support msg1 in HF and msg2 in LF.
3. Conclusion
In this contribution, RA procedure in multiple numerology case and the HF-LF combination case is discussed. It is proposed:
Proposal 1: the RA procedure in initial access shall be in reference numerology, and could not be across numerologies.
Proposal 2: the RA for non-initial access shall not be across numerologies either.
Proposal 3: gNB may request UE to retransmit preamble on other numerologies, in a back-off like procedure.
Proposal 4: In the scenario of LF assisted HF, msg1 in HF and msg2 in LF shall be supported.
Proposal 5: the RA-RNTI computation shall be enhanced to support msg1 in HF and msg2 in LF.
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