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Introduction
In last RAN WG1 meeting, a reply LS was sent toward RAN WG3, listing all the high-layer parameters which affecting the RACH configuration, albeit leave the flexibility that RAN WG3 could take the final decision on what parameter to be transferred over the interfaces, and how to transfer them [1]. In this contribution we would propose a feasible solution for PRACH coordination over the interfaces, mainly by following RAN WG1’s instruction but with some minor adaption.
Discussion
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]Multiple sets of PRACH configuration per cell
At first we want to emphasise one field listed in the reply LS:
· rootSequenceIndex-BFR(e.g., in BeamFailureRecoveryConfig)
This parameter clearly shows RAN1’s understanding that the PRACH resources used for BFR can also be subject to coordination. For one given cell, different UEs can be configured with different dedicated PRACH resources for BFR, especially for the case that the current BWP does not overlap with the cell’s initial BWP and thus cannot reuse the same PRACH resource as the one broadcast in SIB1. All of these PRACH resources should be subject to PRACH coordination.
Observation 1: For one given cell, there may be multiple sets of PRACH resource for multiple BWPs, which could all be subject of PRACH coordination.
Another issue is that the dedicated PRACH resources for BFR could be somehow “dynamic”. For example, one UE is handed over to one cell and configured with some dedicated PRACH resource for BFR, and some minutes later it is handed over to another cell. It is obviously redundant to update the PRACH configuration information over the interfaces upon every attachment or detachment of any UE. Hence we need to find some other solution.
For efficiency and ease of management, one cell tends to reserve only a few semi-static blocks of time-frequency resource dedicated for PRACH, and determines their preamble sequences and formats respectively prior to configuring them to UEs. This comes from the fact that PRACH dedicated for BFR is actually quite resource-consuming: once a UE is configured with PRACH dedicated for BFR, the cell will have to monitor every RACH occasion persistently, and the time-frequency resource occupied by any of these RACH occasion is no longer possible to be used for any data transmission for any UE. Such time-frequency resource can be as small as 139 time-frequency symbols per RACH occasion for RACH format C0, and can be as large as 3356 time-frequency symbols per RACH occasion for RACH format 2 or 3. On the other hand, different UEs can share the same RACH occasion for BFR, as they can be distinguished by using different preambles.
Observation 2: Multiple UEs can share the same PRACH resource for BFR, distinguished by using different preambles.
It would be beneficial if we allow a gNB to exchange not only the set of PRACH configuration it broadcasts but also the semi-static “candidate” sets of PRACH configuration potentially used in per-UE dedicated configuration, or otherwise neighbouring cells would have to exchange PRACH configuration frequently without any actual benefit. We should note that the PRACH conflict does not happen easily—it happens virtually only if every parameter is configured the same.
For example, in most common conditions PRACH conflict never happens as long as the RootSequenceIndex parameters, whose value range is at least 0..137, are configured different among neighbouring cells. Since one cell is unlikely to have more than 138 neighbour cells working on the same UL frequency (obviously, no PRACH conflict would happen between the cells working in different UL frequency), PRACH conflict can be easily prevented by assigning different values for RootSequenceIndex. Hence there is no need to reuse any PRACH parameter dynamically among neighbouring cells, making the solution of semi-static candidate PRACH configuration pool a feasible and efficient way.
Observation 3: It is feasible and efficient to maintain a semi-static candidate PRACH configuration pool for e.g. BFR.
Proposal 1: One gNB may inform its neighbour about multiple sets of PRACH configuration currently in use or reserved.
The next question is length of this list.
The major purpose of configuring dedicated PRACH is to adapt for BWP. This is an issue of the frequency domain. In this domain, however, one PRACH preamble ordinarily spans quite wide.
For FR1, the length of PRACH preamble counting in subcarrier, i.e. , can be either 839 or 139.
For the sub-case of , the subcarrier spacing, i.e. , can be either 1.25kHz or 5kHz according to Table 6.3.3.2-1 of TS 38.211, making up the entire length  1.04875MHz or 4.195MHz respectively.
For the sub-case of ,  can be either 15kHz or 30kHz according to TS 38.331 (see in the field description of msg1-SubcarrierSpacing and msg1-SubcarrierSpacing-v1530), making up the entire length  2.085MHz or 4.17MHz respectively.
For FR2,  can only be 139 (According to Table 6.3.3.1-1 of TS 38.211, for  the value of “Preamble Format” can only be 0, 1, 2 or 3; and according to Table 6.3.3.2-4 of TS 38.211 the “Preamble Format” is never 0, 1, 2, 3 for FR2, hence  cannot be 839), whereas  can be either 60kHz or 120kHz (see in the field description of msg1-SubcarrierSpacing and msg1-SubcarrierSpacing-v1530 as well), making up the entire length  8.34MHz or 16.68MHz respectively.
As a result, the value of  for PRACH configuration with  ( is generally designed for only initial BWP and cannot be used for BFR according to TS 38.331, i.e. usually there is only one set of PRACH configuration of  per UL band), according to Table 6.3.3.2-1 of TS 38.211, is at least 3, and ordinarily is 12. This can be interpreted as that every RACH occasion “occupies” at least 2 PRBs and ordinarily 12 PRBs. The maximum number of PRBs for each UL carrier is 275, which results in that the maximum feasible number of FDM RACH occasion is at most 91 and ordinarily is 22 for each UL carrier. There is no room to pile more RACH occasions into any UL carrier.
Nevertheless, it is still possible to configure different UE with POs occupying resources which are same in the frequency-domain but different time position. Such “TDM configuration” is very limited as the entire system is not designed to support it. From Table 6.3.3.2-2 through Table 6.3.3.2-4 we can observe that PRACH occasions tend to occur at some very specific positions, e.g. within the frames whose SFN≡1 mod 16, within the subframes with number 1, 4, 7, or 9. It is impossible for a cell to configure different PRACH parameters for many UEs at the same frequency domain, while keeping none of their RACH occasions overlapping with another.
Based on the abovementioned analysis, we think the maximum length of PRACH configuration list per cell can be defined as 1023.
Proposal 2: The list of sets of PRACH configuration could have a maximum length of 1023.
Introduction on content of each set of PRACH configuration
Following we want to analysis how to encode the parameters provided by RAN1 one by one.
· prach-ConfigurationIndex (e.g., in RACH-ConfigGeneric) 
This field is used to determine the preamble format for each RACH occasion and time-domain pattern of RACH occasions. This field should be mandatory present per set of PRACH configuration.
· prach-RootSequenceIndex  (e.g., in RACH-ConfigCommon)
· restrictedSetConfig  (e.g., in RACH-ConfigCommon)
· zeroCorrelationZoneConfig (e.g., in RACH-ConfigGeneric)
These three fields are used to further determine the preamble coding for every RACH occasion. These three fields can be mandatory present per set of PRACH configuration, although the field restrictedSetConfig always has a value of “unrestricted” for .
· msg1-SubcarrierSpacing (e.g., in RACH-ConfigCommon)
This field has many uses and should be included per set of PRACH configuration.
· rootSequenceIndex-BFR(e.g., in BeamFailureRecoveryConfig)
This field is simply a substitute of prach-RootSequenceIndex, while limits that only  can be used. We need not duplicate it. Note that any restricted set is never used for the case of  and thus there is no substitute of restrictedSetConfig in BeamFailureRecoveryConfig.
· absoluteFrequencyPointA (e.g., in FrequencyInfoUL) 
This field is already included within XnAP and F1AP, in a per-UL/SUL granularity. We need not duplicate it either.
· scs-SpecificCarrierList (e.g., in FrequencyInfoUL) 
This field is should also be delivered in per-UL/SUL granularity. It is a list and includes four sub-fields per item:
    scs-SpecificCarrierList             SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier,

SCS-SpecificCarrier ::=             SEQUENCE {
    offsetToCarrier                     INTEGER (0..2199),
    subcarrierSpacing                   SubcarrierSpacing,
    carrierBandwidth                    INTEGER (1..maxNrofPhysicalResourceBlocks),
    ...,
    [[
    txDirectCurrentLocation-v1530   INTEGER (0..4095)                 OPTIONAL      -- Need S
    ]]
}
Technically speaking, the only sub-fields which affects the frequency position of a RACH occasion is offsetToCarrier, and subcarrierSpacing, i.e. the other two fields is no use for PRACH coordination at all. However, the other two fields do not cost many bits and may still be useful for some other purpose, and thus we still propose to include the entire scs-SpecificCarrierList into XnAP and F1AP.
· freqBandIndicatorNR (e.g., in FrequencyInfoUL)
Well, the field here only intend to indicate whether the band is TDD or FDD, which only affects whether the absoluteFrequencyPointA field is present within FrequencyInfoUL or FrequencyInfoDL…Nevertheless we have already “NR Frequency Band List” within XnAP and F1AP. No need to duplicate anyhow.
· frequencyShift7p5khz (e.g., in FrequencyInfoUL) 
This field is optionally present, used combined with the absoluteFrequencyPointA, and encoded in TS 38.331 in a per-UL/SUL granularity. We should simply copy it into XnAP and F1AP.
· subcarrierSpacing (e.g., in UL BWP), 
This field is in fact a reference, used to indicate which resource grid the BWP belongs to, i.e. used to indicate not only the subcarrierSpacing field within the SCS-SpecificCarrier structure, but also the offsetToCarrier field.
· locationAndBandwidth (e.g., in UL BWP), 
This field is used to indicate the frequency domain start point and the bandwidth of a BWP. However, the bandwidth of BWP is in fact irrelevant to PRACH coordination.
· msg1-FrequencyStart (e.g., in RACH-ConfigGeneric)
This field is used to indicate the frequency domain start point for a set of PRACH configuration, by counting PRBs from the start point of its relevant BWP.
· msg1-FDM (e.g., in RACH-ConfigGeneric)
This field is used to indicate the number of FDM RACH occasions within a set of PRACH configuration. This field should be transferred per set of PRACH configuration.
· ssb-PositionsInBurst (e.g., in SIB1)
This field tells the number of beams within a cell.
· ssb-perRACH-OccasionAndCB-PreamblesPerSSB (e.g., in RACH-ConfigCommon)
This field indicates what paging occasion and contention-based preambles can be used for each beam. For BFR, some similar field is used, i.e. ssb-perRACH-Occasion and candidateBeamRSList.
· tdd-UL-DL-ConfigurationCommon (e.g., in ServingCellConfigCommonSIB)
TDD pattern may affect time-domain distribution of RACH occasions. This information should be transferred per cell or per UL/SUL synonymously (SUL band is never TDD). Recently a new IE, namely Intended TDD DL-UL Configuration NR, was introduced into RAN3 specifications, which also contains the aforementioned information and thus can be reused directly. No need to duplicate.
Above are all the IEs listed in [1]. However there are two minor issues: the one is that it is “logically incorrect” to transfer BWP-related information within non-UE-associated XnAP or F1AP messages; the other is that the benefit to exchange beam-related parameters is very questionable, and what to transfer over interfaces is also hard to determine as RAN1 only provided the parameters related with the initial BWP but not applicable for BFR. Following we will analyse the two issues.
Bypassing BWP
Transferring BWP-related parameter over XnAP or F1AP may not be proper, as BWPs (other than the initial BWP) are all configured per UE. Technically, one cell can have a large flexibility on configuring BWPs for each UE. It is very common that different BWPs, configured for different UE, share the same set of PRACH resources, ordinarily albeit not always the PRACH resource for the initial BWP broadcast in SIB1. However, as the field msg1-FrequencyStart is counted from the start point of the BWP, its value has to vary among different BWPs even though they points to the same set of PRACH resources. (See in Figure 1.)


[bookmark: _Ref27148871]Figure 1: Different BWPs sharing the same set of PRACH resources, and the way to bypass them.
If we simply copy all these RRC parameters into RAN3 specifications, the IE structure have to be like this in order to deliver only one FDM group of PRACH occasions:
PRACH Configuration List
>PRACH Configuration Item #X1
>>Subcarrier Spacing (3 bits)
>>Location and Bandwidth (16 bits, used to define BWP #1)
>>MSG1 Frequency Start (9 bits)
>>many other IEs, e.g. PRACH Configuration Index, Root Sequence Index, etc. (many bits)
>PRACH Configuration Item #X2
>>Subcarrier Spacing (3 bits)
>>Location and Bandwidth (16 bits, used to define BWP #2)
>>MSG1 Frequency Start (9 bits)
>>many other IEs, e.g. PRACH Configuration Index, Root Sequence Index, etc. (many bits)
>PRACH Configuration Item #X3
>>Subcarrier Spacing (3 bits)
>>Location and Bandwidth (16 bits, used to define BWP #3)
>>MSG1 Frequency Start (9 bits)
>>many other IEs, e.g. PRACH Configuration Index, Root Sequence Index, etc. (many bits)
This is obviously redundant. Hence we propose a “decoupling” solution, which add the two fields altogether. In this solution the IE structure can be significantly simplified as following:
PRACH Configuration List
>PRACH Configuration Item #X
>>Subcarrier Spacing (3 bits)
>>MSG1 Frequency Start from Carrier (9 bits)
>>many other IEs, e.g. PRACH Configuration Index, Root Sequence Index, etc. (many bits)
Nevertheless any other feasible solution is also acceptable for us.
Proposal 3: In order to avoid transferring BWP-related parameters within non-UE associated signalling, and in order to avoid duplicate IEs, we propose to transfer “MSG1 Frequency Start from Carrier” instead of “Location and Bandwidth” and “MSG1 Frequency Start”.
The field “MSG1 Frequency Start from Carrier” would be defined as the “location” part value of locationAndBandwidth deduced according to §5.1.2.2.2 of TS 38.214, and the value of msg1-FrequencyStart. Its value range can be deduced as INTEGER (0..274), i.e., the same as the “location” part value of locationAndBandwidth, according to §5.1.2.2.2 of TS 38.214 and the field description of msg1-FrequencyStart in TS 38.331.
Proposal 4: The value range of “MSG1 Frequency Start from Carrier” should be defined as (0..274).
Beam-Related Parameters
The motivation to exchange PRACH parameters between cells, as mentioned repeatedly in recent meetings, is to prevent PRACH conflict as possible. For most parameters mentioned above, it is clear how to prevent PRACH conflict by knowing the value of these parameters of neighbour cells, e.g.:
· prach-RootSequenceIndex: For most cases, PRACH signals encoded according to different prach-RootSequenceIndex would not be the same as another. Thus one cell can ordinarily prevent PRACH conflict by configuring a prach-RootSequenceIndex different from the ones of all its neighbour cells.
· Frequency-domain parameters: If two PRACH signals are delivered at different frequency (even if they partly overlap), it would be very easy for any receiver to distinguish one from another. Thus one cell can prevent PRACH conflict by configuring its PRACH occasion with a frequency position different from the ones of all its neighbour cells.
· Time-domain parameters: Similar with the one above, two PRACH signals can be easily distinguished if they are delivered in different subframes. Thus one cell can prevent PRACH conflict by configuring prach-ConfigurationIndex properly so that none of its PRACH occasions locating at the same subframe as any of its neighbours.
For beam-related parameters, however, such method is unclear. The abovementioned parameters either indicate on which time-frequency position locate the PRACH occasions, or indicate how the 64 preambles are encoded. On the other side, the beam-related parameters only talk about how these PRACH occasions and preambles are distributed among beams. If two cells configure all the PRACH parameters the same except for the beam-related ones, PRACH conflict would still occurs more or less. That is not our intention to exchange PRACH parameters.
What make it more useless is that even how to mitigate PRACH conflict is unclear as well. Suppose that there are two cells, where Cell 1 has a beam oriented right toward Cell 2. Should this beam use the same PRACH resource as the beam of Cell 2 with the same orientation, or with a right opposite orientation? It depends. (See in Figure 2.)


[bookmark: _Ref24033996]Figure 2: Parallel or antiparallel, it is a question.
If the UEs camping in Cell 2 all have only omnidirectional antenna, or cannot fully control its beam direction due to some reason (e.g. indoor but near a window), the UEs covered by the antiparallel beam will have more impact toward Cell 1 when sending the RACH MSG1 than its counterpart. In this case it is more optimal for the considered beam to configure its PRACH resources the same as the parallel beam of its neighbour than as the antiparallel beam. (See in Figure 3.)


[bookmark: _Ref27148967]Figure 3: Optimal RO selection in the case of omnidirectional antenna.
If the UEs camping in Cell 2 all have directional antenna, on the other hand, the UEs covered by the parallel beam will have more impact toward Cell 2 when sending the RACH MSG1 than its counterpart. In this case it is more optimal for the considered beam to configure its PRACH resources the same as the antiparallel beam of its neighbour than as the parallel beam. (See in Figure 4.)


[bookmark: _Ref27148989]Figure 4: Optimal RO selection in the case of directional antenna.
However, it is usually not easy to tell which case is common for Cell 2. This result in ambiguity when perform optimisation, which further weaken the benefit to exchange the beam-related RACH parameters between cells.
Observation 4: The benefit to exchange beam-related RACH parameters between cells is insignificant.
Another problem is how to encode the beam-related RACH parameters. In the LS provided by RAN1, only the parameters in RACH-ConfigCommon is mentioned. However this structure does not apply for BFR, where two different fields are defined instead:
BeamFailureRecoveryConfig ::=   SEQUENCE {
    rootSequenceIndex-BFR           INTEGER (0..137)                        OPTIONAL, -- Need M
    rach-ConfigBFR                  RACH-ConfigGeneric                      OPTIONAL, -- Need M
    rsrp-ThresholdSSB               RSRP-Range                              OPTIONAL, -- Need M
    candidateBeamRSList             SEQUENCE (SIZE(1..maxNrofCandidateBeams))
                                 OF PRACH-ResourceDedicatedBFR              OPTIONAL, -- Need M
    ssb-perRACH-Occasion            ENUMERATED {oneEighth, oneFourth, oneHalf, one, two,
                                                four, eight, sixteen}       OPTIONAL, -- Need M
    ra-ssb-OccasionMaskIndex        INTEGER (0..15)                         OPTIONAL, -- Need M
    recoverySearchSpaceId           SearchSpaceId                           OPTIONAL, -- Need R
    ra-Prioritization               RA-Prioritization                       OPTIONAL, -- Need R
    beamFailureRecoveryTimer        ENUMERATED {ms10, ms20, ms40, ms60, ms80,
                                                ms100, ms150, ms200}        OPTIONAL, -- Need M
    ...,
    [[
    msg1-SubcarrierSpacing-v1530    SubcarrierSpacing                       OPTIONAL  -- Need M
    ]]
}

PRACH-ResourceDedicatedBFR ::=  CHOICE {
    ssb                             BFR-SSB-Resource,
    csi-RS                          BFR-CSIRS-Resource
}

BFR-SSB-Resource ::=            SEQUENCE {
    ssb                             SSB-Index,
    ra-PreambleIndex                INTEGER (0..63),
    ...
}

BFR-CSIRS-Resource ::=          SEQUENCE {
    csi-RS                          NZP-CSI-RS-ResourceId,
    ra-OccasionList                 SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS))
                                 OF INTEGER (0..maxRA-Occasions-1)          OPTIONAL, -- Need R
    ra-PreambleIndex                INTEGER (0..63)                         OPTIONAL, -- Need R
    ...
}
This IE is encoded in a per-UE pattern and thus not suitable to be copied into non-UE associated signalling either. How to solve this issue is outside RAN3’s scope and seems impossible to finish in Rel-16.
Observation 5: The field ssb-perRACH-OccasionAndCB-PreamblesPerSSB is not applicable for BFR, for which significantly different fields are used instead and not suitable to copy into XnAP or F1AP directly.
Proposal 5: Considering the complexity of beam-related parameters, they are not proposed to be exchanged between cells in Rel-16. Any further study in Rel-17 is not precluded.
Conclusion on content of each set of PRACH configuration
Proposal 6: Following parameters should be delivered per UL/SUL: scs-SpecificCarrierList and frequencyShift7p5khz.
Proposal 7: Following parameters should be delivered per set of PRACH configuration: subcarrierSpacing, “MSG1 Frequency Start from Carrier”, msg1-SubcarrierSpacing, msg1-FDM, prach-ConfigurationIndex, prach-RootSequenceIndex, zeroCorrelationZoneConfig, and restrictedSetConfig.
Deliver PRACH configuration toward gNB-DUs
The last issue is what node to perform PRACH coordination, i.e. to decide how to adjust PRACH configuration if PRACH conflict is detected. In RAN3#106 meeting it was agree that:
gNB-DU needs to know the PRACH configuration of some or all cells neighbors to a cell subject to RACH configuration conflict, in order to effectively chose a new PRACH configuration for the cell in conflict
Therefore F1AP should be enhanced so that the gNB-CU can deliver the PRACH configuration of neighbour cells toward the gNB-DU. One-dimensional list, e.g. namely “Neighbour Cell Configuration Information List”, is proposed to use in order to avoid unnecessary duplication of PRACH configuration information, as one cell belonging to another gNB may be a neighbour cell of many cells belonging to the current gNB-DU.
Proposal 8: One-dimensional list, e.g. namely “Neighbour Cell Configuration Information List”, is proposed to be introduced in F1AP GNB-CU CONFIGURATION UPDATE message in order to carry the PRACH configuration of the cells belonging to other gNBs toward the gNB-DU.
Conclusion
Observation 1: For one given cell, there may be multiple sets of PRACH resource for multiple BWPs, which could all be subject of PRACH coordination.
Observation 2: Multiple UEs can share the same PRACH resource for BFR, distinguished by using different preambles.
Observation 3: It is feasible and efficient to maintain a semi-static candidate PRACH configuration pool for e.g. BFR.
Proposal 1: One gNB may inform its neighbour about multiple sets of PRACH configuration currently in use or reserved.
Proposal 2: The list of sets of PRACH configuration could have a maximum length of 1023.
Proposal 3: In order to avoid transferring BWP-related parameters within non-UE associated signalling, and in order to avoid duplicate IEs, we propose to transfer “MSG1 Frequency Start from Carrier” instead of “Location and Bandwidth” and “MSG1 Frequency Start”.
Proposal 4: The value range of “MSG1 Frequency Start from Carrier” should be defined as (0..274).
Observation 4: The benefit to exchange beam-related RACH parameters between cells is insignificant.
Observation 5: The field ssb-perRACH-OccasionAndCB-PreamblesPerSSB is not applicable for BFR, for which significantly different fields are used instead and not suitable to copy into XnAP or F1AP directly.
Proposal 5: Considering the complexity of beam-related parameters, they are not proposed to be exchanged between cells in Rel-16. Any further study in Rel-17 is not precluded.
Proposal 6: Following parameters should be delivered per UL/SUL: scs-SpecificCarrierList and frequencyShift7p5khz.
Proposal 7: Following parameters should be delivered per set of PRACH configuration: subcarrierSpacing, “MSG1 Frequency Start from Carrier”, msg1-SubcarrierSpacing, msg1-FDM, prach-ConfigurationIndex, prach-RootSequenceIndex, zeroCorrelationZoneConfig, and restrictedSetConfig.
Proposal 8: One-dimensional list, e.g. namely “Neighbour Cell Configuration Information List”, is proposed to be introduced in F1AP GNB-CU CONFIGURATION UPDATE message in order to carry the PRACH configuration of the cells belonging to other gNBs toward the gNB-DU.
Based on abovementioned proposals, we draft three TPs accordingly [2–4].
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