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1 Introduction

This contribution discusses factors should be considered in RA-RNTI calculation in NR, based on the following RAN1 and RAN2 agreements: 
RAN2 #99bis 
=>
At least time and frequency is used in the RA-RNTI formula

Unlike LTE, each SS burst set in NR can contain multiple SS blocks and one RACH transmission occasion can be associated with multiple SS blocks.
	1. Agreements (RAN1 #89): [3]

· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity

· Within this 5 ms window, number of possible candidate SS block locations is L

· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are

· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements
2. Agreements (RAN1 #90bis) [4]

· If many SSBs are mapped to one RACH transmission occasion, NR supports at least a mapping from different SSBs to non-overlapping subsets of RACH preamble indices within one RACH transmission occasion.

· FFS: Mapping to overlapping subsets


Besides, unlike LTE, each slot and subcarrier region in NR can contain multiple RACH transmission occasions because multiple ‘short’ RACH transmission occasions can fit into one slot. This phenomenon can be implicitly understood from the following agreement.

	Agreements [4]:

· One PRACH format is configured for a cell
· FFS the impact BWP/SUL
· For PRACH formats based on short sequence length

· Format A and format B is considered as a package for the PRACH configuration, configures either format A/B or format C 

· If format A/B is configured, the last PRACH resource within a RACH slot uses the format B and other PRACH resources within the RACH slot uses format A 

· At least support only format B4 within a RACH slot, in the case of a single PRACH occasion within a RACH slot
· FFS Support a PRACH format taken from A0/A1/A2/A3 within a RACH slot 


2 Discussion
The agreements mentioned above suggest that, for single Msg1 transmission, the combination of RA-RNTI and RAR payload in NR should convey the preamble index and time-frequency location of a detected preamble. The conveyed time-frequency location should implicitly/explicitly convey the symbol and slot index of the RACH transmission.

Proposal 1. For single Msg1 transmission, the preamble index and time-frequency location of a detected preamble are identified through the combination of RA-RNTI and RAR payload, as in LTE.

2.1 Dependency of RA-RNTI on Different Parameters

2.1.1 Frequency

Like LTE, NR should also support RA-RNTI depending on the subcarrier region index.
Proposal 2: RA-RNTI calculation includes at least the subcarrier region index of Msg1 transmission.
2.1.2 Time

The time location of Msg1 can be a function of sub-frame index, slot index within a sub-frame and symbol index within a slot. Hence, in one option, RA-RNTI can be a function of sub-frame, slot and symbol index. However, as [5] showed, this significantly increases RA-RNTI size.

As [5] showed, the number of possible RACH transmission occasions within a sub-frame is much less than the number of symbols within a sub-frame. Hence, the time location of Msg1 within a sub-frame can be identified as the RACH transmission index within the sub-frame. NR should support conveying RACH transmission occasion (RO) index, instead of symbol and slot index, through the combination of RA-RNTI and RAR.

Proposal 3: RA-RNTI calculation includes at least index of RACH transmission occasion, instead of symbol and slot index.

2.1.3 Uplink index

In RAN1 #90, agreement was made that in a cell configured with a supplemental uplink (SUL), UEs can perform RACH procedure on either uplink. With this agreement, we believe it is necessary to include uplink index in the calculation in the RA-RANTI calculation.  Otherwise, if two UEs happen to transmit on different uplinks but in the same RO using the same preamble, they would have the same RA-RNTI. That would lead to collision when they transmit Msg3 based on the same UL grant given in the same Msg2. 

Proposal 4. RA-RANI calculation includes at least uplink index in a cell configured with supplemental uplink.
2.1.4 SS Block Index

The agreements shown in the background section suggest that the combination of RO and RACH preamble index can be conveyed to the UE through different combinations of RA-RNTI and RAR payload. We focus on the following two alternatives here:

· Case I: RA-RNTI is a function of RO index but not SSB index.
· Case II: RA-RNTI is a function of both SSB and RO index.
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Figure 1: Different cases of the dependency of RA-RNTI on RO and SSB index during many-to-one mapping from SSB(s) to RACH resource(s)

Figure 1 shows mapping from multiple SSBs to one RACH occasion (RO). If RA-RNTI is a function of both SSB index and RO index, RAR corresponds to only one SSB. On the other hand, if RA-RNTI is a function of RO index but not SSB index, RAR may correspond to multiple SSBs that got mapped to the same RO.

If RA-RNTI is a function of both SSB index and RO index, a UE that selected the ‘red’ SSB will only receive the RAR grant corresponding to its own SSB. It will not receive the RAR grant corresponding to the ‘blue’ SSB. However, this alternative limits gNB’s flexibility during Msg2 transmission. With this alternative, gNB cannot transmit RAR corresponding to multiple SSBs simultaneously. 

Observation 1. Making RA-RNTI dependent on both RO and SSB index reduces gNB flexibility since it cannot transmit RARs corresponding to multiple SSBs with one RAR MAC PDU.

NR has not yet agreed what RAPID inside RAR payload denotes. On the other hand, if multiple SSB(s) are mapped to one RACH transmission occasion, RAN1 has agreed to support at least one scenario where the SSB(s) are mapped to non-overlapping subsets of preamble indices through the following agreement:

	Agreements [4]:

· If many SSBs are mapped to one RACH transmission occasion, NR supports at least a mapping from different SSBs to non-overlapping subsets of RACH preamble indices within one RACH transmission occasion.

· FFS: Mapping to overlapping subsets


Now, if RAPID within RAR payload denotes preamble index within the RO, then making RA-RNTI as a function of both RO and SSB index will generate some redundant information between RA-RNTI and RAR payload.

Besides, if one SSB is mapped to multiple ROs or only one SSB is mapped to one RO, then RO index itself implicitly conveys the SSB index. Making RA-RNTI as a function of both SSB and RO index will generate redundancy between RA-RNTI and RAR payload.

Observation 2.  Making RA-RNTI dependent on both RO and SSB index may lead to redundancy between RA-RNTI and RAR payload.

Based on the above observations, we do not think the RA-RNTI calculation needs to include SSB indices. 

Proposal 5.  RA-RNTI calculation does not need to include SS block index.
3 Summary

Based on the above discussions, we recommend RAN2 discusses the following observations and proposals:
Observation 1. Making RA-RNTI dependent on both RO and SSB index reduces gNB flexibility since it cannot transmit RARs corresponding to multiple SSBs with one RAR grant.

Observation 2. Making RA-RNTI dependent on both RO and SSB index may lead to redundancy between RA-RNTI and RAR payload.

Proposal 1. For single Msg1 transmission, the preamble index and time-frequency location of a detected preamble are identified through the combination of RA-RNTI and RAR payload, as in LTE.

Proposal 2. RA-RNTI calculation includes at least the subcarrier region index of Msg1 transmission.
Proposal 3. RA-RNTI calculation includes at least index of RACH transmission occasion, instead of symbol and slot index.

Proposal 4. RA-RANI calculation includes at least uplink index in a cell configured with supplemental uplink.
Proposal 5. RA-RNTI calculation does not need to include SS block index.
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