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Introduction
At the previous RAN2#102 meeting, it was noted that the current specification of preamble allocation in 38.321 is not correct. This contribution further discusses this issue.
[bookmark: _Ref178064866]Discussion
In [1], it was noted that the current preamble allocation scheme in 38.321 does not take into account the case where several SSBs are mapped to the same RO. In this case, there must be separate Random Access preamble allocations per SSB in order to be able to signal the selected SSB.
In RAN1#92bis, the following agreement was made which serves as the baseline for the Random Access preamble allocations:
Agreement:
· For the case that N SSBs are associated with one RACH occasion, where N >= 1, the subset of cb-preamblePerSSB consecutive CBRA preambles associated with SSB i (i=0, …, N-1) starts from preamble index i*(64/N).  
[bookmark: _Toc517086167][bookmark: _Toc517262297]RAN1 distinguish two cases that need to be considered when allocating Random Access preambles, one or more SSBs per RO and less than one SSB per RO.
What can further be concluded is that the differentiating factor is not really N>=1 but N>1. If N=1, then there is only one SSB per RO and the Random Access Preamble allocation can be reused over SSBs. It should therefore be clear that the different cases to consider are N>1 and N<=1 for Random Access Preamble allocation.
[bookmark: _Toc517262298]The two cases that need to be considered when allocating Random Access preambles are, more than 1 SSBs per RO and less or equal one SSB per RO.
In 38.321, the number of SSBs per RACH occasion (ssb-perRACH-Occasion) and number of Contention Based preambles per SSB (CB-PreamblesPerSS) are given by of by the parameter ssb-perRACH-OccasionAndCB-PreamblesPerSS. In addition the parameter numberOfRA-PreamblesGroupA is also used when Preamble group B is configured and defines the number of contention based preambles in Preamble group A. It should be noted that if group B is not configured, the number of preambles in preamble group A is equal to the CB-PreamblesPerSS.
Allocation with no Preamble group B
From the above agreement, when more than one SSB is mapped to one RACH occasion (N > 1), it is clear that the contention based preamble allocation associated with SSB i when Random Access Preambles group B is not configured is given by
i*(64/(ssb-perRACH-Occasion)) to
i*(64/(ssb-perRACH-Occasion)) + CB-PreamblesPerSS -1.
The other case is when the number of SSBs per RACH occasion is less than or equal to one (N <= 1). In this case the contention based preamble allocation can be reused for each SSB and is for all SSBs given by 
0 to CB-PreamblesPerSS - 1.
Allocation with Preamble group B
In case Random Access Preambles group B is configured, the above allocations must be split into group A and group B preambles. The group A preambles use the lower parts of the allocations. 
For the first case with more than one SSB is mapped to one RACH occasion (N > 1), we obtain the following allocation:
Preamble group A:
i*(64/(ssb-perRACH-Occasion)) to
i*(64/(ssb-perRACH-Occasion)) + numberOfRA-PreamblesGroupA - 1;
Preamble group B:
i*(64/(ssb-perRACH-Occasion)) + numberOfRA-PreamblesGroupA to
i*(64/(ssb-perRACH-Occasion)) + CB-PreamblesPerSS - 1.
For the case when the number of SSBs per RACH occasion is less than or equal to one (N <= 1) we obtain:
[bookmark: _GoBack]Preamble group A:
0 to numberOfRA-PreamblesGroupA – 1;
Preamble group B:
numberOfRA-PreamblesGroupA to CB-PreamblesPerSS - 1.
Example
An illustration of the resulting preamble allocation for the case where two SSBs are mapped to the same RO is given in Figure 1. Both the case where Preamble group B is configured and when it is not is shown.
[image: ]
[bookmark: _Ref517350358]Figure 1 Illustration of preamble allocations for SSB1 and SSB2 for Preamble group A and Preamble group B, when configured.
To summarize, we believe the preamble allocation should be according to the following proposals for the different cases.
[bookmark: _Toc517086173][bookmark: _Toc517086236][bookmark: _Toc517088842][bookmark: _Toc517089128][bookmark: _Toc517262302][bookmark: _Toc517262855][bookmark: _Toc517269008][bookmark: _Toc517287640][bookmark: _Toc517287654][bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]In case more than one SSB is mapped to one RACH occasion and Random Access preamble group B is not configured, then for SSB i the group A preambles are given by
· [bookmark: _Toc517086174][bookmark: _Toc517086237][bookmark: _Toc517088843][bookmark: _Toc517089129][bookmark: _Toc517262303][bookmark: _Toc517262856][bookmark: _Toc517269009][bookmark: _Toc517287641][bookmark: _Toc517287655]i*(64/(ssb-perRACH-Occasion)) to i*(64/(ssb-perRACH-Occasion)) + CB-PreamblesPerSS - 1.
[bookmark: _Toc517086175][bookmark: _Toc517086238][bookmark: _Toc517088844][bookmark: _Toc517089130][bookmark: _Toc517262304][bookmark: _Toc517262857][bookmark: _Toc517269010][bookmark: _Toc517287642][bookmark: _Toc517287656]In case the number of SSBs mapped to one RACH occasion is at most 1 and Random Access preamble group B is not configured, then for all SSBs the group A preambles are given by 
· [bookmark: _Toc517086176][bookmark: _Toc517086239][bookmark: _Toc517088845][bookmark: _Toc517089131][bookmark: _Toc517262305][bookmark: _Toc517262858][bookmark: _Toc517269011][bookmark: _Toc517287643][bookmark: _Toc517287657]0 to CB-PreamblesPerSS - 1
[bookmark: _Toc517089132][bookmark: _Toc517262306][bookmark: _Toc517262859][bookmark: _Toc517269012][bookmark: _Toc517287644][bookmark: _Toc517287658][bookmark: _Toc517086177][bookmark: _Toc517086240][bookmark: _Toc517088846]In case more than one SSB is mapped to one RACH occasion and Random Access preamble group B is configured, then for SSB i the preamble allocation is according to 
· [bookmark: _Toc517089133][bookmark: _Toc517262307][bookmark: _Toc517262860][bookmark: _Toc517269013][bookmark: _Toc517287645][bookmark: _Toc517287659]Preamble group A: i*(64/(ssb-perRACH-Occasion)) to i*(64/(ssb-perRACH-Occasion)) + numberOfRA-PreamblesGroupA - 1;
· [bookmark: _Toc517089134][bookmark: _Toc517262308][bookmark: _Toc517262861][bookmark: _Toc517269014][bookmark: _Toc517287646][bookmark: _Toc517287660]Preamble group B: i*(64/(ssb-perRACH-Occasion)) + numberOfRA-PreamblesGroupA to i*(64/(ssb-perRACH-Occasion)) + CB-PreamblesPerSS - 1

[bookmark: _Toc517086178][bookmark: _Toc517086241][bookmark: _Toc517088847][bookmark: _Toc517089135][bookmark: _Toc517262309][bookmark: _Toc517262862][bookmark: _Toc517269015][bookmark: _Toc517287647][bookmark: _Toc517287661]In case the number of SSBs mapped to one RACH occasion is at most 1 and Random Access preamble group B is configured, then for all SSBs the preambles allocation is according to:
· [bookmark: _Toc517086179][bookmark: _Toc517086242][bookmark: _Toc517088848][bookmark: _Toc517089136][bookmark: _Toc517262310][bookmark: _Toc517262863][bookmark: _Toc517269016][bookmark: _Toc517287648][bookmark: _Toc517287662]Preamble group A: 0 to numberOfRA-PreamblesGroupA - 1
· [bookmark: _Toc517086180][bookmark: _Toc517086243][bookmark: _Toc517088849][bookmark: _Toc517089137][bookmark: _Toc517262311][bookmark: _Toc517262864][bookmark: _Toc517269017][bookmark: _Toc517287649][bookmark: _Toc517287663]Preamble group B: numberOfRA-PreamblesGroupA to CB-PreamblesPerSS - 1
[bookmark: _Toc517287651]There is a CR for the proposed changes in [2].
Conclusion
In section 2 we made the following observations:
Observation 1	RAN1 distinguish two cases that need to be considered when allocating Random Access preambles, one or more SSBs per RO and less than one SSB per RO.
Observation 2	The two cases that need to be considered when allocating Random Access preambles are, more than 1 SSBs per RO and less or equal one SSB per RO.

Based on the discussion in section 2 we propose the following:
Proposal 1	In case more than one SSB is mapped to one RACH occasion and Random Access preamble group B is not configured, then for SSB i the group A preambles are given by
	i*(64/(ssb-perRACH-Occasion)) to i*(64/(ssb-perRACH-Occasion)) + CB-PreamblesPerSS - 1.
Proposal 2	In case the number of SSBs mapped to one RACH occasion is at most 1 and Random Access preamble group B is not configured, then for all SSBs the group A preambles are given by
	0 to CB-PreamblesPerSS - 1
Proposal 3	In case more than one SSB is mapped to one RACH occasion and Random Access preamble group B is configured, then for SSB i the preamble allocation is according to
	Preamble group A: i*(64/(ssb-perRACH-Occasion)) to i*(64/(ssb-perRACH-Occasion)) + numberOfRA-PreamblesGroupA - 1;
	Preamble group B: i*(64/(ssb-perRACH-Occasion)) + numberOfRA-PreamblesGroupA to i*(64/(ssb-perRACH-Occasion)) + CB-PreamblesPerSS - 1
Proposal 4	In case the number of SSBs mapped to one RACH occasion is at most 1 and Random Access preamble group B is configured, then for all SSBs the preambles allocation is according to:
	Preamble group A: 0 to numberOfRA-PreamblesGroupA - 1
	Preamble group B: numberOfRA-PreamblesGroupA to CB-PreamblesPerSS - 1
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