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1	Introduction
The Rel-16 Work Item (WI) on “Additional MTC enhancements for LTE” [1] has the following as one of its objectives for BL/CE UEs:

	Extreme coverage for non-BL UEs:
· Specify CE mode A and B improvements for non-BL UEs from among the following list [RAN1, RAN2, RAN4]
· [bookmark: _Hlk521496697]Enhancements to idle mode mobility
· UE demodulation performance requirements for 2 RX antennas and full duplex FDD
· Dual layer DL reception
· Feedback based on CSI-RS
· ETWS/CMAS in connected mode



This objective was discussed during RAN2#103bis, and the following was agreed regarding CE mode improvements for non-BL UEs:
	=> RAN2 intends to support CMAS/ETWS for non-BL UEs in CE mode in connected mode.



The details of the implementation of the support for CMAS/ETWS for non-BL UEs in CE mode in connected mode were not yet concluded in RAN2. In this paper we discuss the implementation aspects of such.

[bookmark: _Ref178064866]2	Discussion
ETWS stands for Earthquake and Tsunami Warning System, which is a public warning system aimed at broadcasting emergency information to users within a specific area in situations such as an earthquake or a tsunami. CMAS stands for Commercial Mobile Alert System, which can also be used e.g. for notifications and warnings in emergency situations. ETWS and CMAS mechanisms are quite similar to each other.
In TS 36.331 sections 5.2.1.4 and 5.2.1.5 the following is stated about indication of ETWS notification and indication of CMAS notification respectively:
[bookmark: _Toc525856251]5.2.1.4	Indication of ETWS notification
ETWS primary notification and/ or ETWS secondary notification can occur at any point in time. The Paging message is used to inform ETWS capable UEs in RRC_IDLE and UEs in RRC_CONNECTED about presence of an ETWS primary notification and/ or ETWS secondary notification. If the UE receives a Paging message including the etws-Indication, it shall start receiving the ETWS primary notification and/ or ETWS secondary notification according to schedulingInfoList contained in SystemInformationBlockType1. If the UE receives Paging message including the etws-Indication while it is acquiring ETWS notification(s), the UE shall continue acquiring ETWS notification(s) based on the previously acquired schedulingInfoList until it re-acquires schedulingInfoList in SystemInformationBlockType1.
NOTE:	The UE is not required to periodically check schedulingInfoList contained in SystemInformationBlockType1, but Paging message including the etws-Indication triggers the UE to re-acquire schedulingInfoList contained in SystemInformationBlockType1 for scheduling changes for SystemInformationBlockType10 and SystemInformationBlockType11. The UE may or may not receive a Paging message including the etws-Indication and/or systemInfoModification when ETWS is no longer scheduled.
ETWS primary notification is contained in SystemInformationBlockType10 and ETWS secondary notification is contained in SystemInformationBlockType11. Segmentation can be applied for the delivery of a secondary notification. The segmentation is fixed for transmission of a given secondary notification within a cell (i.e. the same segment size for a given segment with the same messageIdentifier, serialNumber and warningMessageSegmentNumber). An ETWS secondary notification corresponds to a single CB data IE as defined according to TS 23.041 [37].
[bookmark: _Toc525856252]5.2.1.5	Indication of CMAS notification
CMAS notification can occur at any point in time. The Paging message is used to inform CMAS capable UEs in RRC_IDLE and UEs in RRC_CONNECTED about presence of one or more CMAS notifications. If the UE receives a Paging message including the cmas-Indication, it shall start receiving the CMAS notifications according to schedulingInfoList contained in SystemInformationBlockType1. If the UE receives Paging message including the cmas-Indication while it is acquiring CMAS notification(s), the UE shall continue acquiring CMAS notification(s) based on the previously acquired schedulingInfoList until it re-acquires schedulingInfoList in SystemInformationBlockType1.
NOTE:	The UE is not required to periodically check schedulingInfoList contained in SystemInformationBlockType1, but Paging message including the cmas-Indication triggers the UE to re-acquire schedulingInfoList contained in SystemInformationBlockType1 for scheduling changes for SystemInformationBlockType12. The UE may or may not receive a Paging message including the cmas-Indication and/or systemInfoModification when SystemInformationBlockType12 is no longer scheduled.
CMAS notification is contained in SystemInformationBlockType12. Segmentation can be applied for the delivery of a CMAS notification. The segmentation is fixed for transmission of a given CMAS notification within a cell (i.e. the same segment size for a given segment with the same messageIdentifier, serialNumber and warningMessageSegmentNumber). E-UTRAN does not interleave transmissions of CMAS notifications, i.e. all segments of a given CMAS notification transmission are transmitted prior to those of another CMAS notification. A CMAS notification corresponds to a single CB data IE as defined according to TS 23.041 [37].

This means that there are etws-Indication and cmas-Indication bits included in Paging message and corresponding bits are also included in Direct Indication information transmitted on MPDCCH using P-RNTI. When the indication is set to true, it indicates that the corresponding SIB(s) has been modified, and the UE should acquire the corresponding SIB(s) for the ETWS/CMAS notification.
[bookmark: _Toc525857082]6.6	Direct Indication Information
Direct Indication information is transmitted on MPDCCH using P-RNTI but without associated Paging message. Table 6.6-1 defines the Direct Indication information, see TS 36.212 [22, 5.3.3.1.14].
When bit n is set to 1, UE shall behave as if the corresponding field is set in the Paging message, see 5.3.2.3. Bit 1 is the least significant bit.
Table 6.6-1: Direct Indication information
	Bit
	Direct Indication information

	1
	systemInfoModification

	2
	etws-Indication

	3
	cmas-Indication

	4
	eab-ParamModification

	5
	systemInfoModification-eDRX

	6, 7, 8
	Not used, and shall be ignored by UE if received.



Currently BL UEs and UEs in CE monitor MPDCCH using P-RNTI and may receive this indication only when in idle mode. There is no support for receiving this indication while in connected mode for BL UEs or UEs in CE.  In TS 36.331, the following is said about the purpose of paging procedure:
…
-	to inform UEs in RRC_IDLE, UEs in RRC_INACTIVE and UEs in RRC_CONNECTED other than NB-IoT UEs, BL UEs and UEs in CE, about a system information change and/ or;
-	to inform UEs in RRC_IDLE other than NB-IoT UEs, UEs in RRC_INACTIVE and UEs in RRC_CONNECTED other than NB-IoT UEs, BL UEs and UEs in CE, about an ETWS primary notification and/ or ETWS secondary notification and/ or;
-	to inform UEs in RRC_IDLE other than NB-IoT UEs, UEs in RRC_INACTIVE and UEs in RRC_CONNECTED other than NB-IoT UEs, BL UEs and UEs in CE, about a CMAS notification and/ or;
…
 When such indication, set to true, is received by the UE, the UE needs to acquire the corresponding ETWS or CMAS notification. ETWS notifications are contained in SIB10 (ETWS primary notification) and SIB11 (ETWS secondary notification), while CMAS notification is contained in SIB12:
	…
[bookmark: _Toc525856782]–	SystemInformationBlockType10
The IE SystemInformationBlockType10 contains an ETWS primary notification.
[bookmark: _Toc525856783]…
–	SystemInformationBlockType11
The IE SystemInformationBlockType11 contains an ETWS secondary notification.
[bookmark: _Toc525856784]…
–	SystemInformationBlockType12
The IE SystemInformationBlockType12 contains a CMAS notification.
…
The notifications in SIB10/SIB11/SIB12 provide more detailed information about the specific warning.
Even though not required, non-BL UEs in RRC_CONNECTED are capable of receiving SIB10/SIB11/SIB12. Also, SIB10/SIB11/SIB12 would only need to be acquired in the rare occurrence when ETWS/CMAS notification is configured, thus the impact on UE’s overall power consumption for acquiring SIB10/SIB11/SIB12 would be very small. When such situation occurs, a large number of UEs are expected to receive SIB10/SIB11/SIB12 in a short time, and in this case the most efficient way to provide it is via broadcasting, as it is already done currently. Already now -BR versions of those SIBs can be transmitted, if they are supposed to be delivered to UEs in CE (or BL UEs). Therefore, there is no need for enhancements for allowing non-BL UEs in CE mode to receive ETWS/CMAS notification contained in SIB10/SIB11/SIB12 by other means.
Observation 1 [bookmark: _Toc1082428]Current mechanism for acquiring SIB10/SIB11/SIB12 for ETWS/CMAS notification is sufficient for non-BL UEs in connected mode.
However, the problem here lies in the indication of ETWS/CMAS notification change. As (non-BL) UEs in CE are not required to monitor P-RNTI in connected mode, it is currently not possible to indicate to such UEs that they should acquire SIB10/SIB11/SIB12.
Observation 2 [bookmark: _Toc1082429]Currently, non-BL UEs in CE are not required to monitor for ETWS/CMAS indication in RRC_CONNECTED.
ETWS/CMAS indication is a rare occurrence signalled only in emergency situations. Despite being rare, when signalled, it is critical that the ETWS/CMAS capable UEs acquire the indication as soon as possible. Missing the indication or even having too long delay to receive the indication may cause the emergency situation to become even more dangerous for people relying on these indications. In TS 22.168, for ETWS, the following requirement is stated:
Provisioning of delivery of Primary and Secondary Notification may be required.
-	Primary Notification shall be delivered within 4 seconds to the UE in the Notification Area where the Warning Notification is expected to be distributed even under congestion situation. 
-	Secondary Notification is delivered to the users in the Notification Area where the Warning Notification is expected to be distributed even under congestion situation.

This means that the UEs should be able to receive the primary notification of ETWS (located in SIB10) within 4 seconds, when PLMN operator receives the warning notification.
Current mechanism for ETWS/CMAS capable UEs in CE in RRC_CONNECTED to receive the ETWS/CMAS indication is that the network releases the UE to idle mode and pages the UE with the indication bit set. This causes increased signalling load and delay due to releasing UEs to idle mode, which can be a problem especially in deep coverage with high number of repetitions. This restriction is emphasized in massive MTC deployments, where there could be thousands of UEs, each of which should be released with dedicated signalling and acquire primary notification of ETWS within the 4s requirement.
Non-BL UEs are able to receive both MPDCCH/PDSCH and the paging message simultaneously in RRC_CONNECTED. Utilizing this capability would improve the efficiency for the ETWS/CMAS procedure by removing the need to release UEs to idle mode thus less signalling would be needed. However, this is not currently specified, and the only solution currently is to release the UE to RRC_IDLE as described above.
Observation 3 [bookmark: _Toc525846534][bookmark: _Toc525849262][bookmark: _Toc525862608][bookmark: _Toc525862701][bookmark: _Toc525887770][bookmark: _Toc1082430]Current mechanism of releasing the UEs to idle mode to receive the notification for ETWS/CMAS is inefficient for non-BL UEs in CE in RRC_CONNECTED.
RAN2 should study, whether the current mechanism meets the requirement for receiving the ETWS primary notification within 4 seconds in mMTC deployment. In 36.331, it is said about RRCConnectionRelease:
1>	for BL UEs or UEs in CE, delay the following actions defined in this sub-clause 1.25 seconds from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier;
To begin with, there is 1.25 second delay when receiving RRCConnectionRelease message, before the UE in CE begins the procedure for releasing the connection. In addition, the maximum number of repetitions on PDSCH, where the RRCConnectionRelease message is transmitted, is 32 repetitions in CE mode A and 2048 in CE mode B. This is added on top of the time it takes to wait for paging occasion depending on (e)DRX configuration (can already be configured longer than 4 seconds), acquiring the Direct Indication message with up to 256 repetitions on MPDCCH, and then acquiring system information (at least SIB1 for the scheduling information and SIB10 for the primary ETWS notification).
Observation 4 [bookmark: _Toc1082431]For worst case of CE mode B, it is challenging to meet the requirement of delivering primary ETWS notification to UEs in 4 seconds.
Observation 5 [bookmark: _Toc1082432]The longest possible eDRX cycle, i.e. 10.24 sec, is already longer than the 4 second requirement for delivering primary ETWS notification to UEs.
Therefore, RAN2 should come up with a more efficient solution to utilize the capability of such UE, i.e. non-BL UEs are capable of receiving both MPCCH/PDSCH and the paging message simultaneously. Below, 5 alternative solutions are presented, including the legacy mechanism.
1. Legacy mechanism: Release the UE(s) to idle and page
· Causes additional delay and signaling load due to connection release
· Increased UE power consumption as the UE may need to establish another connection at a later point to continue its data transmission.
2. Require UEs to monitor SI change/Paging in connected.
3. Require UEs to read Direct Indication in connected.
4. Broadcast ETWS/CMAS indication.
· Either use some existing broadcast or define a new one.
5. Dedicated signaling of ETWS/CMAS indication
· Either use some existing signaling or define a new one.
New solution with the least specification impact would be options 2 and 3, requiring the non-BL UEs to monitor either Paging or direct indication. This doesn’t directly require involving other working groups, as the legacy Paging/direct indication can be used. Using P-RNTI to broadcast the ETWS/CMAS indication would be the most efficient in terms of resource usage and delay when considering that a large number of UEs would be required to receive the indication. 
As discussed above, non-BL UEs are capable of monitoring for and receiving multiple messages simultaneously. As the UE is already in connected mode, the impact on power consumption doesn’t seem to be significant when additionally monitoring for this indication in certain occasions. The most straightforward mechanism is to re-use Paging/direct indication for this purpose, making non-BL UEs in CE in connected mode to monitor MPDCCH using P-RNTI during paging occasions, as the UE is already monitoring MPDCCH using C-RNTI. Paging/direct indication for this purpose would have minimal specification impact due to the etws-Indication and cmas-Indication bits already included in those messages. 
Earlier, monitoring MPDCCH using P-RNTI in connected mode has not been discussed extensively in 3GPP for eMTC, as the specification focus has been on low complexity UEs unable to monitor P-RNTI while simultaneously receiving/transmitting. As the focus of this WI objective is non-BL UEs with higher complexity, we think that the solution presented above suits well for the objective and has limited specification impact. As can be seen from extraction above, and from TS 36.331 section 6.6 Table 6.6-1, already today MPDCCH is used to transmit Direct Indication Information containing etws-indication and cmas-indication.
[bookmark: _Toc1085882]Non-BL UEs in CE in RRC_CONNECTED may support monitoring MPDCCH using P-RNTI during paging occasions.
Using dedicated signalling for the ETWS/CMAS indication would result in more overhead and possibly longer delay when large number of UEs need to be informed, as each UE would need to be informed separately (also separated in time/frequency). Also, more specification impact would be expected with these solutions. 
By broadcasting the indication in CSS, the aforementioned challenges can be avoided, as relevant UEs can be informed with broadcasted indication, reaching multiple UEs at once. Also, there is no need for UE capability signalling, since the capable UEs just simply monitor for the broadcast. Regarding the concerns about increased power consumption, TS 36.213 states the following for BL/CE UE 
A BL/CE UE shall monitor a set of MPDCCH candidates on one or more Narrowbands (described in Subclause 6.2.7 of [3]) as configured by higher layer signalling for control information, where monitoring implies attempting to decode each of the MPDCCHs in the set according to all the monitored DCI formats.
[bookmark: _GoBack]As this is applicable for BL/CE UE, we don’t think this would be a problem from non-BL UE. Already today, a device in CE mode A monitors both USS and Type0-CSS. Additionally, Direct Indication Information, which contains etws-indication and cmas-indication, is already transmitted in MPDCCH CSS using P-RNTI. Based on this, we prefer to reuse MPDCCH CSS for this specific case.
[bookmark: _Toc1085883]Non-BL UEs in CE in RRC_CONNECTED looking for etws-indication or cmas-indication monitor MPDCCH CSS using P-RNTI.
It is preferred to avoid large specification impact, and legacy LTE behaviour is similar, thus we believe that legacy behaviour can be reused in this case. 

Conclusion
In the previous sections we made the following observations: 
Observation 1	Current mechanism for acquiring SIB10/SIB11/SIB12 for ETWS/CMAS notification is sufficient for non-BL UEs in connected mode.
Observation 2	Currently, non-BL UEs in CE are not required to monitor for ETWS/CMAS indication in RRC_CONNECTED.
Observation 3	Current mechanism of releasing the UEs to idle mode to receive the notification for ETWS/CMAS is inefficient for non-BL UEs in CE in RRC_CONNECTED.
Observation 4	For worst case of CE mode B, it is challenging to meet the requirement of delivering primary ETWS notification to UEs in 4 seconds.
Observation 5	The longest possible eDRX cycle, i.e. 10.24 sec, is already longer than the 4 second requirement for delivering primary ETWS notification to UEs.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Non-BL UEs in CE in RRC_CONNECTED may support monitoring MPDCCH using P-RNTI during paging occasions.
Proposal 2	Non-BL UEs in CE in RRC_CONNECTED looking for etws-indication or cmas-indication monitor MPDCCH CSS using P-RNTI.
 

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]RP-182891, “Revised WID: Additional MTC enhancements for LTE”, Qualcomm Incorporated, RAN #82, December 10–13, 2018.
TS 36.300, Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2.
TS 36.304, Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) procedures in idle mode.
TS 36.101, Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception.
TS 36.331, Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification.
TS 22.168, Earthquake and Tsunami Warning System (ETWS) requirements; Stage 1.

	4/4	
