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Introduction
In RAN2#99, an agreement has been achieved stating that the detailed calculation of RA-RNTI is FFS. The topic was again discussed in RAN2#99bis, and the agreements are listed as below,
Agreements:
· MAC needs to know the selected SS block (and CSI-RS if an association is agreed) in order to select from the associated PRACH resource and/or associated preamble sequences. 
· At least time and frequency is used in the RA-RNTI formula

This contribution further discusses the calculation of RA-RNTI.
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According to the chairman notes of last meeting [1], one of the main concentrations on RA-RNTI calculation is whether to introduce SSB index into the formula of RA-RNTI. Based on the agreement in RAN1#88,
· At least for the case without gNB Tx/Rx beam correspondence, gNB can configure an association between DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam.
According to the above agreement, the main method for UE to inform gNB of the selected DL Tx beam through Msg1 is to associate PRACH resources with SSBs; and as a supplementary method, the network side may configure the dedicated preamble sequences for each SSB. It can be deduced that if the dedicated configuration of PRACH resources and/or preamble sequences is sufficient for gNB to determine Msg2 DL Tx beam, there is no necessity to introduce SSB index for RA-RNTI calculation; otherwise, the SSB index should be included.
Observation 1: If the dedicated configuration of PRACH resources and/or preamble sequences is sufficient for gNB to determine Msg2 DL Tx beam, there is no necessity to introduce SSB index for RA-RNTI calculation; otherwise, the SSB index should be included.
As a result, it becomes necessary to analyze whether we can draw the conclusion that the network side will provide sufficient dedicated configuration of PRACH and preamble based on the agreements in RAN1/2. For the main method stated above, how to associate PRACH resources with SSBs is still under discussion by RAN1, and two possible options can be generalised:
- Option 1: Configuring dedicated PRACH resource(s) for each SSB;
- Option 2: Configuring dedicated PRACH resource(s) for a subset of SSBs.
As provided by RAN1#88bis, 
· For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L, within SS burst set is [64]
Since there will be at most 64 DL beams for frequency above 6GHz, the PRACH resources supported by LTE will not satisfy the indication of the agreement in RAN1#88 as stated above. Therefore, it is necessary to introduce more PRACH resources. As evaluated by RAN1, associating one PRACH resource with multiple SSBs (an implication of Option 2) would be more resource efficient compared to Option 1.
Observation 2: From RAN1 perspective, it is more resource efficient to configure dedicated PRACH resource(s) for a subset of SSBs compare to configuring dedicated resource(s) for each SSB.
It should be noted that according to Observation 1, there’s no need to introduce SSB index for Option 1. For Option 2, if SSBs can be further distinguished by configuring dedicated preamble sequences for each SSB, the SSB index is also not needed for RA-RNTI calculation. However, since extending the number of preamble sequences is still a supplementary option, we cannot exclude the condition that there’s not enough resource to satisfy the requirement of dedicated configuration for each SSB. Therefore, the current agreements in RAN1/2 haven’t determined the inclusion of the SSB index for RA-RNTI calculation.
In addition, we’ve found another case that even if the preamble is extended, there’s still chance for Option 2 to cause RAR misinterpretation. According to last RAN2 meeting, 6-bit RAPID has been adopted as in LTE. If the preamble is extended, there will not be one-to-one mapping between RAPIDs and preamble sequences. Therefore, multiple preamble sequences may correspond to the same RAPID. For example, let’s say UE1 and UE2 are performing RA procedures. UE1 selects DL Beam1 while UE2 selects Beam2. If Option 2 is chosen, there’s possibility that two UEs can transmit dedicated preambles with the same PRACH resource. As a result, if the SSB index is not included, the RA-RNTI is the same for these two UEs, and the RARs concurrently sent to UEs can only be distinguished by RAPIDs. However, since different preambles can be mapped to the same RAPID, if UE1 is located in the overlapped area of DL Beam1 and Beam2, it is possible for UE1 to successfully receive the RAR transmitted on DL Beam2, which may cause the misunderstanding for UE1, and we think this problem is critical. To avoid such misinterpretation, the SSB index is needed for Option 2 even with preamble extension.
The Table below gives a brief summary on whether the SSB index is needed in RA-RNTI.
Table: The necessity to include the SSB index for RA-RNTI calculation
	
	Option1
	Option 2

	Preamble Extension
	SSB index is NOT needed.
	SSB index is needed.

	No Preamble Extension
	
	



Proposal 1: RAN2 is kindly asked to discuss which case(s) (Option 1 and/or Option 2) should be adopted in order to make further agreement on whether to include the SSB index.
Conclusions
This contribution investigates whether to introduce SSB index for RA-RNTI calculation. The observations and proposal are listed as below:
Observation 1: If the dedicated configuration of PRACH resources and/or preamble sequences is sufficient for gNB to determine Msg2 DL Tx beam, there is no necessity to introduce SSB index for RA-RNTI calculation; otherwise, the SSB index should be included.
Observation 2: From RAN1 perspective, it is more resource efficient to configure dedicated PRACH resource(s) for a subset of SSBs compare to configuring dedicated resource(s) for each SSB.
Proposal 1: RAN2 is kindly asked to discuss which case(s) (Option 1 and/or Option 2) should be adopted in order to make further agreement on whether to include the SSB index.
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