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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.



In RAN2#105 the following agreement was made:
Agreements
- SIBs for ETWS and CMAS are not provided via dedicated signaling.


In RAN2#106, the following working assumption was made:
Agreements
- Working assumption: In connected mode non-BL UEs in CE monitor MPDCCH to receive ETWS indication and/or CMAS indication using CSS in the same narrowband where unicast transmission can be received.


Also, an LS was sent to RAN1 asking to confirm the feasibility of the above working assumption.
As RAN2 is waiting for a reply from RAN1, other RAN2 aspects of ETWS/CMAS should be discussed and concluded. One of such is the requirement for receiving ETWS notification within 4 seconds, which is discussed in this paper.

[bookmark: _Ref178064866]2	Discussion
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 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. For CMAS there is no such requirement, however it is also used for alerting about emergencies, thus swift reception of the CMAS notification is also crucial.
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 using Direct Indication with the ETWS/CMAS 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 many UEs, each of which should be released with dedicated signalling and acquire primary notification of ETWS within the 4s requirement.
For non-BL UEs, RAN2 has agreed to support reception of ETWS/CMAS indication in RRC_CONNECTED, where the details of the mechanism used to transmit the indication are still FFS, and an LS has been sent to RAN1 to ask about the feasibility of the preferred solution last meeting. The preferred solution includes monitoring MPDCCH USS and CSS on the same narrowband during paging occasions to receive the possible ETWS/CMAS indication contained in Direct Indication message on MPDCCH CSS.
The total time to receive the primary notification of ETWS consists of:
1. Time it takes to wait for paging occasion depending on DRX configuration. 
2. Acquiring the Direct Indication message with up to 256 repetitions on MPDCCH.
3. Acquiring SIB1-BR for the scheduling information of SIB10 (and SIB11/SIB12).
4. Acquiring SIB10(-BR) for the primary ETWS notification.

According to the requirement, the four steps above should not take longer than 4 seconds.
For point 1, the maximum value of short DRX cycle is 640 subframes i.e. 0.64 seconds and long DRX cycle is 2560 subframes i.e. 2.56 seconds.  The longest values seem rather challenging towards the 4 second requirement.
When considering point 2, in CE mode A up to 16 MPDCCH repetitions take 0.016 seconds, while CE mode B up to 256 repetitions of MPDCCH takes up to 0.256 seconds.
Regarding point 3 above, acquisition of SIB1-BR may take up to 1.28 seconds in CE Mode A, and even longer than 1.28 seconds in CE Mode B, while in normal coverage up to around 0.5 seconds [7]. 
For point 4, acquisition time of SIB10 depends on the scheduling periodicity and the number of repetitions needed to acquire it correctly. Maximum number of repetitions on PDSCH for CE Mode A is 32 and for CE Mode B is 2048. Periodicity for SI messages can differ between the SI messages, with possible periodicities being {8, 16, 32, 64, 128, 256, 512} frames. SIB10 (and SIB11/SIB12) are only scheduled during an emergency, thus it can be assumed that network configures short periodicity in order to deliver the contents of SIB10/SIB11/SIB12 quickly. The contents of SIB10 would be less than 500 bits, and it can be estimated that acquiring SIB10 would take up to 0.25 seconds in CE Mode A, and up to 5 seconds in CE Mode B.
When combining the estimates above, the total time for delivering the primary ETWS notification can be seen from the table below.
Table 1 ETWS notification delivery time
	
	Long DRX
	MPDCCH
	SIB1-BR
	SIB10-BR
	SUM

	CE Mode A
	2.56 s
	0.016 s
	1.28 s
	0.25 s
	4.1 s

	CE Mode B
	2.56 s
	0.256 s
	> 1.28 s
	5 s
	> 9 s



As can be seen from the table above, the total time for delivering ETWS notification exceeds the requirement of 4 seconds slightly in the worst case for CE Mode A, while much more clearly for CE Mode B.
From above analysis it can be seen that DRX takes a large chunk of the total time. In areas where ETWS may be needed, if a shorter than the maximum value for long DRX would be used, such as 1.28 seconds instead of 2.56 seconds, the 4 second requirement for ETWS notification delivery can be met for CE Mode A. The following is stated in TS 36.331:
ETWS and/or CMAS capable UEs in RRC_CONNECTED, other than BL UEs and UEs in CE, shall attempt to read paging at least once every defaultPagingCycle to check whether ETWS and/or CMAS notification is present or not.
Thus, with smart configuration of defaultPagingCycle, the network can ensure that 4 second requirement for ETWS notification delivery can be met at least for UEs in CE Mode A.
[bookmark: _Toc7750004]With shorter than the maximum DRX cycle length, the 4 second requirement can be met for CE Mode A.
[bookmark: _Toc7750005]For CE Mode B, reaching the 4 second requirement for ETWS notification delivery is not possible.
Regarding follow-up for ETWS/CMAS for non-BL UEs, as mentioned in the Introduction, RAN2 has sent an LS to RAN1. For further discussion on that topic, RAN2 should wait for a reply from RAN1.
[bookmark: _Toc7750008]RAN2 to wait for a reply from RAN1 for further discussion on ETWS/CMAS in connected mode for non-BL UEs.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	With shorter than the maximum DRX cycle length, the 4 second requirement can be met for CE Mode A.
Observation 2	For CE Mode B, reaching the 4 second requirement for ETWS notification delivery is not possible.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to wait for a reply from RAN1 for further discussion on ETWS/CMAS in connected mode for non-BL UEs.
 

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]RP-190770, “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.
[bookmark: _Ref7446067]R4-1609696, “Simulation result for eMTC system information acquisition time”, Ericsson, RAN4#81, Reno, USA, November 14-18, 2016.

	4/4	
