3GPP TSG-RAN WG2 Meeting #119-e	R2-2207997
Online, 15th – 26th August, 2022

Agenda Item:	6.18.1
Source:	MediaTek Inc.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Title:	On the number of RACH partitions
Document for:	Discussion and decision
1 Introduction
In this document we show that in the current version of the specifications, up to 131584 RACH partitions can be configured per BWP in a cell. Given that RACH partitioning support is required of ‘low-complexity’ RedCap UEs, it is unreasonable to have such a high requirement, and this number needs to be reduced to a reasonable limit.
2 Discussion
In R2-117e, we had a discussion [1] on the number of RACH configurations to support, and reached the following agreement:
Agreement from R2-117e [2]:
The maximum number of additional RACH configurations in RRC signaling is [MaxnrofSliceGroups] * 8 or [MaxnrofSliceGroups] * 8 – 1, which can be up to the CR rapporteur to decide.
At the time this agreement was reached, the number of slice groups was not known and the true impact of this agreement was not fully understood. The current version of the RRC specification now provide this number as 8 (maxSliceInfo), leading to the rather large requirement of 64 additional RACH configurations.[bookmark: _Ref110436088][bookmark: _Hlk110436577][bookmark: _Hlk110436578][bookmark: _Hlk110436579][bookmark: _Hlk110436580]Excerpt 1: Number of additional RACH configurations introduced by RACH partitioning [3]

BWP-UplinkCommon ::=          SEQUENCE {
    genericParameters             BWP,
    rach-ConfigCommon             SetupRelease { RACH-ConfigCommon }                                      

…<text deleted for brevity>…

    msgA-ConfigCommon-r16         SetupRelease { MsgA-ConfigCommon-r16 } OPTIONAL   -- Cond SpCellOnly2

…<text deleted for brevity>…

    additionalRACH-ConfigList-r17 SetupRelease { AdditionalRACH-ConfigList-r17 } OPTIONAL, -- Cond SpCellOnly2

…<text deleted for brevity>…
}

AdditionalRACH-ConfigList-r17 ::= SEQUENCE (SIZE(1..maxAdditionalRACH-r17)) OF AdditionalRACH-Config-r17

AdditionalRACH-Config-r17 ::=       SEQUENCE {
    rach-ConfigCommon-r17               RACH-ConfigCommon       OPTIONAL,  -- Need R
    msgA-ConfigCommon-r17               MsgA-ConfigCommon-r16   OPTIONAL,  -- Need R
    ...
}

maxAdditionalRACH-r17     INTEGER ::= 256     -- Maximum number of additional RACH configurations.

As highlighted in Excerpt 1 above, the current version of the RRC specification [3] goes even further and defines the maximum number of additional RACH configurations as 256. Taking a closer look at RACH partitions within a 2-step RACH configuration or a 4-step RACH configuration (see Excerpt 2 below), we can see that the number of partitions to support per RACH configuration can also go up to 256.


[bookmark: _Ref110436681]Excerpt 2: Number of RACH partitions per RACH configuration [3]
RACH-ConfigCommon ::=               SEQUENCE {

…<text deleted for brevity>…
    featureCombinationPreamblesList-r17     SEQUENCE (SIZE(1..maxFeatureCombPreamblesPerRACHResource-r17)) OF FeatureCombinationPreambles-r17 OPTIONAL -- Need R
}


RACH-ConfigCommonTwoStepRA-r16 ::=                   SEQUENCE {

…<text deleted for brevity>…
    featureCombinationPreamblesList-r17 SEQUENCE (SIZE(1..maxFeatureCombPreamblesPerRACHResource-r17)) OF FeatureCombinationPreambles-r17 OPTIONAL  -- Need R

…<text deleted for brevity>…
}


FeatureCombinationPreambles-r17 ::=   SEQUENCE {
    featureCombination-r17                FeatureCombination-r17,
    startPreambleForThisPartition-r17     INTEGER (1..64),
    numberOfPreamblesPerSSB-ForThisPartition-r17 INTEGER (1..64),
    ssb-SharedRO-MaskIndex-r17            INTEGER (1..15)           OPTIONAL, -- Need S
    groupBconfigured-r17                  SEQUENCE {
        ra-SizeGroupA-r17                     ENUMERATED {b56, b144, b208, b256, b282, b480, b640,
                                                          b800, b1000, b72, spare6, spare5,spare4,spare3,
                                                          spare2, spare1},
        messagePowerOffsetGroupB              ENUMERATED { minusinfinity, dB0, dB5, dB8, dB10, dB12,
                                                           dB15, dB18},
        numberOfRA-PreamblesGroupA            INTEGER (1..64)
    }                                                               OPTIONAL, -- Need S
    separateMsgA-PUSCH-Config-r17         MsgA-PUSCH-Config-r16     OPTIONAL, -- Cond MsgAConfigCommon
    msgA-RSRP-Threshold-r17               RSRP-Range                OPTIONAL, -- Need R
    rsrp-ThresholdSSB-r17                 RSRP-Range                OPTIONAL, -- Need R
    deltaPreamble-r17                     INTEGER (-1..6)           OPTIONAL, -- Need R
    ...
}

maxFeatureCombPreamblesPerRACHResource-r17 INTEGER ::= 256  -- Maximum number of feature combination preambles.


The consequence of having such large numbers in the specification is that we end up requiring a UE that supports RACH partitioning (e.g. a RedCap UE) to support up to (257 2StepRA + 257 4-StepRA) * 256 partitions, i.e. a ridiculously high 131584 RACH partitions per BWP in a cell! 
Observation 1: As per the current RRC specification, a RedCap UE is expected to store up to 131584 RACH partitions per BWP.

RACH partition information needs to be included in SIB1 which is limited to 372 bytes (2976 bits) in size by the physical layer. If 256 FeatureCombinationPreambles IEs are included in a RACH-ConfigCommon IE, the encoded size of this IE starts at 878 bytes at a minimum. Given that the number of RACH-ConfigCommon IEs can also go up to 257, we end up requiring >225 kilobytes to transmit the maximum number of configurable RACH partitions, which blows past the SIB1 size limit of 372 bytes. 
Observation 2: The maximum number of RACH partitions as currently defined cannot be signalled to the UE.

We need to select a reasonable value for the maximum number of RACH partitions that balances NW flexibility, signalling size  and UE storage requirements. Given that we can have up to 8 NW slices, and up to 8 non-slicing feature combinations, we suggest the following:
· Up to 8 RACH configurations (2-step RACH + 4-step RACH)
· Up to 8 RACH partitions per RACH configuration to allow 8 feature combinations
This signalling option still allows for 64 RACH partitions as earlier agreed. Even with this ‘reduced’ maximum configuration as above, we require at least 319bytes to signal 8*8 = 64 RACH partitions which can just about fit in SIB1, while not leaving room for other SIB1 information. However these new limits would still provide the NW with sufficient flexibility to configure RACH partitions while not setting unreasonable signalling requirements and extreme storage requirements of low-cost RedCap UEs.
Proposal 1: maxAdditionalRACH-r17 and maxFeatureCombPreamblesPerRACHResource-r17 are reduced to 8.

3 Conclusion
In this contribution we have the following observations:
Observation 1: As per the current RRC specification, a RedCap UE is expected to store up to 131584 RACH partitions per BWP.
Observation 2: The maximum number of RACH partitions as currently defined cannot be signalled to the UE.
Based on these observations, we propose:
Proposal 1: maxAdditionalRACH-r17 and maxFeatureCombPreamblesPerRACHResource-r17 are reduced to 8.
A TP is provided in the Annex for this proposal.
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5 Annex: Text Proposal
START OF CHANGE
[bookmark: _Toc60777558][bookmark: _Toc100930520]6.4	RRC multiplicity and type constraint values
[bookmark: _Toc60777559][bookmark: _Toc100930521]–	Multiplicity and type constraint definitions
-- ASN1START
-- TAG-MULTIPLICITY-AND-TYPE-CONSTRAINT-DEFINITIONS-START

ffsUpperLimit                           INTEGER ::= 9999    -- Introduced only for ASN.1 syntax purposes. Actual upper limit of the
                                                            -- ranges using this constant throughout the specification are FFS.
maxAdditionalRACH-r17                   INTEGER ::= 256     8       -- Maximum number of additional RACH configurations.
maxAI-DCI-PayloadSize-r16               INTEGER ::= 128      --Maximum size of the DCI payload scrambled with ai-RNTI
maxAI-DCI-PayloadSize-1-r16             INTEGER ::= 127      --Maximum size of the DCI payload scrambled with ai-RNTI minus 1
maxBandComb                             INTEGER ::= 65536   -- Maximum number of DL band combinations
maxBandsUTRA-FDD-r16                    INTEGER ::= 64      -- Maximum number of bands listed in UTRA-FDD UE caps
maxBH-RLC-ChannelID-r16                 INTEGER ::= 65536   -- Maximum value of BH RLC Channel ID
maxBT-IdReport-r16                      INTEGER ::= 32      -- Maximum number of Bluetooth IDs to report
maxBT-Name-r16                          INTEGER ::= 4       -- Maximum number of Bluetooth name
maxCAG-Cell-r16                         INTEGER ::= 16      -- Maximum number of NR CAG cell ranges in SIB3, SIB4
maxTwoPUCCH-Grp-ConfigList-r16          INTEGER ::= 32      -- Maximum number of supported configuration(s) of {primary PUCCH group
                                                            -- config, secondary PUCCH group config}
maxCBR-Config-r16                       INTEGER ::= 8       -- Maximum number of CBR range configurations for sidelink communication
                                                            -- congestion control
maxCBR-Config-1-r16                     INTEGER ::= 7       -- Maximum number of CBR range configurations for sidelink communication
                                                            -- congestion control minus 1
maxCBR-Level-r16                        INTEGER ::= 16      -- Maximum number of CBR levels
maxCBR-Level-1-r16                      INTEGER ::= 15      -- Maximum number of CBR levels minus 1
maxCellExcluded                         INTEGER ::= 16      -- Maximum number of NR exclude-listed cell ranges in SIB3, SIB4
maxCellGroupings-r16                    INTEGER ::= 32      -- Maximum number of cell groupings for NR-DC
maxCellHistory-r16                      INTEGER ::= 16      -- Maximum number of visited PCells reported
maxPSCellHistory-r17                    INTEGER ::= 16      -- Maximum number of visited PSCells across all reported PCells
maxCellInter                            INTEGER ::= 16      -- Maximum number of inter-Freq cells listed in SIB4
maxCellIntra                            INTEGER ::= 16      -- Maximum number of intra-Freq cells listed in SIB3
maxCellMeasEUTRA                        INTEGER ::= 32      -- Maximum number of cells in E-UTRAN
maxCellMeasIdle-r16                     INTEGER ::= 8       -- Maximum number of cells per carrier for idle/inactive measurements
maxCellMeasUTRA-FDD-r16                 INTEGER ::= 32      -- Maximum number of cells in FDD UTRAN
maxCellNTN-r17                          INTEGER ::= 4       -- Maximum number of NTN neighbour cells for which assistance information is
                                                            -- provided
maxCarrierTypePairList-r16              INTEGER ::= 16      -- Maximum number of supported carrier type pair of (carrier type on which
                                                            -- CSI measurement is performed, carrier type on which CSI reporting is
                                                            -- performed) for CSI reporting cross PUCCH group
maxCellAllowed                          INTEGER ::= 16      -- Maximum number of NR allow-listed cell ranges in SIB3, SIB4
maxEARFCN                               INTEGER ::= 262143  -- Maximum value of E-UTRA carrier frequency
maxEUTRA-CellExcluded                   INTEGER ::= 16      -- Maximum number of E-UTRA exclude-listed physical cell identity ranges
                                                            -- in SIB5
maxEUTRA-NS-Pmax                        INTEGER ::= 8       -- Maximum number of NS and P-Max values per band
maxFeatureCombPreamblesPerRACHResource-r17 INTEGER ::= 256  8    -- Maximum number of feature combination preambles.
maxLogMeasReport-r16                    INTEGER ::= 520     -- Maximum number of entries for logged measurements
maxMultiBands                           INTEGER ::= 8       -- Maximum number of additional frequency bands that a cell belongs to
maxNARFCN                               INTEGER ::= 3279165 -- Maximum value of NR carrier frequency

END OF CHANGE

