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Introduction
In RAN Meeting #88-e a new working item was approved WID [1]  targeting a RAN support of Multicast/ Broadcast Services (MBS) in R17.One of the key objective of this WID is to study and
·  Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1]
During 3gpp RAN2#112e meeting two modes were agreed for MBS delivery in R17. The first mode is the delivery mode, this mode is used for multicast session delivery and is applicable to UEs in RRC Connected state (FFS UEs in RRC Inactive) and use both point-to-point (PTP) and point-to-multipoint (PTM) transmissions. The second delivery mode is delivery mode2; this mode is used for broadcast session delivery, applicable to UEs in all RRC states, and uses PTM transmissions only. For this mode, it was agreed in RAN2 113e that the UE will provided with MBS configuration using common RRC signalling in a two-step based approach (i.e., using a new  SIB MBS to provide the transmission configuration of the multicast control channel (MCCH) which carries transmission scheduling configuration of MBS multicast traffic channel (MTCH) to UE. This report discusses the MCCH scheduling configuration for delivery mode 2.
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In a latest discussion in 3GPP RAN meetings (i.e., RAN2#113e and 113Bis-e), it was agreed that the scheduling of MCCH to be in same bandwidth part (DL BWP) configured for other common control channels such as system information (SI) broadcast control channel (BCCH) and/or the paging control channel (PCCH)) for efficient scheduling and UE power saving. Under such considerations, the network shall able to configure for the UE; within the BWP configured for other common control channel, a control resource set (CORESET) and common search space for monitoring the PDCCH candidates for MCCH in time domain resources (i.e., time slots) others than the time slots configured for the others common control channels. Otherwise, the UE may end up monitoring the search spaces of both MCCH and other common control channels simultaneously in the same time slot. This can relatively increase UE reception complexity and it may affect the scheduling of paging and system information, which may affect the normal operations of the UE. There are two options of configurations to prevent from such a problem. In the following sections, we will provide a detailed discussion about these configuration options. 
2.1 Scheduling of MCCH and other common control channels in separate time domain resources   
[bookmark: _GoBack]For this configuration option, the network may implicitly configure UE to avoid monitoring MCCH and others common channels (like BCCH and PCCH) simultaneously in a same time slot by configuring in a separate slot common frequency resources (CFR) or an initial DL BWP with one or more CORESETs (CR). Associating each CR with one or more search spaces (SS) for monitoring the common  physical downlink control channel (common-PDCCH) for a downlink control information (DCI) scrambled by system information RNTI (SI-RNTI) for BCCH scheduling or a DCI scrambled by paging RNTI (P-RNTI) for PCCH channel scheduling. Then, configuring another different separate slot the same common frequency resources (CRF) or initial DL BWP with a CORESET (CR) associated with one or more search spaces (SS) for monitoring a common-PDCCH with a DCI scramble by MCCH-RNTI for scheduling MCCH and PTM configuration messages. This configuration is illustrated by an example given in Figure 1. In this example the network configures the UE with an initial downlink BWP (DL BWP); within this DL BWP it configures three CORESETs (i.e., a common PDCCH decode regions) namely CR0, CR1 and CR2. There CORESETs are associated search spaces; SS0 for the system information channel BCCH, SS1 for paging channel PCCH and SS2 for multicast control channel MCCH. To help preventing UE from monitoring more than one of these CORESET and search space in a time slot, the network may pre-configure the scheduling  of SI channel (e.g., MIB or SIB) to be in first time slot or slot0 (i.e., CR0:SS0: SI-RNTI). It may in addition, pre-configure the scheduling of the paging channel to be in second slot or slot1 (i.e., CR1:SS1: P-RNTI), and pre-configures the scheduling of MCCH channel to be in the third time slot (slot2) (CR0:SS2: MCCH-RNTI). In this way even if the UE blindly monitor the time slot for CORESETs and search spaces, it can end up monitoring only one CORESET and search space at time as shown in the table provided in Figure 1 . Based on the above discussion we have the following proposals 
· Proposal 1: The scheduling of MCCH shall be in a separate time slot other than slots configured for SI and/or paging channels. 
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Figure 4.Scheduling of the multicast channel and other common control channels based on separate slots configuration  
2.2 Configuring UE to avoid monitoring MCCH and other common control channel via an indication signal
For this configuration option, the network may arbitrarily configure the search spaces for MCCH, SI and paging channels. Then configure UE to avoid reading or monitoring more than one search space from the configured simultaneously in a slot. This can be done by providing an explicit signalling indication to UE that indicates which CORESETs and/or search space the UE shall monitor during/for any particular time slot. There are two options that can be provided to UE, the first one is to provide the indication via the spare bit in Master Information Block (MIB) information element along with the other parameters required to decode the system information block type1 SIB1 (i.e., providing  it within CORESET0 as shown in Table 1). The second one is to provide the indication via a new defined one-bit field (NewField) within PDCCH common configuration Information element (i.e., carrying it by SIB1as shown in Table 2).
For the above two options; the spare bit within MIB or new configured field within SIB1, the configuration can be in a way that: 
1- If the field is 1 UE shall monitor the CORESET/search space for system information or BCCH for PDCCH with DCI scrambled by SI-RNTI, 
2- if the field is 0 , UE shall monitor the CORESET/search space for paging or PCCH or PDCCH with DCI scrambled by PI-RNTI, 
3- And if the field is absent, the UE shall monitor the CORESET/search space for or MCCH or monitor a PDCCH with DCI scrambled by MCCH-RNTI.
According to the above indication configurations ( i.e., provided in Table 3), the UE will also end up monitoring only one CORESET and search space for any given time slot as shown in the table provided in Figure 2 which shows the monitoring configuration of a different time slot according to the provided signal in Table 3. Based on the above discussion we have the following proposal 
· Proposal 2: Network may indicate to UE via MIB or SIB1 whether to monitor MCCH, SI, or paging channel in any particular time slot.



Table 1: Indication via MIB Information element
	
MIB ::= SEQUENCE {
    systemFrameNumber                   BIT STRING (SIZE (6)),
    subCarrierSpacingCommon             ENUMERATED {scs15or60, scs30or120},
    ssb-SubcarrierOffset                INTEGER (0..15),
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    pdcch-ConfigSIB1                   INTEGER (0..255),
    cellBarred                                 ENUMERATED {barred, notBarred},
    intraFreqReselection                ENUMERATED {allowed, notAllowed},
    spare                                           BIT STRING (SIZE (1))
}


Table 2: Indication via SIB1 Information element : PDCCH-ConfigCommon
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PDCCH-ConfigCommon ::=               SEQUENCE {
    commonControlResourcesSets   SEQUENCE (SIZE(1..2)) OF ControlResourceSet   OPTIONAL,
    commonSearchSpaces                  SEQUENCE (SIZE(1..4)) OF SearchSpace           OPTIONAL, 
    searchSpaceSIB1                                   SearchSpaceId                                               OPTIONAL, 
    searchSpaceOtherSystemInformation       SearchSpaceId                                            OPTIONAL,  
    pagingSearchSpace                                  SearchSpaceId                                              OPTIONAL,  
    ra-ControlResourceSet                    ControlResourceSetId                                       OPTIONAL,   
    ra-SearchSpace                                    SearchSpaceId                                                  OPTIONAL,
    NewField                                               BIT STRING (SIZE (1))...
}


Table 3: The indication signal which can be provided by the network to the UE
	Search space and RNTI to be monitored by UE 
	CORSET0 or SIB1 spare 
Signalling value

	SI  BCCH (SI-RNTI)
	1

	Paging PCCH (SI-RNTI)
	0

	MCCH scheduling (SI-RNTI)
	Field is absent
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Figure 2. Configuring UE to avoid reading or monitoring in single time slot duration the multicast channel (MCCH) together with the other common controls channel via an indication signal.
In conclusion, a common search spaces (such as those one configured for BCCH, PCCH, or MCCH) are specific search spaces that every UE need to search for signaling message that is applied to every UE (e.g., PDCCH for SIB). Each of these search space represents a set of control channel elements (CCEs) at a different aggregation level(s). In other words, these search spaces are used to tell how many PDCCH candidates are configured for UE to decode at different aggregation level. Within each of these search spaces, a UE can perform blind decoding to know the aggregation level, the position of the PDCCH within the set of CCEs, or the format, size of the DCI. To help limit the processing requirement of the UE, 3GPP provides in Table 4 [TS 38.213] which shows the maximum number of PDCCH candidates for a UE to monitor per slot for the operation in single serving cell with overlapped and non-overlapped CCEs (i.e., different subcarrier spacing (SCS) configuration or μ value are given in this table). According to the provided table (i.e. Table 4), we can notice that for example for 15 khz subcarrier spacing (i.e. μ=0), if UE is configured by the network to monitor the search spaces for MCCH, paging channel (PCCH) and the broadcast channel (BCCH) simultaneously within a same time slot. Then, the total number of the monitored PDCCH candidates would be 3*44 for overlapped CCEs or 3*56 for non-overlapped CCEs configuration. According to this report, at each time slot duration the UE will be configured only monitor one channel only (MCCH or BCCH/PCCH); therefore, total number of the monitored PDCCH candidates would be only 44 or 56 PDCCH candidates per slot. This can relatively reduce UE reception complexity and save UE power.
Table 4: The maximum number of the monitored PDCCH candidates by UE per slot 
	SCS configuration μ
	Maximum number of monitored PDCCH candidates per slot and per serving cell
	Maximum number of non-overlapped CCEs per slot and per serving cell

	0
	44
	56

	1
	36
	56

	2
	22
	48

	3
	20
	32


Conclusion
In this contribution, we have discussed some proposals for handling the scheduling of MCCH together with SI and/or paging in a same frequency resources (i.e., without a need for BWP switch) while addressing the UE complexity issues that could result from such a scheduling configuration. These proposals are summarized as follows:
· Proposal 1: The scheduling of MCCH shall be in a separate time slot other than slots configured for SI and/or paging channels. 
· Proposal 2: Network may indicate to UE via MIB or SIB1 whether to monitor MCCH, SI, or paging channel in any particular time slot.
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