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1. Introduction
During the previous RAN1 meetings, RAN1 made a lot of agreements on the RACH procedure and the corresponding PRACH preamble format. Different from LTE system, there are significant differences in the RACH procedure for NR due to the introduction of multiple beam operations. In this document, we discuss further details on the four-step RACH procedure based on the current RAN1 agreements. 
Discussion
Total number of RACH occasions within a RACH configuration period 
It is possible to calculate the total number of RACH occasions by multiplying the following information in the PRACH configuration:
	Number of RACH slots within a subframe

	Number of RACH occasions within a RACH slot

	Number of subfames per PRACH config. Index (i.e. counting the Subframe number) 

	Number of FDMed RACH occasions in one time instance (2 bit value) 

	PRACH Configuration Period , (1, 2, 4, 8, 16)*10ms


Based on these information, UE is able to derive the total number of RACH occasions in two dimensional time-frequency resource grid. 
Total number of RACH occasions = Number of RACH slots within a subframe * Number of RACH occasions within a RACH slot * Number of subfames per PRACH config. Index * Number of FDMed RACH occasions in one time instance 
Mapping rules of SSBs to the effective RACH resources/occasions 
Having the RACH occasion information in time-frequency resource grid, RACH occasion (RO) indexing should be decided in order to map the SSBs per RO. According to the agreements on the mapping of SSB to RO as below, earlier transmitted SSBs need to be mapped to the RO in sequential manner. Similarly, if there are FDMed ROs, it is preferable that SSBs need to be mapped to the FDMed RO first and RO in time domain. In the agreements, ‘the time period’ is FFS but we think the time period should be the PRACH configuration period. 
Agreements:
· For every time period, the first actually transmitted SSB in a SSB burst set is mapped to the first PRACH occasion 
· FFS the time period (note: there is no additional RRC impact)
Proposal: The time period in the above agreements should be PRACH configuration period.  
To make more general mapping rules, let us assume the following parameters: 
· X : total number of RACH occasions
· NSSB_per_RO: the number of SSB per RACH occasion (Agreed to signaling this value)
· Nseq_per_SSB_per_RO : the number of CBRA preambles per SSB per RACH transmission occasion (Agreed to signal this value) 
· NRO_per_SSB : the number of RACH occasion per SSB, obtained by Nseq_per_SSB/ Nseq_per_SSB_per_RO
· NFDMed_RO : the number of FDMed RACH occasions at the same time (Agreed to signal this value)

If NRO_per_SSB >= 1,
If a SSB is mapped to multiple of RACH occasions, i.e. one-to-one or one-to-many mapping, and the value of NRO_per_SSB is an integer with NRO_per_SSB >= 1. If NFDMed_RO =1, it is quite simple that TDMed NRO_per_SSB RACH occasions are mapped to one SSB with sequential manner. If NFDMed_RO >1, NRO_per_SSB RACH occasions are mapped to the SSB in the frequency-first and time-next manner. Preferably, NRO_per_SSB should be multiple of NFDMed_RO so that single SSB can be mapped to the FDMed RACH occasions at a given time. Otherwise, multiple SSBs are mapped on RACH occasions at the same time and it should be guaranteed that these are the directions that the network is able to receive at the same time.  
Proposal:
	
	NRO_per_SSB = 1
	NRO_per_SSB > 1

	NFDMed_RO = 1
	Each SSB is mapped to a RO in a sequential manner in time domain.
	One SSB is associated with TDMed NRO_per_SSB RACH occasions. 

	NFDMed_RO > 1
	Each SSB is mapped to a RO in frequency-first and time-next manner according to the sequential order of SSB index. 
	One SSB is associated with NRO_per_SSB RACH occasions. The RACH occassions are mapped to a SSB in the frequency-first and time-next manner according to the sequential order of SSB index.


Proposal: NRO_per_SSB should be multiple of NFDMed_RO or NFDMed_RO should be multiple of NFDMed_RO.

If NRO_per_SSB < 1,
If multiple of SSBs are mapped to one RACH occasion, i.e. many-to-one mapping, and the value of NRO_per_SSB is 0< NRO_per_SSB <1. In this case, multiple SSBs are CDMed in one RACH occasion. Given that the preamble indices are allocated up to maximally 64 in a RACH occasion, the preambles per SSB are mapped like comb-type in order to increase PRACH receiving performance assuming SDMed reception of PRACH preambles. In other words, if two SSBs are mapped to one RACH occasions, every other preamble indices are mapped to SSB. Actual cyclic shift assigned per SSB should be 1/ NRO_per_SSB *Ncs so that the PRACH preamble reception performance can be improved. Related working assumptions are in the following but we propose not to confirm the working assumption. When multiple SS blocks are associated with one RACH transmission occasion, the preamble indices for CBRA for each SS block are mapped non-consecutively for the PRACH performance enhancements. 
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
Proposal: When multiple SS block are associated with one RACH transmission occasion, the preamble indices for CBRA for each SS block are mapped increasing order of order of Ncs * (1/ NRO_per_SSB), when NRO_per_SSB < 1. 
We may consider mapping of multiple SSBs to multiple RACH occasions, however this way of mapping surely lead complexity of specification work and implementation so we do prefer to exclude this type of mapping. 
Proposal: Not support many-to-many mapping of SSBs to RACH occasions. 
CORESET and Search Space for PRACH procedure 
It is not yet clear on the CORESET and the search space for the PRACH procedure but the CORESET for the PRACH procedure (i.e. msg.2/3/4 reception) should be the same as that of the RMSI. The search space for the msg.2/3/4 should be the every slot within the configured duration, i.e RAR window for msg.2 and the configured duration for msg.3/4. 
Proposal: CORESET for RACH procedure is the same as that of the RMSI. 
Proposal: Search space for the msg.2/3/4 reception should be every slot within the configured duration, i.e. RAR window for RAR the configured duration for msg.3/4. 
Conclusion 
In this contribution, we discuss details on the PRACH configurations and RACH procedure. We proposed as follows: 
Proposal: The time period in the above agreements should be PRACH configuration period.  
Proposal:
	
	NRO_per_SSB = 1
	NRO_per_SSB > 1

	NFDMed_RO = 1
	Each SSB is mapped to a RO in a sequential manner in time domain.
	One SSB is associated with TDMed NRO_per_SSB RACH occasions. 

	NFDMed_RO > 1
	Each SSB is mapped to a RO in frequency-first and time-next manner according to the sequential order of SSB index. 
	One SSB is associated with NRO_per_SSB RACH occasions. The RACH occassions are mapped to a SSB in the frequency-first and time-next manner according to the sequential order of SSB index.


Proposal: NRO_per_SSB should be multiple of NFDMed_RO or NFDMed_RO should be multiple of NFDMed_RO.
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