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1. Introduction

This contribution discusses the proposal to support PRACH occasions for CFRA (for HO) in addition to those configured for CBRA.
2. Discussion
At RAN2#101 it was agreed to allow the possibility for the network to configure separate random access occasions for contention free BFR, with respect to other random accesses. The network may achieve this by configuring different ROs in frequency and/or time domain (i.e. a different RACH-ConfigGeneric) for regular random access and for contention free random access for BFR.
However, for "normal" contention free random access (i.e. for HO), no separate random access occasions have been agreed so far.

One of the key parameters in the RACH-ConfigGeneric IE, defining the random access occasions, is the prach-ConfigurationIndex.

-- PRACH configuration index. Corresponds to L1 parameter 'PRACHConfigurationIndex' (see 38.211, section 6.3.3.2)


prach-ConfigurationIndex



INTEGER (0..255),

The parameter prach-ConfigurationIndex configures the time-domain density. The 8-bit parameter indicates an entry in a 256-entry table. For illustration, some of the entries for the FR1/paired spectrum table are shown below (from section 6.3.3.2 in 38.211). The tables for FR1/unpaired and FR2 are similar.

Table 6.3.3.2-2: Random access configurations for FR1 and paired spectrum/supplementary uplink.

	PRACH
Configuration 
Index
	Preamble format
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	Number of PRACH slots within a subframe
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	0
	0 (long)
	16
	1
	1
	0
	-
	-
	0

	…
	
	
	
	
	
	
	
	

	3
	0
	16
	1
	9
	0
	-
	-
	0

	4
	0
	8
	1
	1
	0
	-
	-
	0

	…
	
	
	
	
	
	
	
	

	7
	0
	8
	1
	9
	0
	-
	-
	0

	8
	0
	4
	1
	1
	0
	-
	-
	0

	…
	
	
	
	
	
	
	
	

	11
	0
	4
	1
	9
	0
	-
	-
	0

	12
	0
	2
	1
	1
	0
	-
	-
	0

	…
	
	
	
	
	
	
	
	

	15
	0
	2
	1
	9
	0
	-
	-
	0

	16
	0
	1
	0
	1
	0
	-
	-
	0

	…
	
	
	
	with increasing density…
	
	
	
	

	27
	0
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	-
	-
	0

	28
	1
	16
	1
	1
	0
	-
	-
	0

	…
	
	
	
	with increasing density…
	
	
	
	

	52
	1
	1
	0
	3,6,9
	0
	-
	-
	0

	53
	2
	16
	1
	1
	0
	-
	-
	0

	…
	
	
	
	
	
	
	
	

	…
	
	
	
	
	
	
	
	

	86
	3 (long)
	1
	0
	0,1,2,3,4,5,6,7,8,9
	0
	-
	-
	0

	87
	A1 (short)
	16
	0
	4,9
	0
	1
	6
	2

	…
	
	
	
	
	
	
	
	

	255
	C2 (short)
	1
	0
	1,3,5,7,9
	0
	2
	2
	6


The red-marked column x is called “RACH configuration period” in RAN1 agreements (“PRACH configuration period” in 38.213), which is expressed in terms of radio frames. It is important to note that there are no RACH occasions (RO) in the (x-1) radio frames followed by ROs in a single radio frame. For example, consider the entries for which x=16. For such configurations, there are ROs only in every 16th radio frame, i.e. there are 15 consecutive radio frames without ROs. The purpose of such long RACH configuration periods is to allow for long BS sleep periods and to place a burst of ROs after a burst of SSBs, which also support the same periodicities. This allows for recent SSB measurements when the random access procedure is started. The long periods with ROs also keeps down PRACH overhead, especially when the gNB uses analog beamforming and many SSBs.
As a result, the CBRA configuration can be such that there are (x-1) radio frames without any CBRA ROs for RACH configuration period x, where x can be 1, 2, 4, 8, 16 (defined by the RACH Configuration Index). In other words, there may be up 15 radio frames without CBRA ROs. If CFRA has to use the CBRA ROs and such a long Msg1 latency is deemed too long for HO purposes, the target cell either has to change its CBRA RACH configuration period during HO preparation or, more realistically, never even use RACH configuration periods beyond 1 or 2 frames. A third, more interesting option is to allow a dedicated RACH configuration period also for CFRA (for HO), similarly as for CF-BFR. 
One further motivation for decoupling the RACH configuration period for CBRA and for CFRA (for HO) is that longer CBRA RACH configuration periods (e.g. 16 frames) are typically used with longer SS periodicities such that the ROs come right after the SS burst set. However, the CFRA (for HO), which can be CSI-RS based, it may not be necessary to indirectly connect the RACH configuration period to the SS periodicity (via the CBRA RACH configuration period).
If the proposal to optionally configure a dedicated RACH configuration period for CFRA (for HO) is considered as an enhancement for EN-DC, rather than a correction, it is believed that this should be possible at least for the Standalone solution. However, considering that there is little reason for having a different behaviour in EN-DC and in Standalone and that non-backwards compatible changes are anyway expected for the RACH configuration for EN-DC [1], the strong preference is to introduce this possibility already for EN-DC.
Proposal 1: Allow the possibility for the network to configure separate Random access opportunities for CFRA (for HO), at least for the Standalone solution.
In practice, proposal 1 can be realized by introducing an optional structure (e.g. cfra-Occasions) in RACH-ConfigDedicated that, if present, redefines the random access occasions for CFRA for HO. If absent, the UE would continue to use the random access occasions for CBRA. It should also be noted that cfra-Occasions could be configured in exactly the same way as for the random access occasions for CF-BFR, implying that there is no need to configure different sets of RA resources for CF-BFR and CFRA for HO.
Proposal 2: Introduce an optional structure (e.g. cfra-Occasions) in RACH-ConfigDedicated that, if present, redefines the random access occasions for CFRA (for HO).
A Text Proposal, with the ASN.1 details, to support Proposal 2 is shown in the Annex. If Proposal 1 can be agreed for EN-DC as well, the TP can be moved to a CR addressing the RACH configuration for EN-DC, e.g. [1].
3. Conclusion

Proposal 1: Allow the possibility for the network to configure separate Random access opportunities for CFRA (for HO), at least for the Standalone solution.
Proposal 2: Introduce an optional structure (e.g. cfra-Occasions) in RACH-ConfigDedicated that, if present, redefines the random access occasions for CFRA (for HO).
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Annex

The suggested changes to the ASN.1 can be found as follows:
–
RACH-ConfigDedicated

The IE RACH-ConfigDedicated is used to specify the dedicated random access parameters.

RACH-ConfigDedicated information element

-- 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, 


-- If the field is absent the UE uses the random access occasions for CBRA

cfra-Occasions




SEQUENCE {


-- Configuration of contention free random access occasions for CFRA


rach-ConfigCFRA




RACH-ConfigGeneric,


-- Number of SSBs per RACH occasion (L1 parameter 'SSB-per-rach-occasion')



ssb-perRACH-Occasion


ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}

}







OPTIONAL,
--
Need S
...
}

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),


...

}

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
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