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1. Introduction
In the previous meetings, the cyclic mapping between SSB and ROs have been agreed. In this contribution, we will share our views on some remaining issues on the cyclic mapping between SSB and ROs.

2. Discussion

1.1. SSB-RO mapping

In the previous meeting [1]

 REF _Ref510712475 \n \h 
[2]

 REF _Ref510712476 \n \h 
[3], it was agreed that cyclically mapping rules are applied to SSB-RO mapping:

	Agreements:

· Support cyclically mapping the actually transmitted SS/PBCH blocks and ROs within a period
Agreements:

· For ZC type RACH preamble sequence, if only one SSB is mapped to only one RACH transmission occasion,

· RACH preamble indices are in order of:

· Increasing cyclic shifts of a root index and then

· Increasing logical root index

Agreements:

· For ZC type RACH preamble sequence, RACH preamble indices within one RACH transmission occasion are in the order of:

· Increasing cyclic shifts of a root sequence with logical root index and then

· Increasing logical root index

Agreements:

· NR, at least, supports following mapping from actually transmitted SS blocks to RACH occasion/preamble index.

· In the order of increasing preamble indices in single RACH occasion and then

· In the order of increasing the number of frequency multiplexed RACH occasions and then

· In the order of increasing the number of time multiplexed RACH occasions within a RACH slot

· In the order of increasing the number of RACH slots

Agreement: Confirm the following working assumption

· Working assumption:

· When multiple SS block are associated with one RACH transmission occasion, the preamble indices for CBRA for each SS block are mapped consecutively

Agreements:

· Preamble indices for CBRA and CFRA are mapped consecutively for one SSB in one RACH transmission occasion.

· Association of CFRA preambles with SSBs can be reconfigured through UE-specific RRC signaling.

· Note: this does not preclude the gNB to possibly configure that the number of CFRA preambles per RO is smaller than the number of actually transmitted SSBs configured in RMSI


According to the current lookup tables of RACH resources configuration, the number of ROs associated to all SSBs may be much less than the ones configured within a PRACH configuration period in some cases, then the SSB-RO mapping could repeat over the rest of RACH resources. This repetitive SSB-RO mapping manner distributes multiple RACH opportunities over different time instances, bringing the benefit of a reduced latency for setting up random access since UE does not need to wait for the next PRACH configuration period. 

In some cases, the number of ROs needed for a complete SSB-RO mapping may be not an integer. As shown in Figure 1, SSB-per-RO = 2 and prach-FDM = 4, the number of actually transmitted SSB is 5, then 2.5 ROs are actually required for completing SSB-RO mapping once. Mapping rules for the subsequent mapping in these cases are still not defined yet.

Observation 1. In case the number of ROs needed for a complete SSB-RO mapping is not an integer, mapping rules for the repeated SSB-RO associations are not defined yet.
From the perspective of simplicity, NW can simply avoid such cases so that no additional rules are needed. In other words, NW should guarantee that the number of ROs needed for a complete SSB-RO mapping should always be multiples (or factors) of prach-FDM*SSB-per-rach-occasion. 
However, from the perspective of scheduling flexibility, such cases should be allowed. Different mapping choices of RO that corresponding to the first actually transmitted SSB are listed as below:

· Alt1. The RO corresponding to the first actually transmitted SSB is last RO of the previous cycle.

· Alt2. The RO corresponding to the first actually transmitted SSB is the one after the last RO of the previous cycle.

· Alt3. The RO corresponding to the first actually transmitted SSB is the first RO of the next time instance.
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Figure 1. an example of Alt.1

As there is still some space in RO#2 for establishing an association with another SSB, then it is natural to map SSB1 to RO#2. In such a compact association, multiple SSBs, which belong to different cycles, share a common RACH transmission resource and the set of SSBs associated with the same RO changes with the cycles over time. As shown in Figure 1, in the first cycle, SSB1 and SSB2 share RO#0, but in the second cycle, SSB1 shares RO#2 with SSB5. In our opinion, one of the intentions of building SSB-RO mapping is to provide some information of TX/RX beam relation for UE to perform a random access procedure, especially for the ones without beam correspondence. However, Alt.1, which causes dynamic changes in SSB-RO mapping pattern, obviously goes against the original intention of the NW deployment. 
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Figure 2. an example of Alt.2
As to Alt.2, SSB1 is mapped to RO#3. This alternative can resolve the preamble indices issues mentioned above, but it still complicates the resources allocation pattern of SSB-RO mapping because the frequency position of the ROs corresponding to SSB1 changes in different rounds. For example, in the first cycle, SSB3 is mapped RO#1, but in the next cycle, the RO associated to SSB3 is RO#0. UE has to calculate the possible frequency location of the associated RO based on current symbol index and be sure to reserve enough time for potential frequency hopping.
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Figure 3. an example of Alt.3
In Alt.3, SSB1 is associated with RO#0 at time instance#2, in which case the SSB-RO mapping pattern remains the same over all the cycles. This kind of “static” design would simplify the practical implementation at both NW and UE sides with guaranteed flexibility. It is noted that resources pattern of “unused” ROs also remain “static” across multiple time instances and are feasible to be reallocated to other UL signals.
Proposal 1: In order to ensure that the resource pattern for the cyclically repeated SSB-RO mappings would be the same over the PRACH configuration period, following alternatives can be taken into consideration:

· opt.1: In each SSB-RO mapping cycle except the first one, the RO corresponding to the first actually transmitted SSB is the first RO of the next time instance. 

· opt.2: NW should guarantee there would not be cases where the number of ROs needed for a complete SSB-RO mapping is not an integer.
3. Conclusion

In this contribution, we provide our views on the cyclical mapping between SSB to RO synchronization with following proposals:

Observation 1. In case the number of ROs needed for a complete SSB-RO mapping is not an integer, mapping rules for the repeated SSB-RO associations are not defined yet.
Proposal 1: In order to ensure that the resource pattern for the cyclically repeated SSB-RO mappings would be the same over the PRACH configuration period, following alternatives can be taken into consideration:
· opt.1: In each SSB-RO mapping cycle except the first one, the first actually transmitted SSB is mapped to the first RO at the time instance after the previous cycle. 

· opt.2: NW should guarantee there would not be cases where the number of ROs needed for a complete SSB-RO mapping is not an integer.
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