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1	Introduction
RAN2 has agreed to have a PRACH Mask and discussed the matter in an e-mail discussion. Compared to LTE there are some important design changes in NR which affect the design of the mask. In this paper we highlight some important aspects and propose to have a mask with 16 values.
[bookmark: _Ref178064866]2	Discussion
The purpose of the PRACH Mask is to limit the UE to use a subset of its configured RACH occasions (RO) when using Contention-Free Random Access (CFRA). This increases the capacity of the preambles as more UEs can share one preamble if they are configured with PRACH Mask which means that the gNB can identify the UE with the preamble and the RO together.
In this paper we focus on a handover scenario. The network configures the UE with a small number of SSBs (corresponding to the strongest beams of the target cell) and one dedicated preamble per SSB. The same PRACH mask applies to all the SSBs as can be seen in the RACH-ConfigDedicated IE.
-- ASN1START
-- TAG-RACH-CONFIG-DEDICATED-START

-- FFS_Standlone: resources for msg1-based on-demand SI request

RACH-ConfigDedicated ::=		SEQUENCE {
	-- Resources for contention free random access to a given target cell
	cfra-Resources					CFRA-Resources, 
	...
}

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
[bookmark: _GoBack]		-- 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),
	...
}

CFRA-CSIRS-Resource ::= 		SEQUENCE {
	-- The ID of a CSI-RS resource defined in the measurement object associated with this serving cell.
	csi-RS							CSI-RS-Index,
	-- RA occasions that the UE shall use when performing CF-RA upon selecting the candidate beam identified by this CSI-RS.
	ra-OccasionList					SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS)) OF INTEGER (0..maxRA-Occasions-1),
	-- The RA preamble index to use in the RA occasions assoicated with this CSI-RS.
	ra-PreambleIndex				INTEGER (0..63),	
	...
}

-- TAG-RACH-CONFIG-DEDICATED-STOP
-- ASN1STOP
Figure 1 – RACH-ConfigDedicated information element with the PRACH mask highlighted
As can be seen the current mask is 4 bits and can carry 16 values. We recognize that 16 values cannot signal masking of individual RACH occasions which can be in the order of hundreds of occasions. In LTE, there were fewer RACH occasions so there it was possible to support individual masking of RACH occasions. For NR, the mask could be extended, but it is questionable if it is really necessary to support that level of flexibility.
[bookmark: _Toc510722377]LTE supports masking of individual RACH occasions, but this is not feasible in NR due to the increase in RACH occasions.
[bookmark: _Toc510722379]No need to support masking of individual RACH occasions.
2.1	Example configuration
In this paper we will investigate the details of the PRACH Mask, so an example configuration is necessary. In our example, there are 16 beams in the cell, which corresponds to 16 SSBs. For the RACH occasions we use the following configuration:
prach-ConfigurationIndex = 26 for RACH-ConfigCommon
msg1-FDM = two for RACH-ConfigCommon
ssb-perRACH-OccasionAndCB-PreamblesPerSSB = four; 16 for RACH-ConfigCommon

prach-ConfigurationIndex = 26 (for FR1 and unpaired spectrum) in RACH-ConfigCommon corresponds to subframes 1, 4, 6, 9. This can be illustrated in the figure below.
[image: ]
Figure 2 – RACH occasions
The RACH occasions are denoted A-H and the numbers in the yellow-ish boxes indicate which SSBs are associated with this RO. The RACH-ConfigDedicated contains the following (SSB, preamble) pairs: (0, 50), (7, 50), and (12, 50). Basically, the UE is configured to transmit preamble 50 on SSBs 0, 7, and 12, which corresponds to ROs A, B, D, E, F, and H.
2.2	Masking in the time domain only
Masking in the time domain only may lead to bad performance. Assume that in our example SSB 12 is the strongest beam and that the gNB configures a mask that only odd occasions in the time domain can be used. This is illustrated below.
[image: ]
Figure 3 – RACH occasions with masking in time domain only
As can be seen in the figure, the UE is now prevented to use SSB 12 which happens to be the strongest beam. It is not possible for the network to know exactly which beam the UE will select and hence the network cannot avoid the situation (except from not configuring the mask). In short, a PRACH mask allowing for masking in the time domain only is not particularly useful.
[bookmark: _Toc510722378]A PRACH mask allowing for masking in the time domain only is not useful.
2.3	Masking of RACH occasions per SSB
Instead of masking in the time domain it is more beneficial if the mask applies per RACH occasion per SSB. In the figure below, we assume a mask which is applied for every odd RACH occasion per SSB instead. 
[image: ]
Figure 4 – RACH occasions with masking per RACH occasion
In this figure we note that the UE is not prevented from using a particular SSB, which was the problem with the masking in the time domain only. It is obvious that the PRACH mask should apply per RACH occasion per SSB.
[bookmark: _Toc510722380]The PRACH mask should apply per RACH occasion per SSB.
2.4	Design of the PRACH mask
We concluded earlier that the mask is 4 bits long which gives 16 values. We also showed that having flexibility to mask a single RACH occasion is probably not feasible, as there can be hundreds of occasions. Instead the design should focus on a repeating pattern, e.g. every other occasion, every third occasion etc. An example of a table could look like this:
	PRACH Mask index
	Allowed RACH occasion

	0
	Every even RACH occasion for the SSB

	1
	Every odd RACH occasion for the SSB

	2
	Every third RACH occasion for the SSB starting with the first occasion

	3
	Every third RACH occasion for the SSB starting with the second occasion

	4
	Every third RACH occasion for the SSB starting with the third occasion

	5
	Every fourth RACH occasion for the SSB starting with the first occasion

	6
	Every fourth RACH occasion for the SSB starting with the second occasion

	7
	Every fourth RACH occasion for the SSB starting with the third occasion

	8
	Every fourth RACH occasion for the SSB starting with the fourth occasion

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



[bookmark: _Toc510722381]Adopt the PRACH Mask index table shown above.
3	Conclusion
[bookmark: _Hlk510609194]In the previous sections we made the following observations: 
Observation 1	LTE supports masking of individual RACH occasions, but this is not feasible in NR due to the increase in RACH occasions.
Observation 2	A PRACH mask allowing for masking in the time domain only is not useful.

Based on the discussion in the previous sections we propose the following:
Proposal 1	No need to support masking of individual RACH occasions.
Proposal 2	The PRACH mask should apply per RACH occasion per SSB.
Proposal 3	Adopt the PRACH Mask index table shown above.
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