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Introduction
The following two topics are discussed in this contribution:
· MBS reception during SDT
· Paging reception during SDT
[bookmark: _Toc242573354]Background
Ongoing SDT procedure
In RAN2#124 longer CG-SDT periodicities were introduced [1-5]:
{1280, 2560, 5120, 10240, 61440, 122880, 307200, 604160, 1208320, 1802240, 3604480} ms
The SDT procedure is not considered ongoing for such long time periods, but the SDT procedure is ongoing while T319a timer is running. This has been clarified for Paging during SDT in 38.331 [4]:
<TEXT OMITTED>
-	RRC_INACTIVE:
<TEXT OMITTED>
-	The UE:
-	Monitors Short Messages transmitted with P-RNTI over DCI (see clause 6.5);
-	During SDT procedureWhile T319a is running, monitors control channels associated with the shared data channel to determine if data is scheduled for it;
-	While SDT procedure is not ongoingT319a is not running, monitors a Paging channel for CN paging using 5G-S-TMSI and RAN paging using fullI-RNTI, except if the UE is acting as a L2 U2N Remote UE;
-	If configured by upper layers for MBS multicast reception, while SDT procedure is not ongoingT319a is not running, monitors a Paging channel for paging using TMGI;
-	Performs neighbouring cell measurements and cell (re-)selection;
-	Performs RAN-based notification area updates periodically and when moving outside the configured RAN-based notification area;
-	Acquires system information and, while SDT procedure is not ongoing, can send SI request (if configured);
-	While SDT procedure is not ongoing, performs logging of available measurements together with location and time for logged measurement configured UEs;
-	While SDT procedure is not ongoing, performs idle/inactive measurements for idle/inactive measurement configured UEs;
<TEXT OMITTED>
The SDT procedure is started when the UE sends RRCResumeRequest and timer T319a {ms100, ... ms4000} is started. The RRCResumeRequest may contain UL data, and further small data may be send/received after the RRCResumeRequest. The procedure is terminated (successfully) with RRCRelease. or terminated (unsuccessfully) when T319a expires. When T319a expires the UE goes to RRC_IDLE with release cause 'RRC Resume failure'. Small data transmissions are typically performed for a very short time period and cannot continue beyond T319a expiry.
An RSRP threshold can be configured to prevent the UE from attempting to send/receive small data in bad coverage (sdt-RSRP-Threshold). 
During an ongoing SDT procedure, i.e. while T319a is running, the UE can receive Paging PDCCH (short message indication SI change or ETWS/CMAS indication), but the UE cannot receive Paging message on PDSCH (similar as in RRC_CONNECTED).
During an ongoing SDT procedure the UE can receive System Information (SI) on PDSCH (e.g. ETWS/CMAS warning messages), i.e. the UE behaves as if in RRC_CONNECTED.
Discussion
MBS reception during SDT
NOTE 1
NOTE 1 in clause 5.2.2.3.1 “Acquisition of MIB and SIB1” in 38.331 says:
NOTE 1:	The UE in RRC_CONNECTED is only required to acquire broadcasted SIB1 and MBS broadcast if the UE can acquire it without disrupting unicast or MBS multicast data reception, i.e., the broadcast and unicast/MBS multicast beams are quasi co-located. The UE in RRC_INACTIVE state while SDT procedure is ongoing, is only required to acquire broadcasted SIB1 and MIB if the UE can acquire them without disrupting unicast data reception, i.e. the broadcast and unicast beams are quasi co-located.
The original intention of the NOTE was to say that broadcast reception (SIB1) should not disrupt unicast reception, see v15.3.0:
NOTE:	The UE is only required to acquire broadcasted SIB1 if the UE can acquire it without disrupting unicast data reception, i.e. the broadcast and unicast beams are quasi co-located.
Or in other words, if the UE cannot receive broadcast and unicast simultaneously then the UE should prioritize unicast. When the QCI information tells the UE that it cannot assume that the beams are QCL-ed the UE should put its time and resources on receiving unicast. 
In RAN2#124 corrections to NOTE 1 were proposed [1]:
NOTE 1:	The UE in RRC_CONNECTED is only required to acquire broadcasted SIB1 and MBS broadcast if the UE can acquire it without disrupting unicast or MBS multicast data reception, i.e., the broadcast and unicast/MBS multicast beams are quasi co-located. The UE in RRC_INACTIVE state while SDT procedure is ongoing, is only required to acquire broadcasted SIB1, and MIB and MBS broadcast if the UE can acquire them without disrupting unicast data reception, i.e. the broadcast and unicast beams are quasi co-located.
Some concerns were expressed about these corrections and the NOTE itself and the CR was postponed.
Use case
The NOTE refers to the use case when broadcast and unicast are scheduled in the same slot and the beams are not quasi co-located (QCL-ed) e.g. wide beams used for broadcast and narrow beams used for unicast. The UE can of course receive unicast and broadcast scheduled in different slots and the beams do not need to be QCL-ed in that case:
[bookmark: _Toc158530363]NOTE 1 in clause 5.2.2.3.1 in 38.331 is applicable when unicast and broadcast are transmitted in the same slot and the beams are not quasi co-located.
Whether the UE is capable to receive unicast and broadcast in the same slot may also depend on UE capability:
· UE can receive unicast and Paging/SI in the same slot.
· Dependent on UE capability the UE can receive MBS broadcast/unicast and unicast in the same slot.
Dependent on the RRC state the UE may be required to receive different broadcast and unicast transmissions:
	
	Broadcast transmissions
	Unicast transmissions

	
	Paging (NOTE1)
	SI
	MBS broadcast
	MBS multicast
	Unicast

	RRC_CONNECTED
	- (NOTE2)
	Yes (NOTE3)
	Yes
	Yes
	Yes (NOTE4)

	RRC_INACTIVE
	Yes
	Yes
	Yes
	Yes
	Yes (NOTE5)

	RRC_IDLE
	Yes
	Yes
	Yes
	.
	.


NOTE1: This may include DCP transmissions using PDCCH to wake the UE up before the next PO.
NOTE2: Paging PDCCH only, and when configured with a common search space on the active BWP.
NOTE3: When configured with a common search space on the active BWP: monitoring every modification period for SI change, and every DRX cycle for ETWS/CMAS. System information can also be provided via dedicated signalling (e.g. ETWS/CMAS). 
NOTE4: This may include DCP transmissions using PDCCH to wake the UE up before the next OnDuration.
NOTE5: Unicast transmissions using SDT.
Broadcast transmissions are typically repeated and the UE may be able to receive them during another repetition. Furthermore broadcast is transmitted in wide beams (SSB) using beam sweeping to reach all UEs camped on the cell, i.e. when receiving unicast transmissions in a narrow beam the UE is likely to be able to receive both unicast and broadcast.
ETWS/CMAS reception
The UE shall receive warning messages as soon as possible. The UE is required to receive the ETWS Primary Notification within 4 seconds (TS 22.268).
An ETWS/CMAS capable UE may be required to receive warning messages and unicast transmissions in RRC_CONNECTED and RRC_INACTIVE in the same slot simultaneously:
[bookmark: _Toc159240253]RAN2 to discuss whether an ETWS/CMAS capable UE should prioritize unicast transmissions over broadcast transmissions when transmitted in the same slot and the beams are not quasi co-located. 
The network is able to avoid a possible conflict by scheduling broadcast and unicast in different slots. This may require the scheduler to adapt/change the unicast scheduling when warning messages arrive and SIB6/SIB7/SIB8 transmissions are started. In any case, persistent conflicts should be avoided.
Search space processing
The UE can be configured with multiple search space sets for PDCCH monitoring (up to 10 per BWP), see SearchSpaceId in 38.331. The order over which the UE processes the search spaces (for the same RE (ControlResourceSetID indication what to look for in a slot) in the same slot (taking into account the search space periodicity and offset) is according to their search space index. The UE stops processing when it has either found a DCI or run out of PDCCH candidate capacity. In RRC_IDLE/RRC_INACTIVE this applies to the search spaces configured on the initial BWP. In RRC_CONNECTED the ordering applies to the search spaces configured on the active BWP. 
Search space sets for SIB, Paging, SDT, MBS broadcast and MBS multicast in RRC_INACTIVE can be configured via PDCCH-ConfigCommon (in SIB and dedicated signalling): 
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
    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
    searchSpaceMulticastMCCH-r18           SearchSpaceId         OPTIONAL,   -- Need R
    searchSpaceMulticastMTCH-r18           SearchSpaceId         OPTIONAL    -- Need S
In case the unicast transmissions (sdt-SearchSpace, searchSpaceMTCH/MCCH) would be configured with a higher search space index then the broadcast transmissions (searchSpaceSIB1, searchSpaceOtherSystem Information, pagingSearchSpace), then the UE would detect the broadcast DCIs first. But the network can configure this appropriately:
The network configures the search space indexes for unicast and broadcast appropriately.
When warning messages are transmitted in the same slot with unicast transmissions, the network should avoid persistent detection of the unicast DCIs first.
MBS reception in RRC_CONNECTED
MBS broadcast is an optional feature and the UE is only “required” to acquire MBS broadcast when the UE is interested to receive an MBS broadcast session. And a UE supporting MBS multicast is only required to receive MBS multicast when it has joined an MBS session. 
[bookmark: _Toc159240254]RAN2 to consider to clarify in NOTE 1 that the UE is only required to acquire MBS broadcast if the UE is interested to receive MBS broadcast. And that a UE is only required to receive MBS multicast if the UE has joined an MBS multicast session.
For example: 
NOTE 1:	The UE in RRC_CONNECTED is only required to acquire broadcasted SIB1 and MBS broadcast, if the UE is interested to receive MBS broadcast, if the UE can acquire it without disrupting unicast or MBS multicast data reception, if the UE joined an MBS multicast session, i.e., the broadcast and unicast/MBS multicast beams are quasi co-located. The UE in RRC_INACTIVE state while SDT procedure is ongoing, is only required to acquire broadcasted SIB1, MIB and MBS broadcast, if the UE is interested to receive MBS broadcast, if the UE can acquire them without disrupting unicast data reception, i.e. the broadcast and unicast beams are quasi co-located.
But it makes the note longer and more difficult to read.
SIB1 reception in RRC_CONNECTED
SIB1 is essential system information the UE needs to be able to camp on the cell in RRC_IDLE and RRC_INACTIVE, i.e. if missing the UE considers the cell barred (clause 5.2.2.5 Essential system information missing in 38.331). SIB1 is essential system information in RRC_CONNECTED during RRC re-establishment when T311 is running, but the UE does not receive unicast nor MBS multicast during RRC re-establishment. An ETWS/CMAS capable UE, with a common search space configured on the active BWP, is required to receive SIB1 in RRC_CONNECTED: 
[bookmark: _Toc159240255]RAN2 to consider to clarify the use case when the UE is required to acquire SIB1 in RRC_CONNECTED.
NOTE 1 does not intend to capture all the use cases when the UE is required to acquire SIB1 and MBS multicast/broadcast, etc. This is captured in other places in 38.331. Therefore the NOTE should perhaps be written from a beam perspective.
Ongoing SDT procedure
It is clearer to say “while T319a is running” instead of “while SDT procedure is ongoing”:
[bookmark: _Toc159240256]In NOTE 1 replace “while SDT procedure is ongoing” with “while T319a is running”.
Paging reception during SDT
When the SDT procedure is ongoing the UE cannot receive (group) Paging message on PDSCH, i.e. this requires special handling of the Paging message by the network to ensure that the UE receives the (group) Paging message, for example:
· gNB sends RRCResume when receiving a Paging message for a UE in an ongoing SDT, i.e. transitions the UE to RRC_CONNECTED.
· gNB sends the Paging message after RRCReject/RRCRelease when receiving a Paging message for a UE in an ongoing SDT, i.e. the UE receives the Paging message in RRC_IDLE/RRC_INACTIVE. 
· gNB sends the Paging message after the SDT procedure has completed.
· When there is a group Paging message for a UE that has joined an MBS multicast session and the UE is in an ongoing SDT: 
· The UE does not support MBS multicast reception in RRC_INACTIVE, or the UE did not join the session yet, or the UE is not allowed to receive the session in RRC_INACTIVE the gNB sends RRCResume, i.e. transitions the UE to RRC_CONNECTED.
· The gNB sends group Paging message after RRCReject/RRCRelease i.e. the UE receives the Paging message in RRC_IDLE/RRC_INACTIVE.
· gNB sends the group Paging message after the SDT procedure has completed
The following observation can be made:
It is left to network implementation whether to prioritize broadcast over unicast during SDT.
ETWS/CMAS reception in RRC_CONNECTED
It is expensive to configure a common search space on the active BWP, especially when multiple BWPs are configured in connected mode. The system information is duplicated on each active BWP: 
[bookmark: _Toc159240257]An ETWS/CMAS capable UE, when in RRC_CONNECTED receiving Paging PDCCH including etwsAndCmasIndication goes to RRC_IDLE to receive ETWS/CMAS.
In case ETWS/CMAS is send to the UE via dedicated signalling in RRC_CONNECTED, then signalling resources may be wasted, and subsequently signalling may be delayed, because the gNB does not know if the UE supports ETWS/CMAS. Furthermore with CMAS the UE may have opted out to receive certain type of CMAS warnings (e.g. Amber alerts like child abduction):
[bookmark: _Toc159240258]UE capability signalling is introduced for ETWS and CMAS. The CMAS capability can be signalled per CMAS warning type.
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss MBS and paging during SDT: 
Proposal 1	RAN2 to discuss whether an ETWS/CMAS capable UE should prioritize unicast transmissions over broadcast transmissions when transmitted in the same slot and the beams are not quasi co-located.
Proposal 2	RAN2 to consider to clarify in NOTE 1 that the UE is only required to acquire MBS broadcast if the UE is interested to receive MBS broadcast. And that a UE is only required to receive MBS multicast if the UE has joined an MBS multicast session.
Proposal 3	RAN2 to consider to clarify the use case when the UE is required to acquire SIB1 in RRC_CONNECTED.
Proposal 4	In NOTE 1 replace “while SDT procedure is ongoing” with “while T319a is running”.
Proposal 5	An ETWS/CMAS capable UE, when in RRC_CONNECTED receiving Paging PDCCH including etwsAndCmasIndication goes to RRC_IDLE to receive ETWS/CMAS.
Proposal 6	UE capability signalling is introduced for ETWS and CMAS. The CMAS capability can be signalled per CMAS warning type.
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