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1. Introduction
At RAN2#109bis, discussion on the presence of ssb-perRACH-Occasion for the CSI-RS based CFRA configuration was triggered and companies shared some understanding on this issue but no agreement was reached because the proposed change was NBC and companies would like more time to check.
In this paper, we give some further explanation on this issue and provide some potential solutions to find a way forward.
2. [bookmark: _Toc12718547]Discussion
2.1 Further explanation on the issue
The dedicated RACH configuration is provided via RACH-ConfigDedicated. If cfra is provided, UE can be configured either with CFRA-SSB-Resource or CFRA-CSIRS-Resource.
CFRA resources associated with SSB
For CFRA resources associated with SSB, the following occasions and resources will be configured:
Occasions:
rach-ConfigGeneric              RACH-ConfigGeneric,
ssb-perRACH-Occasion            ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}
                                                                                                         
RACH-ConfigGeneric ::=              SEQUENCE {
    prach-ConfigurationIndex            INTEGER (0..255),
    msg1-FDM                            ENUMERATED {one, two, four, eight},
    msg1-FrequencyStart                 INTEGER (0..maxNrofPhysicalResourceBlocks-1),
    zeroCorrelationZoneConfig           INTEGER(0..15),
    preambleReceivedTargetPower         INTEGER (-202..-60),
    preambleTransMax                    ENUMERATED {n3, n4, n5, n6, n7, n8, n10, n20, n50, n100, n200},
    powerRampingStep                    ENUMERATED {dB0, dB2, dB4, dB6},
    ra-ResponseWindow                   ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80},
    ...
}

Resources:
ssb-ResourceList                SEQUENCE (SIZE(1..maxRA-SSB-Resources)) OF CFRA-SSB-Resource,
ra-ssb-OccasionMaskIndex        INTEGER (0..15)
CFRA-SSB-Resource ::=           SEQUENCE {
    ssb                             SSB-Index,
    ra-PreambleIndex                INTEGER (0..63),
    ...
}
An example of SSB associated CFRA configuration is shown below:
NTOT = 2 (total number of SSBs, obtained from the value of ssb-PositionsInBurst in SIB1 or ServingCellConfigCommon)
PRACH configuration Index = 12 (PRACH configuration period = 2 radio frames)
ssb-perRACH-Occasion: 1/2
Msg1-FDM = 1
ra-ssb-OccasionMaskIndex: 9 (every even PRACH occasion)
totalNumberOfRA-Preambles: 60
SSB#0:  ra-PreambleIndex = 32
SSB#1:  ra-PreambleIndex = 34


Figure 1: An example of SSB associated CFRA resource configuration
CFRA resources associated with CSI-RS
For CFRA resources associated with CSI-RS, the following occasions and resources will be configured:
Occasions:
rach-ConfigGeneric              RACH-ConfigGeneric,
                                                                                                         
RACH-ConfigGeneric ::=              SEQUENCE {
    prach-ConfigurationIndex            INTEGER (0..255),
    msg1-FDM                            ENUMERATED {one, two, four, eight},
    msg1-FrequencyStart                 INTEGER (0..maxNrofPhysicalResourceBlocks-1),
    zeroCorrelationZoneConfig           INTEGER(0..15),
    preambleReceivedTargetPower         INTEGER (-202..-60),
    preambleTransMax                    ENUMERATED {n3, n4, n5, n6, n7, n8, n10, n20, n50, n100, n200},
    powerRampingStep                    ENUMERATED {dB0, dB2, dB4, dB6},
    ra-ResponseWindow                   ENUMERATED {sl1, sl2, sl4, sl8, sl10, sl20, sl40, sl80},
    ...
}

Note that the ssb-perRACH-Occasion is absent based on the following presence condition:
	Conditional Presence
	Explanation

	SSB-CFRA
	The field is mandatory present if the field resources in CFRA is set to ssb; otherwise it is absent.

	Occasions
	The field is optionally present, Need S, if the field occasions is present, otherwise it is absent.


Resources:
csirs-ResourceList              SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF CFRA-CSIRS-Resource,
rsrp-ThresholdCSI-RS            RSRP-Range
CFRA-CSIRS-Resource ::=         SEQUENCE {
    csi-RS                          CSI-RS-Index,
    ra-OccasionList                 SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS)) OF INTEGER (0..maxRA-Occasions-1),
    ra-PreambleIndex                INTEGER (0..63),
    ...
}
However, we find it a little bit problematic when interpreting the ra-OccasionList associated with a certain CSI-RS. The following descriptions have been captured in TS38.213 about the reset of the indexing of the PRACH occasions indicated by ra-OccasionList.
The indexing of the PRACH occasions indicated by ra-OccasionList is reset per association pattern period. (From TS38.213 8.1)
If we look at the determination of an association period as captured in TS38.213, it is quite clear that the length of the association period is an integral multiple of the PRACH configuration period so that SSBs are mapped at least once to the PRACH occasions within the association period, which means the association between SSB and RACH occasions are needed to decide the length of the associated period so that UE can understand how the indexing of the PRACH occasions indicated by ra-OccasionList is reset.
An association period, starting from frame 0, for mapping SS/PBCH blocks to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 such that SS/PBCH blocks are mapped at least once to the PRACH occasions within the association period, where a UE obtains from the value of ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon. (From TS38.213 8.1)

Table 8.1-1: Mapping between PRACH configuration period and SS/PBCH block to PRACH occasion association period
	PRACH configuration period (msec)
	Association period (number of PRACH configuration periods)

	10
	{1, 2, 4, 8, 16}

	20
	{1, 2, 4, 8}

	40
	{1, 2, 4}

	80
	{1, 2}

	160
	{1}


Additionally, it has been clearly specified in TS38.213 that the UE is provided with ssb-perRACH-Occasion in occasions if cfra is provided.
For a dedicated RACH configuration provided by RACH-ConfigDedicated, if cfra is provided, a UE is provided SS/PBCH blocks associated with one PRACH occasion by ssb-perRACH-Occasion in occasions. (From TS38.213 8.1)
Observation 1: Since the indexing of the PRACH occasions indicated by ra-OccasionList is reset per PRACH association period, UE should be provided with the association between SSB and RACH occasions to derive the PRACH association period so that it can understand the indexing of the PRACH occasions indicated by ra-OccasionList when CSI-RS based CFRA is configured in RACH-ConfigDedicated.
Based on the above understanding on the reset of the indexing of the PRACH occasions indicated by ra-OccasionList as specified in RAN1, the following example is given to show the expected CSI-RS associated CFRA configuration and the corresponding interpretation.
NTOT = 2 (total number of SSBs, obtained from the value of ssb-PositionsInBurst in SIB1 or ServingCellConfigCommon)
ssb-perRACH-Occasion: 1/2
PRACH configuration Index = 12 (PRACH configuration period = 2 radio frames)
Msg1-FDM = 1
totalNumberOfRA-Preambles: 60
csi-RS#0: ra-OccasionList:  0, 3 ; ra-PreambleIndex = 36
csi-RS#1: ra-OccasionList:  1, 2 ; ra-PreambleIndex = 38
=> Association period = 4*PRACH configuration period


Figure 2: An example of per CSI-RS CFRA resource configuration
2.2 Potential solutions
The issue has been acknowledged by companies during offline discussion [Offline-006] [NR15] L2 Configuration (Samsung, ZTE) at RAN2#109bis [1] but no agreements have been made mainly because companies were concerned about the backward compatibility. 
In this chapter, some potential solutions are given for further discussion.
· Solution 1: Change the reset rule of the indexing of the PRACH occasions indicated by ra-OccasionList and clarify that it is reset per RACH configuration period instead of per association pattern period. (NBC)
· Solution 2: Change the presence condition of ssb-perRACH-Occasion in CFRA into “Cond Mandatory”[2]. (NBC)
· Solution 3: Introduce a new IE to configure the association between SSB and RACH occasions for CSI-RS based CFRA. (BC)
During the offline discussion, it was also proposed to solve this issue by NW implementation to not configure the occasions in RACH-ConfigDedicated and UE will use the rach-ConfigGeneric and ssb-perRACH-OccasionAndCB-PreamblesPerSSB in RACH-ConfigCommon instead. However, this is not a “solution” because the intention of having occasions configured in RACH-ConfigDedicated is to provide UE specific RACH resource in frequency and time domain for CFRA while limiting NW configuration to reuse the rach-ConfigGeneric and ssb-perRACH-OccasionAndCB-PreamblesPerSSB in RACH-ConfigCommon will actually disable the functionality to configure separate UE specific CSI-RS based CFRA resources.
Among all the listed solutions, both solution 1 and 2 will result in NBC change in either RAN1 or RAN2 spec. Solution 1 is also one possible solution but since it will mainly change the RAN1 spec and it should be up to RAN1 to check if it is workable and make a decision accordingly. Solution 2 is consistent with the description in RAN1 spec and will not change the need code as the field is still OPIONAL in ASN.1 syntax.
One potential BC change, as listed as solution 3, is to introduce a new IE to configure the association between SSB and RACH occasions for CSI-RS based CFRA as a NCE change in RACH-ConfigDedicated. 
According to the quoted descriptions from RAN1 spec in 2.1, it is quite clear from RAN1’s perspective that the association between SSB and RACH occasions shall be provided when NW configures CSI-RS based CFRA. Thus, we prefer to have RAN2 solution (i.e. solution 2 or solution 3) to make our spec consistent with RAN1 spec.
For the solution 2 V.S. solution 3, it is our understanding that it depends on whether there is any UE who has implemented the feature as solution 2 suggested. If there is any UE implement the feature as solution 2 suggested, which means the UE in the market either does not support the feature or implement the feature as solution 2 suggested, then we prefer to adopt solution 2. Otherwise we may have to disable the CSI-RS CFRA configuration for all the legacy UE and introduce a new capability bit indicating support for separate CSI-RS CFRA resource configuration to replace the csi-RS-CFRA-ForHO. If currently there is no UE supporting the feature, then solution 3 is preferable to have a literally BC CR.
Proposal 1: Down select from the following two RAN2 solutions and agree the corresponding CR:
· Solution 2: Change the presence condition of ssb-perRACH-Occasion in CFRA into “Cond Mandatory” [2] [3]. (NBC)
· Solution 3: Introduce a new IE to configure the association between SSB and RACH occasions for CSI-RS based CFRA [4] [5]. (BC)
Proposal 2: FFS whether a new capability is needed to indicate UE’s support for separate CSI-RS CFRA resource configuration.
3. Conclusion and proposals
With the above analysis, we have the following observation and proposal:
Observation 1: Since the indexing of the PRACH occasions indicated by ra-OccasionList is reset per PRACH association period, UE should be provided with the association between SSB and RACH occasions to derive the PRACH association period so that it can understand the indexing of the PRACH occasions indicated by ra-OccasionList when CSI-RS based CFRA is configured in RACH-ConfigDedicated.
Proposal 1: Down select from the following two RAN2 solutions and agree the corresponding CR:
· Solution 2: Change the presence condition of ssb-perRACH-Occasion in CFRA into “Cond Mandatory” [2] [3]. (NBC)
· Solution 3: Introduce a new IE to configure the association between SSB and RACH occasions for CSI-RS based CFRA [4] [5]. (BC)
Proposal 2: FFS whether a new capability is needed to indicate UE’s support for separate CSI-RS CFRA resource configuration.
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