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 Introduction
RAN2#121-bis-e meeting is the first time RAN2 started considering the CFR design for multicast reception for UE in RRC_INACTIVE. Attention was raised on a design that can support various types of UE, including RedCap UEs which was explicitly supported by companies. 

Since then this issue was not touched but with a placeholder for "revisiting" if needed:

	RAN2#121-bis-e, Apr., 2023
Agreement: The same CFR is used for multicast MCCH and MTCH. It can be revisited if there is any issue found, e.g. for RedCap UEs.


In this paper we suggest that it might not be a good idea to follow legacy design by inheriting the issues from Rel-17 MBS broadcast, like future proofing, duplicated PDSCH resources and duplicated control resources (dual MCCH/CFR configuration). This contribution is structured as below:

Firstly, we advocate the the necessity to support or at least consider RedCap UE and future-proofing in the system design.
Then, the principle to apply the same MTCH PDSCH resources to the same service, to avoid resources waste which is against the reason why we have to support MBS in the first place.
And, the potential solutions to tackle above issues.
Last but not least a draft TP in section 5, to prove the feasibility of the proposed solutions.
 Discussion
 RedCap UE reception and future-proofing

In current WID it does not explicitly say RedCap UE shall be supported, however it does not mean we shall not consider it in system design. NR MBS aims to provide MBS service to large amount of UEs, including IoT devices, i.e., RedCap UE fits into the MBS scenarios. For example, in original Rel-17 NR MBS WID [RP-201038], IoT applications were listed as the typical use case of NR MBS:
Objective A of the SA2 SI is about Enabling general MBS services over 5GS and the uses cases identified that could benefit from this feature include (but are not limited to) public safety and mission critical,. V2X applications, transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications.
Rel-17/18 NR MBS intends to support the scenarios with large amount of UE's simultaneous reception, especially for IoT application.

The support of NR MBS broadcast reception in Rel-17 for RedCap UE is not perfect. Either it harms the network performance (e.g., limiting the whole transmission bandwidth to limited bandwidth, say, 20 MHz, even on a 100MHz carrier) or sacrifice the RedCap UE reception (e.g., do not support it at all). This is why in RAN2#121 an item from "TEI proposals by RAN2", a late fix, was agreed to handle this.
RedCap support is in need, and it is already reflected in agreed TEI18.
Moreover, on RedCap UE support, one shall be able to say, confidently, it has already been well supported in Rel-17, thanks to the RRC_CONNECTED scheduling nature. Network shall be able to make the proper scheduling decision based on the UE capability (which is well known by network, even there is no extra info associated with the multicast session itself, this is why multicast is such a neat thing to have compared to broadcast).
RedCap UE reception for multicast has already been well supported in Rel-17.
We don't have a strong view on RedCap UE support, i.e., we don't say RedCap UE has to be supported in current release and we admit it is not explicitly in the scope. Instead, what we are suggesting is, can we step back, and have a look at things in a holistic view, to have a more future-proof solution. We assume the TEI18 shall be well know by companies: if we take actions now, we may be able to avoid another TEI1x to fix the RedCap UE reception issue for multicast and the case of RRC_INACTIVE reception.

Based on above, we can easily propose the following:
RAN2 aims to support RedCap UE reception in Rel-18 multicast reception in RRC_INACTIVE.
 Same MTCH PDSCH applies
Let's start with the very basic question, same MTCH PDSCH or not for RedCap UE and non-RedCap UEs. We say yes and it is a easy answer: assume in a network environment, there are various type of UEs, e.g., RedCap UEs and non-RedCap UEs. This was supported in LTE era in which one service can be served to both M1 and M2 eMTC type UEs.

And ideally network should uses single piece of MTCH PDSCH resources for all 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. 

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.
As mentioned in previous section, we do it this way in Rel-17. Network, based on the UE capability, is able to schedule the same CFR for one group of service: the UE specific BWP may be different but the CFR/locationAndBandwidth can be identically configured. Although it is network implementation, it can be assumed a practical network implementation does so and it is enabled by specification.
In the contributions of RAN#101 meetings, a few companies also proposed this objective as well, if this feature can not be supported in Rel-18 [1-3]. Therefore it is proposed RAN2 to look into a solution for the same MTCH PDSCH for the same service for all UE types.
It is reasonable for network applying the same MTCH PDSCH resources for all UE types, e.g., resource efficiency of the MBS nature, and feasibility.
RAN2 looks for a solution that enables same MTCH PDSCH for the same service for all UE types.

 Solutions
Before we go into details, we want to clarify a few things that may be able to make later discussion easier:
There is no backward compatibility issue on Rel-18 multicast MCCH design. As multicast MCCH is a new feature that is only to be standardized in Rel-18.

This has nothing to do with current ongoing TEI18 for Rel-17 NR MBS broadcast reception for RedCap UEs. One is for Broadcast while here it is about multicast. The former has compatibility issues to consider, while the latter is new without "legacy burden".
There is no backward compatibility issue on Rel-18 multicast MCCH design.
No need to pursue the same solution for TEI18 (i.e., MBS broadcast reception for RedCap UEs).
# Possible options
A few options on the table are foreseen.
Option 0. Following Rel-17 Broadcast CFR design (i.e., single MCCH for all UE and all service). If we just simply follow Rel-17 Broadcast, the same limitation applies to Rel-18 multicast reception for RRC_INACTIVE as well. That is, we will have to limit the transmission bandwidth for all UEs and all services if there is one single RedCap UE receiving the multicast service in RRC_INACTIVE, or apply duplicated resources for RedCap UE and non-RedCap UE. We definitely don't want to repeat what is happening to Rel-17 Broadcast.

If we follow Rel-17 Broadcast CFR design (i.e., single MCCH for all UE and all service), we will encounter the same problem in Rel-17, i.e., limit the transmission bandwidth for all UEs and all services if there is one single RedCap UE receiving the multicast service in RRC_INACTIVE.

Option 1. Separate CFR for both MCCH and MTCH for bandwidth limited UEs. One alternative is to have one MCCH for non-RedCap UE, and another one for RedCap UE (following the "The same CFR is used for multicast MCCH and MTCH", but a separate one for RedCap UEs) as suggested by companies. But for a multicast group with both RedCap UE and non-RedCap UE, network will have to allocate double PDSCH resources, one for each type of UE. And there could be more than 2 types of UEs. This is defeating the purpose of Rel-18 RRC_INACTIVE reception, to save resources for a congested cell.

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).

The solution to have separate CFR for both MCCH and MTCH for bandwidth limited UEs, may ask network to allocate duplicated resources for the same services, and it defeats the purpose of Rel-18 RRC_INACTIVE reception, to save resources for a congested cell.

To define a separate RedCap CFR common for both MTCH and MCCH, might not be future-proofing, e.g., there may be new capability limited UEs.

Option 2. Decoupled CFR for MTCH from MCCH. Following the same principle in Rel-17 RRC_CONNECTED scheduling. That is, to allocate a common MTCH CFR per service or per service set that UE has joined. Such CFR need not be restricted to some per cell frequency range , e.g., the per cell MCCH as in Rel-17 MBS broadcast.
By this, the limitation in Option 0 and double resource issues in Option 1 are gone. The only change in stage 3 are

to configure CFR config for MCCH in the newly introduced SIBx, and 
to put service specific CFR for MTCH into the MCCH message, e.g., in MBS-SessionInfoList for each TMGI. 
// this was how we configure MBMS in LTE SC-PTM: SIB20 for MCCH config, and MCCH for MTCH config.
For Rel-17 RRC_CONNECTED UEs, it is actually following a per service (set) CFR design.
Decoupling the MTCH CFR from multicast MCCH CFR is beneficial: network does not need to limit the transmission bandwidth due to the existence of RedCap UE or any bandwidth limited UEs; no need to have duplicated resources for different type of UEs; more importantly, it is future-proofing, more diverse service or UE type in the future can be naturally supported.
Based on above analysis, we suggest going with Option 2 with the following consideration on the design details. How about the spec impacts? We check them out in following sections.
# Common multicast MCCH

Since the MTCH PDSCH is the same for all possible UE type, the PTM config of which shall be the same. 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. 

The intuitive solution is to have one common multicast MCCH that is of less overhead on Uu. 
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.
PTM configuration in MCCH for each UE needs to be the same, if network intends to schedule the same MTCH PDSCH resources, i.e., different UE sees the same content.
One common MCCH is used for different UE types, e.g., RedCap UE and non-RedCap UE.
# Per MTCH CFR is as simple as it can be in stage 3

One may worry the complexity for one UE to monitor more than one CFR. However, a Rel-17 UE also needs to monitor both CORESET#0 and CFR as well. The key here is whether there how UE is able to index the frequency resources correctly based on the CFR information, without any radio re-tuning as in BWP switching.
There is no radio re-tuning for one UE that needs to monitoring multiple CFR, for one UE who's joined multiple sessions.

The per service frequency range can simply be added as part of the PTM config in MCCH for each TMGI (or each MBS session), or by indexing which can save some extra bits. 

Per service frequency range is added as part of the PTM config in multicast MCCH.

 Conclusion

In this contribution, we have provided an overview of the CFR design for multicast reception in RRC_INACTIVE, that support diverse UE types, including RedCap UE and non-RedCap UE, while not limiting the transmission bandwidth as in Rel-17.
RAN2 aims to support RedCap UE reception in Rel-18 multicast reception in RRC_INACTIVE.
RAN2 looks for a solution that enables same MTCH PDSCH for the same service for all UE types.

No need to pursue the same solution for TEI18 (i.e., MBS broadcast reception for RedCap UEs).
One common MCCH is used for different UE types, e.g., RedCap UE and non-RedCap UE.
Per service frequency range is added as part of the PTM config in multicast MCCH.

An example TP following existing agreements and above proposals to TS 38.331 is attached for reference.

 Reference

RP-231722
NR MBS enhancement for Rel-19
CBN

RP-231764
Rel-19 NR MBS evolution
Xiaomi

RP-232056
Consideration on R19 MBS enhancements
CATT, CBN, China Telecom

 Example TP to 38.331
<<<<<<<<<<<<<<<<<<<< Changed starts>>>>>>>>>>>>>>>>>>>>

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-Multicast-r18 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-Multicast
Common frequency resource used for MCCH reception for RRC_INACTIVE UEs' multicast reception.

	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

–
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-Multicast-r18                 SearchSpaceId                                           OPTIONAL,   -- Need R

searchSpaceMTCH-Multicast-r18                 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-Multicast
ID of the search space for multicast MCCH. A RRC_INACTIVE UE who is interested in multicast reception follows this search space to receive the multicast MCCH.

	searchSpaceMTCH-Multicast
ID of the search space for multicast MTCH(s) for UEs in RRC_INACTIVE.

	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-Multicast/searchSpaceMTCH-Multicast 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-Multicast-r18          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-Multicast
Indicates starting PRB and the number of PRBs of CFR used for multicast MTCH reception.

Value sameAsSib1ConfiguredLocationAndBW means the CFR for multicast MTCH reception 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 >>>>>>>>>>>>>>>>>>>>


1/8


