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 Introduction
In RAN2#121 WG meeting, in Feb., 2023, Athens, a TEI proposal was agreed to enable MBS broadcast reception for bandwidth limited UEs, without limiting the whole transmission bandwidth of the cell, by introducing separate a CFR. Details including the CR was proposed to be discussed in May WG meeting, that is, in a few days, by face to face.
In this contribution, we start our analysis by asking the very basic question that, is it possible we can still stick with our good intention when we planned to introduce MBS broadcast, one transmission for all (type of UEs); in case of the bandwidth limited UEs, can RedCap UEs and non-RedCap UEs share the same MTCH PDSCH resources? 

We explored also other issues exposed by contributions in RAN2#121bis-e meetings.

 Discussion

Before everything, firstly we discuss about the associated initial BWP for MBS broadcast reception.
 Which initial BWP to be associated with?
For Rel-17 broadcast, the whole thing is based on the initial BWP, e.g., case A/C/E are all about the relationship between the CFR and initial BWP.
In Rel-17, broadcast reception is associated with initial BWP configured in SIB1.

For RedCap UE, it might be configured a separate initial DL BWP in SIB1. Depending on network configuration (e.g., whether to offload the RACH resources), there are following sub-cases:

case 1. initialDownlinkBWP-RedCap not configured. This is possible, as initialDownlinkBWP-RedCap is only optionally configured. In this case, RedCap UEs use initialDownlinkBWP if it does not exceed the RedCap UE maximum bandwidth.
case 2. initialDownlinkBWP-RedCap configured, and 
(case 2-1) it covers the entire CORESET#0, or
(case 2-2) it does not contain the entire CORESET#0.
Therefore for RedCap UE, which initial BWP to be associated with for the MBS broadcast reception needs further discussion.
For RedCap UE, which initial BWP to be associated with needs to be discussed.
Table 1. DownlinkConfigCommonSIB field description from 38.331 h40
	initialDownlinkBWP

The initial downlink BWP configuration for a PCell. The network configures the locationAndBandwidth so that the initial downlink BWP contains the entire CORESET#0 of this serving cell in the frequency domain. The UE applies the locationAndBandwidth upon reception of this field (e.g. to determine the frequency position of signals described in relation to this locationAndBandwidth) but it keeps CORESET#0 until after reception of RRCSetup/RRCResume/RRCReestablishment.

	initialDownlinkBWP-RedCap

If present, RedCap UEs use this DL BWP instead of initialDownlinkBWP. If the locationAndBandwidth of this BWP contains the entire CORESET#0, the UE applies the locationAndBandwidth upon reception of this field (e.g. to determine the frequency position of signals described in relation to this locationAndBandwidth) but it keeps CORESET#0 until after reception of RRCSetup/RRCResume/RRCReestablishment. Otherwise, i.e., if the locationAndBandwidth of this BWP does not contain the entire CORESET#0, the UE uses this BWP for receiving DL messages during initial access (Msg2, MsgB, Msg4) and after initial access.
If absent, RedCap UEs use initialDownlinkBWP provided that it does not exceed the RedCap UE maximum bandwidth (see also clause 5.2.2.4.2).


For case 1, RedCap UEs use initialDownlinkBWP provided that it does not exceed the RedCap UE maximum bandwidth. One should be assuming that initialDownlinkBWP-RedCap is only optionally provided, or even not provided. Therefore, any configuration for RedCap UE to receive MBS broadcast may be better provided assuming initialDownlinkBWP-RedCap is absent. UE therefore applies initialDownlinkBWP to receive the MBS broadcast service, if possible

For case 2-1, UE keeps CORESET#0 to receive the downlink messages. That is, for both case 1 and case 2-1, UE keeps CORESET#0 and receives the downlink messages (e.g., SIBx, paging) based on CORESET#0.
For case 2-2, i.e., initialDownlinkBWP-RedCap not covering CORESET#0. The initialDownlinkBWP-RedCap IE is only configured for RedCap UE to receive DL messages during initial access and after initial access, if such BWP does not fully contain CORESET#0. UE switches back to initialDownlinkBWP to receive common message.
Considering for a RedCap UE in RRC_IDLE or RRC_INACTIVE that has no plan to establish RRC connection, and is interested to receive or receiving MBS broadcast services, there are two options on which initial BWP to apply (e.g., legacy initialDownlinkBWP or initialDownlinkBWP-RedCap, in both cases UE always keeps CORESET#0). 

Option 1. It always applies initialDownlinkBWP even initialDownlinkBWP-RedCap is configured, that is, UE needs to switch to initialDownlinkBWP-RedCap only if a RACH is needed.
Option 2. It applies initialDownlinkBWP-RedCap fully contains CORESET#0, if configured, otherwise, UE applies initialDownlinkBWP. 
Option 1 is more straightforward but eliminates the possibility that network applies separate PDCCH configuration for RedCap UEs in common signaling reception, and option 2 results in more complicated ASN.1 design, e.g., one has to consider both the cases initialDownlinkBWP-RedCap configured and not configured. Option 1 is slightly preferred.
A RedCap UE is associated with the legacy initial BWP to receive MBS broadcast.
Any configuration for RedCap UE to receive MBS broadcast is provided assuming initialDownlinkBWP-RedCap is absent.
Moreover, is it possible network can apply the same PDSCH resources for the same service, for both RedCap UE and non-RedCap UEs? This will be another issue we need to consider in next section.
 MTCH/MCCH PDSCH resources

We go with PDSCH resources first, then we consider the corresponding control resources later.
# same MTCH PDSCH applies
Let's start with the very basic question, same MTCH PDSCH or not. We say yes.
Assume in a network environment, there are various type of UEs, e.g., RedCap UEs and non-RedCap UEs. Ideally network uses single piece of MTCH PDSCH resources for all UE type. And it should be so:

A broadcast service is intended for all, regardless of UE type. From application layer perspective, a service should be able to target different types of UEs, e.g., voice services to both handhold or wearable devices. 

A RedCap UE is also capable, for most broadcast services, i.e., 20 MHz/single RX should be capable for at least some of the voice and even video streaming services.
Last but not least, if network applies a resource for RedCap UEs in limited frequency range, e.g., in 20 MHz frequency range, there is no reason to disallow a more capable UE (i.e., non-RedCap UE) to receive on that resources already allocated for RedCap UE.
It is reasonable for network applying the same MTCH PDSCH resources for all UE type. 
# CFR of MCCH
The next question is what kind of enhancement is needed to enable above scenarios. One of the most outstanding issue shall be the backward compatibility, that is, a Rel-17 UE shall be able to receive the MTCH PDSCH resources as well in a Rel-18 network that is enhanced for RedCap UE broadcast reception.

In RAN2#121, to better support Redcap UEs on MBS broadcast reception, RAN2 agreed to introduce a separate CFR.
	Introduce a separate CFR which can be used when the configured bandwidth for the default CFR in SIB20 exceeds the bandwidth capability of bandwidth limited UEs. This is intended to not have impact on RAN1 or RAN4, and intended to support redcap UEs. 
CR postponed


Details including CFR design on MCCH/MTCH, however, need further discussion. For legacy UE, there should not be any maximum bandwidth limitation on CFR, this is why TEI18 for RedCap UE MBS broadcast reception was introduced in the first place. Meanwhile, a RedCap UE can only monitor the MCCH/MTCH transmission within a limited bandwidth, e.g., no larger than 20 MHz.

At least a separate MCCH CFR will be introduced.

To make it possible that network can schedule the same MTCH PDSCH resources for different types of UEs, the PTM config in MCCH for each UE shall be the same.

PTM configuration in MCCH for each UE needs to be the same, if network intends to schedule the same MTCH PDSCH resources for all UEs.
One simple solution is to rely on network to schedule the same MCCH PDSCH for different types of UE. That is, non-RedCap UE (including Rel-17 UEs and Rel-18 non-RedCap UE) and Rel-18 RedCap UE sees the same MCCH PDSCH, if possible. 

As analyzed in [1], it is possible for network to schedule the same PDSCH even if the search space and CORESET are differently configured, i.e., separate DCI. However, from network perspective, there might be some limitations, as it depends on the K value allocated for each CFR and granularity of the frequency resources. 

Meanwhile, the search space for MCCH for RedCap UE and legacy MCCH search space may be different, if we assume legacy MCCH search space and CORESET is something not limited (which is aligned to MTCH CFR) while bandwidth limitation applies to RedCap UEs. A non-overlapping search space is also beneficial to avoid any PDCCH reception error as mentioned in [1].
Search space for MCCH for RedCap UE and legacy MCCH search space may be differently configured.
Network may or may not be able to schedule the same MCCH PDSCH resources, with different DCI for non-RedCap UE (including Rel-17 UEs and Rel-18 non-RedCap UE) and Rel-18 RedCap UE.
A unified MCCH is also for helpful RAN internal context management, and a relief for RAN3 colleagues. It is also beneficial for every UE to monitor only one MCCH.

Even if network is not able to do so, it is still feasible and beneficial for network to ensure the one single PTM configuration applied for one specific service.
# CFR of MTCH
As long as the same PTM configuration for non-RedCap UE (including Rel-17/18 non-RedCap UE) and Rel-18 RedCap UE applies, it is possible to have the same PDSCH for MTCH, same as above analysis, depending on network implementation:
Please note that it is not mandatory to ask network to always schedule the same MTCH PDSCH for each service, but a mechanism is defined to enable network to do so. That is, the same PTM config applies for each service. Even if network is not able to schedule the same MTCH PDSCH for each service, e.g., duplicated resources for each type of UE, it is fine.
Based on above, we suggest:
Network ensures the same PTM configuration in MCCH for each MBS broadcast service.
Separate CFR, search space and CORESET for MCCH for bandwidth limited UEs in Rel-18 are to be defined.

Separate search space and CORESET for MTCH for bandwidth limited UEs in Rel-18 are to be defined.

What about CFR for MTCH? We think it is questionable to define one single CFR for all possible bandwidth limited UEs. Possibly not needed and better no. 

One size for all does not help here if we take future proof into account for the design in Rel-18.
Assume for one RedCap UE with bandwidth limitation of 20 MHz, meanwhile there is another type of UE with even lower bandwidth, say, 10 or 5 MHz (i.e., we never know what kind of new type UEs are to be defined in the future). Do we need to repeat the same story we had in Rel-17, to limit all transmission based on the UEs of lowest bandwidth, for all other services and all other UEs in this cell? This may also "lead to not being able to meet the QoS requirements of the service simply due to lack of BW" [2].
The answer is obviously no. An easy fix in TEI18 is to have separate location and bandwidth for each service, which can be easily realized in current MCCH message design.
Separate location and bandwidth for each MTCH is to be defined in Rel-18.

RAN2 to agree the draft CR to TS 38.331 in section 5.

# relationship among CFRs

One may worry the complexity for one UE to monitor more than one CFR. To ease such worry, we suggest that:

MTCH location and bandwidth shall fully contain MCCH CFR for bandwidth limited UEs.

 OAM or standardized solution on gNB's awareness
There are concerns shown in RAN2#121bis-e meeting, on how gNB can be aware of the receiving UE type [2]. We agree that this may need SA2's help, and SA2 was asking the the exact question[3]. If we are to support this TEI18 proposal, we may need to notify SA2. Meanwhile, such bandwidth limitation parameter may need clarification from RAN1 too. 

One alternative is OAM based solution, without NGAP support. This however needs RAN2 discussion.
RAN2 to discussion whether to support OAM based solution, i.e., no 5GC indication needed.
LS to SA2 on which an indication is needed on NGAP to notify gNB about the limited UE capability, if a standardized solution is needed.
LS to RAN1 on which parameter, e.g., other than bandwidth as part of UE capability, shall be provided from 5GC, if a standardized solution is needed.

 Conclusion
A RedCap UE is associated with the legacy initial BWP to receive MBS broadcast.
Any configuration for RedCap UE to receive MBS broadcast is provided assuming initialDownlinkBWP-RedCap is absent.
Network ensures the same PTM configuration in MCCH for each MBS broadcast service.
Separate CFR, search space and CORESET for MCCH for bandwidth limited UEs in Rel-18 are to be defined.

Separate search space and CORESET for MTCH for bandwidth limited UEs in Rel-18 are to be defined.

Separate location and bandwidth for each MTCH is to be defined in Rel-18.

RAN2 to agree the draft CR to TS 38.331 in section 5.

MTCH location and bandwidth shall fully contain MCCH CFR for bandwidth limited UEs.

RAN2 to discussion whether to support OAM based solution, i.e., no 5GC indication needed.
LS to SA2 on which an indication is needed on NGAP to notify gNB about the limited UE capability, if a standardized solution is needed.
LS to RAN1 on which parameter, e.g., other than bandwidth as part of UE capability, shall be provided from 5GC, if a standardized solution is needed.
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6.3.1
System information blocks

–
SIB20
SIB20 contains the information required to acquire the MCCH/MTCH configuration for MBS broadcast.

SIB20 information element

-- ASN1START

-- TAG-SIB20-START

SIB20-r17 ::=
SEQUENCE {

    mcch-Config-r17                MCCH-Config-r17,

    cfr-ConfigMCCH-MTCH-r17        CFR-ConfigMCCH-MTCH-r17 OPTIONAL,  -- Need S

    lateNonCriticalExtension       OCTET STRING            OPTIONAL,

    ...,

    [[

    cfr-ConfigMCCH-BWLimited-r17 CFR-ConfigMCCH-MTCH-r17 OPTIONAL,  -- Need S

    ]]
}

MCCH-Config-r17 ::= SEQUENCE {

    mcch-RepetitionPeriodAndOffset-r17   MCCH-RepetitionPeriodAndOffset-r17,

    mcch-WindowStartSlot-r17             INTEGER (0..79),

    mcch-WindowDuration-r17              ENUMERATED {sl2, sl4, sl8, sl10, sl20, sl40,sl80, sl160}     OPTIONAL, -- Need S

    mcch-ModificationPeriod-r17          ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256,

                                         rf512, rf1024, r2048, rf4096, rf8192, rf16384, rf32768, rf65536}

}

MCCH-RepetitionPeriodAndOffset-r17 ::= CHOICE {

    rf1-r17                                INTEGER(0),

    rf2-r17                                INTEGER(0..1),

    rf4-r17                                INTEGER(0..3),

    rf8-r17                                INTEGER(0..7),

    rf16-r17                               INTEGER(0..15),

    rf32-r17                               INTEGER(0..31),

    rf64-r17                               INTEGER(0..63),

    rf128-r17                              INTEGER(0..127),

    rf256-r17                              INTEGER(0..255)

}

-- TAG-SIB20-STOP

-- ASN1STOP

	SIB20 field descriptions

	cfr-ConfigMCCH-MTCH

Common frequency resource used for MCCH and MTCH reception. If the field is absent, the CFR for broadcast has the same location and size as CORESET#0 and PDSCH configuration of MCCH is the same as PDSCH configuration provided in initialDownlinkBWP in SIB1.

	cfr-ConfigMCCH-BWLimited
Common frequency resource used for MCCH reception for bandwidth limited UEs. If the field is absent, the bandwidth limited UE can use cfr-ConfigMCCH-MTCH if the UE supports the configured bandwidth.

	mcch-WindowDuration
Indicates, starting from the slot indicated by mcch-WindowStartSlot, the duration in slots during which MCCH may be scheduled. Absence of this field means that MCCH is only scheduled in the slot indicated by mcch-WindowStartSlot. The network always configures mcch-WindowDuration to be shorter or equal to the length of MCCH repetition period.

	mcch-ModificationPeriod
Defines periodically appearing boundaries, i.e. radio frames for which SFN mod mcch-ModificationPeriod = 0. The contents of different transmissions of MCCH information can only be different if there is at least one such boundary in-between them. Value rf2 corresponds to two radio frames, value rf4 corresponds to four radio frames and so on.

	mcch-RepetitionPeriodAndOffset

Defines the length and the offset of the MCCH repetition period. rf1 corresponds to a repetition period length of one radio frame, rf2 corresponds to a repetition period length of two radio frames and so on. The corresponding integer value indicates the offset of the repetition period in the number of radio frames. MCCH is scheduled in the MCCH transmission window starting from each radio frame for which: SFN mod repetition period length = offset of the repetition period.

	mcch-WindowStartSlot

Indicates the slot in which MCCH transmission window starts.


<<<<<<<<<<<<<<<<<<<< Skip unchanged part >>>>>>>>>>>>>>>>>>>>

6.3.2
Radio resource control information elements

–
DownlinkConfigCommonSIB
The IE DownlinkConfigCommonSIB provides common downlink parameters of a cell.

DownlinkConfigCommonSIB information element

-- ASN1START

-- TAG-DOWNLINKCONFIGCOMMONSIB-START

DownlinkConfigCommonSIB ::=     SEQUENCE {

    frequencyInfoDL                 FrequencyInfoDL-SIB,

    initialDownlinkBWP              BWP-DownlinkCommon,

    bcch-Config                     BCCH-Config,

    pcch-Config                     PCCH-Config,

    ...,

    [[

    pei-Config-r17                  PEI-Config-r17                         OPTIONAL,     -- Need R

    initialDownlinkBWP-RedCap-r17   BWP-DownlinkCommon                     OPTIONAL      -- Need R

    ]]

}

BCCH-Config ::=                 SEQUENCE {

    modificationPeriodCoeff         ENUMERATED {n2, n4, n8, n16},

    ...

}

PCCH-Config ::=             SEQUENCE {

    defaultPagingCycle                  PagingCycle,

    nAndPagingFrameOffset               CHOICE {

        oneT                                NULL,

        halfT                               INTEGER (0..1),

        quarterT                            INTEGER (0..3),

        oneEighthT                          INTEGER (0..7),

        oneSixteenthT                       INTEGER (0..15)

    },

    ns                                  ENUMERATED {four, two, one},

    firstPDCCH-MonitoringOccasionOfPO   CHOICE {

        sCS15KHZoneT                                                                SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..139),

        sCS30KHZoneT-SCS15KHZhalfT                                                  SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..279),

        sCS60KHZoneT-SCS30KHZhalfT-SCS15KHZquarterT                                 SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..559),

        sCS120KHZoneT-SCS60KHZhalfT-SCS30KHZquarterT-SCS15KHZoneEighthT             SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..1119),

        sCS120KHZhalfT-SCS60KHZquarterT-SCS30KHZoneEighthT-SCS15KHZoneSixteenthT    SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..2239),

        sCS480KHZoneT-SCS120KHZquarterT-SCS60KHZoneEighthT-SCS30KHZoneSixteenthT    SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..4479),

        sCS480KHZhalfT-SCS120KHZoneEighthT-SCS60KHZoneSixteenthT                    SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..8959),

        sCS480KHZquarterT-SCS120KHZoneSixteenthT                                    SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..17919)

    }      OPTIONAL,           -- Need R

    ...,

    [[

    nrofPDCCH-MonitoringOccasionPerSSB-InPO-r16        INTEGER (2..4)               OPTIONAL  -- Cond SharedSpectrum2

    ]],

    [[

    ranPagingInIdlePO-r17                              ENUMERATED {true}            OPTIONAL,  -- Need R

    firstPDCCH-MonitoringOccasionOfPO-v1710  CHOICE {

       sCS480KHZoneEighthT        SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..35839),

       sCS480KHZoneSixteenthT     SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..71679)

}                                                                                  OPTIONAL  -- Need R

    ]]

}

PEI-Config-r17 ::=                        SEQUENCE {

    po-NumPerPEI-r17                          ENUMERATED {po1, po2, po4, po8},

    payloadSizeDCI-2-7-r17                    INTEGER (1..maxDCI-2-7-Size-r17),

    pei-FrameOffset-r17                       INTEGER (0..16),

    subgroupConfig-r17                        SubgroupConfig-r17,

    lastUsedCellOnly-r17                      ENUMERATED {true}                                                OPTIONAL,  -- Need R

    ...

}

SubgroupConfig-r17 ::=     SEQUENCE {

    subgroupsNumPerPO-r17      INTEGER (1.. maxNrofPagingSubgroups-r17),

    subgroupsNumForUEID-r17    INTEGER (1.. maxNrofPagingSubgroups-r17)                                        OPTIONAL,  -- Need S

    ...

}

-- TAG-DOWNLINKCONFIGCOMMONSIB-STOP

-- ASN1STOP

	DownlinkConfigCommonSIB field descriptions

	bcch-Config

The modification period related configuration.

	frequencyInfoDL-SIB

Basic parameters of a downlink carrier and transmission thereon.

	initialDownlinkBWP

The initial downlink BWP configuration for a PCell. The network configures the locationAndBandwidth so that the initial downlink BWP contains the entire CORESET#0 of this serving cell in the frequency domain. The UE applies the locationAndBandwidth upon reception of this field (e.g. to determine the frequency position of signals described in relation to this locationAndBandwidth) but it keeps CORESET#0 until after reception of RRCSetup/RRCResume/RRCReestablishment.

	initialDownlinkBWP-RedCap

If present, RedCap UEs use this DL BWP instead of initialDownlinkBWP. If the locationAndBandwidth of this BWP contains the entire CORESET#0, the UE applies the locationAndBandwidth upon reception of this field (e.g. to determine the frequency position of signals described in relation to this locationAndBandwidth) but it keeps CORESET#0 until after reception of RRCSetup/RRCResume/RRCReestablishment. Otherwise, i.e., if the locationAndBandwidth of this BWP does not contain the entire CORESET#0, the UE uses this BWP for receiving DL messages during initial access (Msg2, MsgB, Msg4) and after initial access.

If absent, RedCap UEs use initialDownlinkBWP provided that it does not exceed the RedCap UE maximum bandwidth (see also clause 5.2.2.4.2). For one RedCap UE that is interested in MBS broadcast service reception, it applies locationAndBandwidth in initialDownlinkBWP to receive the MBS broadcast service.

	lastUsedCellOnly

When present, the field indicates that the UE monitors PEI only if the latest received RRCRelease without noLastCellUpdate is from this cell. A PEI-capable UE stores its last used cell information.

	nrofPDCCH-MonitoringOccasionPerSSB-InPO

The number of PDCCH monitoring occasions corresponding to an SSB within a Paging Occasion, see TS 38.304 [20], clause 7.1.

	pcch-Config

The paging related configuration.

	pei-Config

The PEI related configuration.

	subgroupConfig

The paging subgroup related configuration.


<<<<<<<<<<<<<<<<<<<< Skip unchanged part >>>>>>>>>>>>>>>>>>>>

–
PDCCH-ConfigCommon
The IE PDCCH-ConfigCommon is used to configure cell specific PDCCH parameters provided in SIB as well as in dedicated signalling.

PDCCH-ConfigCommon information element

-- ASN1START

-- TAG-PDCCH-CONFIGCOMMON-START

PDCCH-ConfigCommon ::=              SEQUENCE {

    controlResourceSetZero              ControlResourceSetZero                                  OPTIONAL,   -- Cond InitialBWP-Only

    commonControlResourceSet            ControlResourceSet                                      OPTIONAL,   -- Need R

    searchSpaceZero                     SearchSpaceZero                                         OPTIONAL,   -- Cond InitialBWP-Only

    commonSearchSpaceList               SEQUENCE (SIZE(1..4)) OF SearchSpace                    OPTIONAL,   -- Need R

    searchSpaceSIB1                     SearchSpaceId                                           OPTIONAL,   -- Need S

    searchSpaceOtherSystemInformation   SearchSpaceId                                           OPTIONAL,   -- Need S

    pagingSearchSpace                   SearchSpaceId                                           OPTIONAL,   -- Need S

    ra-SearchSpace                      SearchSpaceId                                           OPTIONAL,   -- Need S

    ...,

    [[

    firstPDCCH-MonitoringOccasionOfPO   CHOICE {

        sCS15KHZoneT                                                             SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..139),

        sCS30KHZoneT-SCS15KHZhalfT                                               SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..279),

        sCS60KHZoneT-SCS30KHZhalfT-SCS15KHZquarterT                              SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..559),

        sCS120KHZoneT-SCS60KHZhalfT-SCS30KHZquarterT-SCS15KHZoneEighthT          SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..1119),

        sCS120KHZhalfT-SCS60KHZquarterT-SCS30KHZoneEighthT-SCS15KHZoneSixteenthT SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..2239),

        sCS120KHZquarterT-SCS60KHZoneEighthT-SCS30KHZoneSixteenthT               SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..4479),

        sCS120KHZoneEighthT-SCS60KHZoneSixteenthT                                SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..8959),

        sCS120KHZoneSixteenthT                                                   SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..17919)

    }                                                                                           OPTIONAL    -- Cond OtherBWP

    ]],

    [[

    commonSearchSpaceListExt-r16                                             SEQUENCE (SIZE(1..4)) OF SearchSpaceExt-r16     OPTIONAL  -- Need R

    ]],

    [[

    sdt-SearchSpace-r17                 CHOICE {

        newSearchSpace                      SearchSpace,

        existingSearchSpace                 SearchSpaceId

    }                                                                                           OPTIONAL,   -- Need R

    searchSpaceMCCH-r17                 SearchSpaceId                                           OPTIONAL,   -- Need R

    searchSpaceMTCH-r17                 SearchSpaceId                                           OPTIONAL,   -- Need S

    commonSearchSpaceListExt2-r17       SEQUENCE (SIZE(1..4)) OF SearchSpaceExt-v1700           OPTIONAL,   -- Need R

    firstPDCCH-MonitoringOccasionOfPO-v1710 CHOICE {

       sCS480KHZoneEighthT                      SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..35839),

       sCS480KHZoneSixteenthT                   SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..71679)

    }                                                                                           OPTIONAL,   -- Need R

    pei-ConfigBWP-r17      SEQUENCE {

        pei-SearchSpace-r17                 SearchSpaceId,

        firstPDCCH-MonitoringOccasionOfPEI-O-r17  CHOICE {

            sCS15KHZoneT                                                     SEQUENCE (SIZE (1..maxPEI-perPF-r17)) OF INTEGER (0..139),

            sCS30KHZoneT-SCS15KHZhalfT                                       SEQUENCE (SIZE (1..maxPEI-perPF-r17)) OF INTEGER (0..279),

            sCS60KHZoneT-SCS30KHZhalfT-SCS15KHZquarterT                      SEQUENCE (SIZE (1..maxPEI-perPF-r17)) OF INTEGER (0..559),

            sCS120KHZoneT-SCS60KHZhalfT-SCS30KHZquarterT-SCS15KHZoneEighthT  SEQUENCE (SIZE (1..maxPEI-perPF-r17)) OF INTEGER (0..1119),

            sCS120KHZhalfT-SCS60KHZquarterT-SCS30KHZoneEighthT-SCS15KHZoneSixteenthT SEQUENCE (SIZE (1..maxPEI-perPF-r17)) OF INTEGER (0..2239),

            sCS480KHZoneT-SCS120KHZquarterT-SCS60KHZoneEighthT-SCS30KHZoneSixteenthT SEQUENCE (SIZE (1..maxPEI-perPF-r17)) OF INTEGER (0..4479),

            sCS480KHZhalfT-SCS120KHZoneEighthT-SCS60KHZoneSixteenthT         SEQUENCE (SIZE (1..maxPEI-perPF-r17)) OF INTEGER (0..8959),

            sCS480KHZquarterT-SCS120KHZoneSixteenthT                         SEQUENCE (SIZE (1..maxPEI-perPF-r17)) OF INTEGER (0..17919),

            sCS480KHZoneEighthT                                           SEQUENCE (SIZE (1..maxPEI-perPF-r17)) OF INTEGER (0..35839),

            sCS480KHZoneSixteenthT                                        SEQUENCE (SIZE (1..maxPEI-perPF-r17)) OF INTEGER (0..71679)

        }

    }                                                                                           OPTIONAL     -- Cond InitialBWP-Paging

    ]],

    [[

    followUnifiedTCI-State-v1720           ENUMERATED {enabled}                                  OPTIONAL     -- Need R

]],

[[

searchSpaceMCCH-BWLimited-r17                 SearchSpaceId                                           OPTIONAL,   -- Need R

searchSpaceMTCH-BWLimited-r17                 SearchSpaceId                                           OPTIONAL,   -- Need S

]]
}

-- TAG-PDCCH-CONFIGCOMMON-STOP

-- ASN1STOP

	PDCCH-ConfigCommon field descriptions

	commonControlResourceSet
An additional common control resource set which may be configured and used for any common or UE-specific search space. If the network configures this field, it uses a ControlResourceSetId other than 0 for this ControlResourceSet. The network configures the commonControlResourceSet in SIB1 so that it is contained in the bandwidth of CORESET#0. If the RedCap-specific initial downlink BWP does not contain the entire CORESET#0, the network configures the commonControlResourceSet in the RedCap-specific initial downlink BWP in SIB1 for RedCap such that it does not have to be contained in the bandwidth of CORESET#0.

	commonSearchSpaceList, commonSearchSpaceListExt, commonSearchSpaceListExt2
A list of additional common search spaces. If the network configures this field, it uses the SearchSpaceIds other than 0. If the field is included, it replaces any previous list, i.e. all the entries of the list are replaced and each of the SearchSpace entries is considered to be newly created and the conditions and Need codes for setup of the entry apply. If the network includes commonSearchSpaceListExt/commonSearchSpaceListExt2, it includes the same number of entries, and listed in the same order, as in commonSearchSpaceList.

	controlResourceSetZero
Parameters of the common CORESET#0 which can be used in any common or UE-specific search spaces. The values are interpreted like the corresponding bits in MIB pdcch-ConfigSIB1. Even though this field is only configured in the initial BWP (BWP#0) controlResourceSetZero can be used in search spaces configured in other DL BWP(s) than the initial DL BWP if the conditions defined in TS 38.213 [13], clause 10 are satisfied.

	firstPDCCH-MonitoringOccasionOfPEI-O
Offset, in number of symbols, from the start of the reference frame for PEI-O to the start of the first PDCCH monitoring occasion of PEI-O on this BWP, see TS 38.213 [13], clause 10.4A. For the case po-NumPerPEI is smaller than Ns, UE applies the (floor(i_s/po-NumPerPEI)+1)-th value out of (N_s/po-NumPerPEI) configured values in firstPDCCH-MonitoringOccasionOfPEI-O for the symbol-level offset. When po-NumPerPEI is one or multiple of Ns, UE applies the first configured value in firstPDCCH-MonitoringOccasionOfPEI-O for the symbol-level offset.

	firstPDCCH-MonitoringOccasionOfPO

Indicates the first PDCCH monitoring occasion of each PO of the PF on this BWP, see TS 38.304 [20]. The field sCS120KHZquarterT-SCS60KHZoneEighthT-SCS30KHZoneSixteenthT, sCS120KHZoneEighthT-SCS60KHZoneSixteenthT and sCS120KHZoneSixteenthT can be applied for SCS 480kHz, corresponding to sCS480KHZoneT-SCS120KHZquarterT-SCS60KHZoneEighthT-SCS30KHZoneSixteenthT, sCS480KHZhalfT-SCS120KHZoneEighthT-SCS60KHZoneSixteenthT and sCS480KHZquarterT-SCS120KHZoneSixteenthT in IE DownlinkConfigCommonSIB respectively.

	followUnifiedTCI-State

When set to enabled, for PDCCH reception in CORESET #0, the UE applies the "indicated" DL only TCI or joint TCI as specified in TS 38.214 [19], clause 5.1.5.

	pagingSearchSpace
ID of the search space for paging (see TS 38.213 [13], clause 10.1). If the field is absent, the UE does not receive paging in this BWP (see TS 38.213 [13], clause 10). This field is absent for the RedCap-specific initial downlink BWP, if it does not include CD-SSB and the entire CORESET#0. In that case, a RedCap UE in RRC_IDLE or RRC_INACTIVE while SDT procedure is not ongoing, shall monitor paging in the initial DL BWP that includes CORESET#0.

	pei-ConfigBWP
Provides the configuration for PEI reception in this BWP. If the field is absent, the UE does not receive PEI in this BWP.

	pei-SearchSpace
ID of dedicated search space for PEI. It can be configured to one of up to 4 common SS sets configured by commonSearchSpaceList with SearchSpaceId > 0. The CCE aggregation levels and maximum number of PDCCH candidates per CCE aggregation level follows Table 10.1-1 of TS38.213 [13]. SearchSpaceId = 0 can be configured for the case of SS/PBCH block and CORESET multiplexing pattern 2 or 3.

	ra-SearchSpace
ID of the Search space for random access procedure (see TS 38.213 [13], clause 10.1). If the field is absent, the UE does not receive RAR in this BWP. This field is mandatory present in the DL BWP(s) if the conditions described in TS 38.321 [3], clause 5.15 are met.

	sdt-SearchSpace

Common search space for CG-SDT and RA-SDT (see TS 38.213 [13]). If an existingSearchSpace is used, the network only signals the search space ID of the ra-SearchSpace.

	searchSpaceMCCH
ID of the search space for MCCH. If the field is absent, the UE does not receive MCCH in this BWP (see TS 38.213 [13], clause 10). This field is absent for the RedCap-specific initial downlink BWP, if it does not include CD-SSB and the entire CORESET#0.

	searchSpaceMTCH
ID of the search space for MTCH of MBS broadcast. If the field is absent, the UE applies searchSpaceMCCH also for MTCH, (see TS 38.213 [13], clause 10). This field is absent for the RedCap-specific initial downlink BWP, if it does not include CD-SSB and the entire CORESET#0.

	searchSpaceMCCH-BWLimited
ID of the search space for MCCH. A bandwidth limited UE follows this search space to receive the MCCH. If the field is absent, the bandwidth limited UE can use searchSpaceMCCH if configured, if the UE supports the configured bandwidth.

	searchSpaceMTCH-BWLimited
ID of the search space for MTCH of MBS broadcast. If the field is absent, the UE applies searchSpaceMCCH-BWLimited also for MTCH (see TS 38.213 [13], clause 10).

	searchSpaceOtherSystemInformation
ID of the Search space for other system information, i.e., SIB2 and beyond (see TS 38.213 [13], clause 10.1). If the field is absent, the UE does not receive other system information in this BWP. This field is absent for the RedCap-specific initial DL BWP, if it does not include CD-SSB and the entire CORESET#0. In that case, a RedCap UE in RRC_IDLE or RRC_INACTIVE shall monitor PDCCH to receive other system information using searchSpaceOtherSystemInformation in the initial DL BWP that includes CD-SSB and the entire CORESET#0.

	searchSpaceSIB1
ID of the search space for SIB1 message. In the initial DL BWP of the UE′s PCell, the network sets this field to 0. If the field is absent, the UE does not receive SIB1 in this BWP. (see TS 38.213 [13], clause 10). This field is absent for the RedCap-specific initial DL BWP, if it does not include CD-SSB and the entire CORESET#0. In that case, a RedCap UE in RRC_IDLE or RRC_INACTIVE shall monitor PDCCH to receive SIB1 using searchSpaceSIB1 in the initial DL BWP that includes CD-SSB and the entire CORESET#0.

	searchSpaceZero
Parameters of the common SearchSpace#0. The values are interpreted like the corresponding bits in MIB pdcch-ConfigSIB1. Even though this field is only configured in the initial BWP (BWP#0), searchSpaceZero can be used in search spaces configured in other DL BWP(s) than the initial DL BWP if the conditions described in TS 38.213 [13], clause 10, are satisfied.


	Conditional Presence
	Explanation

	InitialBWP-Only
	If SIB1 is broadcast the field is mandatory present in the PDCCH-ConfigCommon of the initial BWP (BWP#0) in ServingCellConfigCommon except it is the RedCap-specific initial BWP not including CD-SSB and the entire CORESET#0; it is absent in other BWPs and when sent in system information. If SIB1 is not broadcast and there is an SSB associated to the cell, the field is optionally present, Need M, in the PDCCH-ConfigCommon of the initial BWP (BWP#0) in ServingCellConfigCommon (still with the same setting for all UEs). In other cases, the field is absent.

	OtherBWP
	This field is optionally present, Need R, if this BWP is not the initialDownlinkBWP and pagingSearchSpace is configured in this BWP. Otherwise this field is absent.

	InitialBWP-Paging
	This field is optionally present, Need R, if this BWP is the initialDownlinkBWP or initialDownlinkBWP-RedCap including CD-SSB and the entire CORESET#0, and pei-Config is configured in DownlinkConfigCommonSIB. Otherwise, this field is absent.


<<<<<<<<<<<<<<<<<<<< Skip unchanged part >>>>>>>>>>>>>>>>>>>>

6.3.6
MBS information elements

–
CFR-ConfigMCCH-MTCH
The IE CFR-ConfigMCCH-MTCH is used to configure the common frequency resource used for MCCH and MTCH reception.

CFR-ConfigMCCH-MTCH information element
-- ASN1START

-- TAG-CFR-CONFIGMCCH-MTCH-START

CFR-ConfigMCCH-MTCH-r17 ::= SEQUENCE {

    locationAndBandwidthBroadcast-r17          LocationAndBandwidthBroadcast-r17  OPTIONAL,  -- Need S

    pdsch-ConfigMCCH-r17                       PDSCH-ConfigBroadcast-r17          OPTIONAL,  -- Need S

    commonControlResourceSetExt-r17            ControlResourceSet                 OPTIONAL   -- Cond NotSIB1CommonControlResource

}

LocationAndBandwidthBroadcast-r17 ::= CHOICE {

    sameAsSib1ConfiguredLocationAndBW          NULL,

    locationAndBandwidth                       INTEGER (0..37949)

}

-- TAG-CFR-CONFIGMCCH-MTCH-STOP

-- ASN1STOP

	CFR-ConfigMCCH-MTCH field descriptions

	commonControlResourceSetExt
An additional common control resource set which may be configured and used for searchSpaceMCCH/searchSpaceMTCH, searchSpaceMCCH-BWLimited/searchSpaceMTCH-BWLimited or UE-specific search space in the BWP where searchSpaceMCCH is configured. It is contained in the bandwidth of the CFR for broadcast.

	locationAndBandwidthBroadcast
Indicates starting PRB and the number of PRBs of CFR used for MCCH and MTCH reception.

Value sameAsSib1ConfiguredLocationAndBW means the CFR for broadcast has the same location and size as the locationAndBandwidth for initial BWP configured in SIB1.

Value locationAndBandwidth is used to configure CFR with bandwidth that is larger than and fully contains the bandwidth for the initial DL BWP and CORESET#0 configured in SIB1.

If the field is absent, the CFR for broadcast has the same location and size as CORESET#0.

	pdsch-ConfigMCCH

Indicates PDSCH parameters used for MCCH transmission. If the field is absent, PDSCH parameters used for MCCH are the same as those of PDSCH configuration provided in initialDownlinkBWP in SIB1.


	Conditional Presence
	Explanation

	NotSIB1CommonControlResource
	The field is optional present in case commonControlResourceSet is not configured in SIB1, Need R, otherwise it is absent.


<<<<<<<<<<<<<<<<<<<< Skip unchanged part >>>>>>>>>>>>>>>>>>>>

–
MBS-SessionInfoList
The IE MBS-SessionInfoList provides the list of ongoing MBS broadcast sessions transmitted via broadcast MRB and, for each MBS broadcast session, the associated G-RNTI and scheduling information.

MBS-SessionInfoList information element
-- ASN1START

-- TAG-MBS-SESSIONINFOLIST-START

MBS-SessionInfoList-r17 ::=      SEQUENCE (SIZE (1..maxNrofMBS-Session-r17)) OF MBS-SessionInfo-r17

MBS-SessionInfo-r17 ::=          SEQUENCE {

    mbs-SessionId-r17                TMGI-r17,

    g-RNTI-r17                       RNTI-Value,

    mrb-ListBroadcast-r17            MRB-ListBroadcast-r17,

    mtch-SchedulingInfo-r17          DRX-ConfigPTM-Index-r17                      OPTIONAL, -- Need S

    mtch-NeighbourCell-r17           BIT STRING (SIZE(maxNeighCellMBS-r17))       OPTIONAL, -- Need S

    pdsch-ConfigIndex-r17            PDSCH-ConfigIndex-r17                        OPTIONAL, -- Need S

mtch-SSB-MappingWindowIndex-r17  MTCH-SSB-MappingWindowIndex-r17              OPTIONAL  -- Cond MTCH-Mapping
...,

[[

locationAndBandwidthBroadcast-BWLimited-r17          LocationAndBandwidthBroadcast-r17  OPTIONAL,  -- Need S
]]
}

DRX-ConfigPTM-Index-r17 ::=          INTEGER (0..maxNrofDRX-ConfigPTM-1-r17)

PDSCH-ConfigIndex-r17  ::=           INTEGER (0..maxNrofPDSCH-ConfigPTM-1-r17)

MTCH-SSB-MappingWindowIndex-r17  ::= INTEGER (0..maxNrofMTCH-SSB-MappingWindow-1-r17)

MRB-ListBroadcast-r17 ::=            SEQUENCE (SIZE (1..maxNrofMRB-Broadcast-r17)) OF MRB-InfoBroadcast-r17

MRB-InfoBroadcast-r17 ::=            SEQUENCE {

    pdcp-Config-r17                      MRB-PDCP-ConfigBroadcast-r17,

    rlc-Config-r17                       MRB-RLC-ConfigBroadcast-r17,

    ...

}

MRB-PDCP-ConfigBroadcast-r17 ::=     SEQUENCE {

    pdcp-SN-SizeDL-r17                   ENUMERATED {len12bits}                   OPTIONAL, -- Need S

    headerCompression-r17                CHOICE {

        notUsed                              NULL,

        rohc                                 SEQUENCE {

            maxCID-r17                           INTEGER (1..16)               DEFAULT 15,

            profiles-r17                         SEQUENCE {

                profile0x0000-r17                    BOOLEAN,

                profile0x0001-r17                    BOOLEAN,

                profile0x0002-r17                    BOOLEAN
           }

        }

    },

    t-Reordering-r17                     ENUMERATED {ms1, ms10, ms40, ms160, ms500, ms1000, ms1250, ms2750}    OPTIONAL -- Need S

}

MRB-RLC-ConfigBroadcast-r17 ::=      SEQUENCE {

    logicalChannelIdentity-r17           LogicalChannelIdentity,

    sn-FieldLength-r17                   ENUMERATED {size6}                       OPTIONAL, -- Need S

    t-Reassembly-r17                     T-Reassembly                             OPTIONAL  -- Need S

}

-- TAG-MBS-SESSIONINFOLIST-STOP

-- ASN1STOP

	MBS-SessionInfoList field descriptions

	g-RNTI

G-RNTI used to scramble the scheduling and transmission of MTCH.

	locationAndBandwidthBroadcast-BWLimited
Indicates starting PRB and the number of PRBs of CFR used for MTCH reception.

Value sameAsSib1ConfiguredLocationAndBW means the CFR for broadcast has the same location and size as the locationAndBandwidth for initial BWP configured in SIB1.

Value locationAndBandwidth is used to configure CFR with bandwidth that is larger than and fully contains the bandwidth for the initial DL BWP and CORESET#0 configured in SIB1.

If the field is absent, the CFR for broadcast has the same location and size as CORESET#0.

	headerCompression

If rohc is configured, the UE shall apply the configured ROHC profile(s) in downlink.

	mbs-SessionId

Indicates an identifier of the MBS session provided by the MTCH.

	mrb-listBroadcast
A list of broadcast MRBs to which the associated broadcast MBS session is mapped to.

	mtch-neighbourCell
Indicates neighbour cells which provide this service on MTCH. The first bit is set to 1 if the service is provided on MTCH in the first cell in mbs-NeighbourCellList, otherwise it is set to 0. The second bit is set to 1 if the service is provided on MTCH in the second cell in mbs-NeighbourCellList, and so on. If the service is not available in any neighbouring cell and mbs-NeighbourCellList is signalled, the network sets all bits in this field to 0. If this field is absent, the related service may or may not be available in any neighbouring cell, i.e. the UE cannot determine the presence or absence of an MBS service in neighbouring cells based on the absence of this field.

	mtch-schedulingInfo
Indicates the index of DRX configuration entry in drx-ConfigPTM-List that is used for scheduling the MTCH. The value 0 corresponds to the first entry in drx-ConfigPTM-List, the value 1 corresponds to the second entry in drx-ConfigPTM-List and so on. In case mtch-schedulingInfo is absent for a G-RNTI (i.e. no PTM DRX), the UE shall monitor for PDCCH scrambled with G-RNTI in any slot according to the search space configured for MTCH [see TS 38.213 [13], clause 10.1].

	mtch-SSB-MappingWindowIndex

Indicates the index of MTCH-SSB-MappingWindowCycleOffset configuration entry in MTCH-SSB-MappingWindowList. The value 0 corresponds to the first entry in MTCH-SSB-MappingWindowList, the value 1 corresponds to the second entry in MTCH-SSB-MappingWindowList and so on. This field is set to the same value for all MBS sessions mapped to the same G-RNTI.

	pdcp-SN-SizeDL
Indicates that PDCP sequence number size of 12 bits is used, as specified in TS 38.323 [5]. When the field is absent the UE applies the value as specified in 9.1.1.7.

	pdschConfigIndex
Indicates the index of PDSCH configuration entry in pdschConfigList for MTCH. Value 0 corresponds to the first entry in pdschConfigList, the value 1 corresponds to the second entry in pdschConfigList and so on. When the field is absent the UE applies the first entry in pdschConfigList for MTCH.

	sn-FieldLength
Indicates that the RLC SN field size of 6 bits is used, see TS 38.322 [4]. When the field is absent the UE applies the value as specified in 9.1.1.7.

	t-Reassembly
Timer for reassembly in TS 38.322 [4], in milliseconds. Value ms0 means 0 ms, value ms5 means 5 ms and so on. When the field is absent the UE applies the value in specified in 9.1.1.7.

	t-Reordering
Value in ms of t-Reordering specified in TS 38.323 [5]. Value ms1 corresponds to 1 ms, value ms10 corresponds to 10 ms, and so on.  When the field is absent the UE applies the value as specified in 9.1.1.7.


	Conditional Presence
	Explanation

	MTCH-Mapping
	The field is mandatory present if the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 is more than 1, and searchspaceMTCH is not set to zero (including the case where searchSpaceMTCH is absent and searchSpaceMCCH is not set to zero). Otherwise, it is absent, Need R.


<<<<<<<<<<<<<<<<<<<< Change ends >>>>>>>>>>>>>>>>>>>>
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