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1. Introduction
In the last RAN2 meeting, the following agreement was reached regarding the CFR for Redcap UE:
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. 
At the same time, in Rel-17 MBS correction discussion, the following contribution was noted after some discussion:
	MBS for Redcap
R2-2301781 Correction options on RedCap and SNPN support of NR MBS in Rel-17 ZTE, Sanechips discussion Rel-17 NR_MBS-Core
Noted
 
Proposal 1 RAN2 to discuss which option to take to get aligned with RAN2 stage 2 agreements on single MCCH principle: 1. capture "only single MCCH is supported" in TS 38.300; 2, clarify that "network ensures single searchSpace for MCCH and single searchSpace for MTCH" in TS 38.331; 3, the configuration for MCCH/MTCH searchSpace shall be absent for initialDownlinkBWP-RedCap in Rel-17 (e.g., absent in case of initialDownlinkBWP-RedCap.)
 
- Vivo thinks it is obvious that “no multiple MCCH” is from UE perspective, not from NW perspective. Ericsson, QCM agrees, no changes are needed.
- ZTE think there can be a UE receiving services for both Redcap and non-Redcap.
- Vivo indicates Redcap UE can only use one initial BWP. QCM agrees.
- Huawei thinks we can confirm that the network will not provide two separate MCCH. QCM does not think we need NW restriction and sees no problem with that.
 


RAN2 noted this contribution with an understanding that even in Rel-17 a dedicated MCCH for RedCap UEs is possible, which would be separate from the MCCH for normal UEs, i.e. two MCCHs can be configured in a cell. In this contribution, we will further analyze how to configure a separated CFR for Redcap UEs with minimum spec impact by taking the above agreements into account.
2. Discussion
According to the agreement, RAN2’s intention is not have any impact on RAN1 or RAN4. In addition, we also believe it is beneficial if we can have minimum spec effort in RAN2. In the last meeting, a corresponding CR was submitted to introduce some ASN.1 signaling change to support the separate CFR in Rel-18, and was not approved. 
During the last meeting, the possible MCCH configuration was discussed for normal UEs and Redcap UEs based on [1]. After the discussion, the common understanding was that the NW can configure separate MCCHs for normal UEs and Redcap UEs by configuring different searchSpaceMCCH for UEs of different types. 
If we look at the current Rel-17 spec, the network is able to configure separate initial BWPs for RedCap UEs and non-RedCap UEs. As the RedCap UE may only support the bandwidth of the Redcap initial BWP and doesn’t support the non-RedCap initial BWP bandwidth. The network has to schedule RedCap MCCH/MTCHs within the RedCap initial BWP, while the non-RedCap MCCH/MTCHs can be scheduled in non-RedCap initial BWP.
Observation 1: According to RAN2’s understanding, in Rel-17 NR MBS, the network may configure separate MCCHs for RedCap UEs and non-RedCap UEs.
Observation 2: In Rel-17, RedCap MCCH/MTCHs has to be scheduled within the RedCap initial BWP, while the non-RedCap MCCH/MTCHs can be scheduled in non-RedCap initial BWP.
According to Rel-17 specs, the CFR bandwidth can be same as the initial BWP bandwidth. In this sense, the NW is already able to configure separate CFRs for normal UEs and Redcap UEs. Specifically, according to the ASN.1 signalling as below, if the IE sameAsSib1ConfiguredLocationAndBW is configured, it means the CFR for MBS broadcast has the same location and size as the locationAndBandwidth for the initial BWP configured in SIB1, and for RedCap and non-RedCap UEs, the initial BWPs are separately configured. 
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

	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.


In this case, if the NW configures separate initial BWPs for normal UEs and Redcap UEs, there will be separate CFRs for normal UEs and Redcap UEs. 
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
    ]]
}
Observation 3: the current RRC signaling can already support separate CFRs for normal UEs and Redcap UEs.
Based on the above, only minimum spec effort is needed in RAN2. Regarding the impact on RAN1/RAN4, we have some further analysis. If PDCCH/PDSCH for RedCap and non-RedCap are not overlapped, there will be no impact on RAN1/RAN4. Otherwise, there may be impacts on RAN1 at least. For example, if the NW wants to use separate DCIs to schedule the same PDSCH resource in the overlapping frequency for UEs of both types, there may be some issues as below:
There may be some PRB resources that cannot be indicated by different DCIs. Specifically, according to RAN1 specs, the K values determined from the CFRs of different sides may be different, which may lead to the network not being able to allocate the same frequency resource with the two DCIs. 
	
A downlink type 1 resource block assignment field in the DCI format 4_0 or DCI format 4_1 consists of a RIV corresponding to a starting resource block in reference to the lowest RB of the CFR and a length in terms of virtually contiguously allocated resource blocks LRBs,

	If , K is the maximum value from set {1, 2, 4, 6, 8, 10, 12} which satisfies ; otherwise K = 1. 


Then, how to indicate the same PDSCH resource needs to be investigated by RAN1. 
On the other hand, if the separate DCIs are scheduled in the overlapping frequency with the same RNTI, the UE cannot recognize which is DCI refers to its own CFR. The UE can only blind monitor the PDCCH to obtain one or both DCIs. In such case, the UE may receive the wrong PDSCH based on the wrong DCI. Especially if the UE does not support FDM reception in one slot, the UE is not able to receive both DCIs and has to choose only one of the DCIs, which may be the wrong one. In this case, the UE cannot receive the right PDSCH. It requires further study in RAN1 about how to ensure the UE can get the correct scheduling in this case.
In order to make the Rel-18 (and even Rel-17) RedCap specific CFR working without RAN1/RAN4 impacts, NW implementation can be restricted to configure non-overlapping scheduling for normal UEs and Redcap UEs. For instance, the NW can configure non-overlapping search spaces. The NW can also ensure that the UE calculates the same K value with some configuration restrictions.
Observation 4: To make Rel-18 (and even Rel-17) RedCap specific CFR working without RAN1/RAN4 impacts, some configuration restrictions should be put on network, such as non-overlapping search spaces for RedCap UEs and non-RedCap UEs.
[bookmark: _GoBack]Anyway, we think it wouldn’t be that possible to define a complete solution in Rel-18 to support all cases and all possible scheduling ways without RAN1 or RAN4 involvement. Considering the Rel-18 eRedcap and eMBS WIs are still under discussion, further enhancement can be discussed in Rel-19 by taking what we have achieved in the Rel-18 WIs as baseline.
Proposal 1: For both Rel-17 and Rel-18, reuse the existing signaling to configure separate CFRs and MCCHs for RedCap UEs and non-RedCap UEs, without RAN1 and RAN4 impacts.
Proposal 2: For both Rel-17 and Rel-18, if CFR configuration CFR-ConfigMCCH-MTCH-r17 is configured to sameAsSib1ConfiguredLocationAndBW, clarify that RedCap UE considers CFR to be RedCap initial BWP bandwidth, and non-RedCap UE considers CFR to be non-RedCap initial BWP bandwidth.
Proposal 3: Further enhancements can be discussed in Rel-19 by involving RAN1/RAN4.
3. Conclusion
Based on the above discussion we have the following observations and proposals: 
Observation 1: According to RAN2’s understanding, in Rel-17 NR MBS, the network may configure separate MCCHs for RedCap UEs and non-RedCap UEs.
Observation 2: In Rel-17, RedCap MCCH/MTCHs has to be scheduled within the RedCap initial BWP, while the non-RedCap MCCH/MTCHs can be scheduled in non-RedCap initial BWP.
Observation 3: the current RRC signaling can already support separate CFRs for normal UEs and Redcap UEs.
Observation 4: To make Rel-18 (and even Rel-17) RedCap specific CFR working without RAN1/RAN4 impacts, some configuration restrictions should be put on network, such as non-overlapping search spaces for RedCap UEs and non-RedCap UEs.

Proposal 1: For both Rel-17 and Rel-18, reuse the existing signaling to configure separate CFRs and MCCHs for RedCap UEs and non-RedCap UEs, without RAN1 and RAN4 impacts.
Proposal 2: For both Rel-17 and Rel-18, if CFR configuration CFR-ConfigMCCH-MTCH-r17 is configured to sameAsSib1ConfiguredLocationAndBW, clarify that RedCap UE considers CFR to be RedCap initial BWP bandwidth, and non-RedCap UE considers CFR to be non-RedCap initial BWP bandwidth.
Proposal 3: Further enhancements can be discussed in Rel-19 by involving RAN1/RAN4.
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