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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
After RAN2 101 meeting, there was an email discussion on PRACH mask table “[101#69][NR UP/MAC] PRACH table – LG”. No final agreements are achieved. In this contribution, we discuss how the PRACH mask table looks like.
2. Discussion
2.1 [bookmark: OLE_LINK22][bookmark: OLE_LINK30][bookmark: OLE_LINK21][bookmark: OLE_LINK31]PRACH mask in RRC 
In RRC specification, the PRACH mask IE, i.e., ra-ssb-OccasionMaskIndex is used at two places. One is located in CFRA-Resources, another is located in BeamFailureRecoveryConfig. One ra-ssb-OccasionMaskIndex is associated with multiple SSBs, i.e., SSB-resource list.
Observation1: In RRC, SSBs are associated with PRACH mask index, when PRACH mask is used.
TS38.331 
CFRA-Resources ::= 				CHOICE {
	ssb								SEQUENCE {
		ssb-ResourceList				SEQUENCE (SIZE(1..maxRA-SSB-Resources)) OF CFRA-SSB-Resource,
		-- Explicitly signalled PRACH Mask Index for RA Resource selection in TS 36.321. The mask is valid for all SSB
		-- resources signalled in ssb-ResourceList
		ra-ssb-OccasionMaskIndex		INTEGER (0..15)
	},
	csirs							SEQUENCE {
		csirs-ResourceList				SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF CFRA-CSIRS-Resource,
		cfra-csirs-DedicatedRACH-Threshold	RSRP-Range
	}
}

CFRA-SSB-Resource ::= 			SEQUENCE {
	-- The ID of an SSB transmitted by this serving cell. 
	ssb								SSB-Index,
	-- The preamble index that the UE shall use when performing CF-RA upon selecting the candidate beams identified by this SSB.
	ra-PreambleIndex				INTEGER (0..63),
	...
}

In NR, for FR1, 140 time instances can exist within (10 subframes x 2 PRACH slots/subframe x 7 time instances/PRACH slot). For FR2, there could also be multiple RACH occasions within one slot and there could be up to 560 time instances (40 slots x 2 PRACH slots/slot x 7 time instances/PRACH slot), where time instance is the time duration of a RACH occasion with a specific preamble format. On each time instance, there could be {1,2,4,8} FDMed RACH occasion(s). However, according to previous agreement in RAN 1, the maximum number of ROs that can be associated with a SSB is 8. If the RACH occasion(s) of all the SSBs are same, i.e., one PRACH mask is suitable for all SSBs, 4 bits are enough to indicate the RACH occasion of all the SSBs. Besides, in order to align with the design in LTE and keep consistent with the current configuration of mask in BFR and RACH-ConfigDedicated, which is designed as 4 bit, so we prefer 4 bits indication.
Proposal 1: 4 bits PRACH mask index can be kept as the existing RRC specification.
Proposal 2: one PRACH mask index is used for all configured SSBs, i.e. all SSBs have the same PRACH mask index.
2.2 PRACH mask table  
In NR, there is an association between RO and SSB, and the number of SSBs associated with a RO can be: {1/8, 1/4, 1/2, 1, 2, 4, 8, 16}. For example, a RO is associated with 1/8 SSB, and on each time instance 4 ROs are FDMed.  The actually transmitted SSBs are SSB1/SSB2/SSB3. Then the pattern SSB-RO mapping is shown as below.
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Figure 1. The association between RO and SSB
According to the current lookup tables of RACH resources configuration, the total number of ROs associated with 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. E.g., if there are 12 time instances in one PRACH configuration period and a time instance has 4 ROs with FDM, the total of ROs is 48. Therefore, the SSB-RO mapping can repeat twice in one PRACH configuration period, as shown in figure 2. For simplicity, we name RO set required for the completion of a SSB-RO mapping as association set. 
[image: ]
Figure 2. Association set
In situations with higher UE densities, the collision rate between different UEs in random access procedure would be high. By specifying a specific PRACH subframe to each UE, PRACH mask in LTE can significantly mitigate the shortage of CFRA resources and improve the number of simultaneously supportable UEs that set up CFRA procedure. In [1], some company propose that using more than 4 bits（e.g. 10 bits）to indicate each RACH Occasion within a RACH Configuration period is more beneficial to the capacity of CFRA. However, in our opinion, the LTE preamble mask design cannot be applied to NR directly as RACH occasions in NR are highly related to DL beams and there would be considerably more PRACH occasions within a PRACH configuration period than LTE. A indicator of time-instance-level granularity requires a large signaling overhead as many as 10 bits, which may not fit current payload requirement of PDCCH order. On the other hand, it may also lead to an inefficient design as only RACH occasions corresponding specific SSBs are available for UE. Therefore, preamble mask with a more extensive granularity, e.g., association set, should be considered for NR.
We define the table of PRACH mask table as shown below, the table does not discriminate between FR1 & FR2 and TDD & FDD. When the most significant bit of PRACH mask is 0, the 3 LSB indicate the index of ROs associated with SSBs in SSBList, corresponding to  0-7 of PRACH mask index in the table; When the value of the most significant bit is 1, each codepoint indicates different principles for determining available PRACH resource, corresponding to  8-15 of PRACH mask index in the table, i.e. for every odd association set: all ROs with odd indice(s) associated with SSBlist are allowed, for every even association set: all ROs with even indice(s) associated with SSBlist are allowed. 
Table 1. PRACH mask table
	PRACH mask index
	FDD FR1
	TDD FR1
	TDD FR2

	0
	all association set: RO#0 associated with SSBList

	1
	all association set: RO#1 associated with SSBList

	2
	all association set: RO#2 associated with SSBList

	3
	all association set: RO#3 associated with SSBList

	4
	all association set: RO#4 associated with SSBList

	5
	all association set: RO#5 associated with SSBList

	6
	all association set: RO#6 associated with SSBList

	7
	all association set: RO#7 associated with SSBList

	8
	all association set: from RO#0 to RO#7 associated with SSBList

	9
	every odd association set: all ROs associated with SSBList

	10
	every even associated set: all ROs associated with SSBList

	11
	the first half of the association sets: all ROs associated with SSBList

	12
	the second half of the association sets: all ROs associated with SSBList

	13
	every odd association set: all ROs with odd indice(s) associated with SSBlist 
every even association set: all ROs with even indice(s) associated with SSBlist

	14
	Reserved 

	15
	Reserved



[bookmark: _GoBack]Proposal 3: Introduce a PRACH mask table in NR (see the Table 1).
3. Conclusion
Proposal 1: 4bits are used for PRACH mask index.
Proposal 2: one PRACH mask index is used for all configured SSBs, i.e. all SSBs have the same PRACH mask index.
Proposal 3: Introduce a PRACH mask table in NR as following：
	PRACH mask index
	FDD FR1
	TDD FR1
	TDD FR2

	0
	all association set: RO#0 associated with SSBList

	1
	all association set: RO#1 associated with SSBList

	2
	all association set: RO#2 associated with SSBList

	3
	all association set: RO#3 associated with SSBList

	4
	all association set: RO#4 associated with SSBList

	5
	all association set: RO#5 associated with SSBList

	6
	all association set: RO#6 associated with SSBList

	7
	all association set: RO#7 associated with SSBList

	8
	all association set: from RO#0 to RO#7 associated with SSBList

	9
	every odd association set: all ROs associated with SSBList

	10
	every even associated set: all ROs associated with SSBList

	11
	the first half of the association sets: all ROs associated with SSBList

	12
	the second half of the association sets: all ROs associated with SSBList

	13
	every odd association set: all ROs with odd indice(s) associated with SSBlist 
every even association set: all ROs with even indice(s) associated with SSBlist

	14
	Reserved 

	15
	Reserved
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