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Discussion and decision
1 Introduction

In RAN plenary # 80 meeting, following objectives for Rel-16 eMTC WI have been approved.
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]

· 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

In this contribution, we discuss the options for non-BL UEs operating in CE mode to acquire the ETWS/CMAS information in connected mode.
2 Discussion
Non-BL UEs operating in BR/CE mode are not required to monitor the USS and CSS MPDCCH (type-1 and type-2) simultaneously when in connected mode, therefore these UEs do not monitor P-RNTI in the MPDCCH to receive any paging message in connected mode. Currently, if network wants to send the ETWS/CMAS notification to UEs operating in CE mode, then it will have to release all the UEs to IDLE mode and send the notification using paging in MPDCCH with CRC scrambled with P-RNTI in the paging occasion. After receiving the notification, UE has to acquire the latest SIB10/11/12. This method would incur additional signalling overhead, delay, radio resources and UE power consumption in receiving the notification. It may also disrupt unicast traffic. On the other hand, non-BL UEs are capable of receiving paging message in connected mode when operating in WB mode. 

Observation 1. When operating in WB mode, non-BL UEs in connected mode are capable of receiving ETWS/CMAS notification but when operating in CE mode, legacy solution requires to move these UE into IDLE mode to receive the ETWS/CMAS notifications. This incurs additional signalling, delay, radio resource and UE power consumption.

The following sections describe possible mechanisms that would allow a non-BL UE in CE mode while in RRC_CONNECTED to receive ETWS/CMAS information. The discussion is divided into two steps: 1) mechanisms to notify of the ETWS/CMAS and 2) mechanisms to convey the actual ETWS/CMAS information.
2.1 ETWS/CMAS notification 
The following options could be considered to notify a non-BL UE in CE mode and RRC_CONNECTED about the ETWS/CMAS information to come:
Option # 1.1: unicast notification of ETWS/CMAS
Option 1.1.a. Unicast MPDCCH: New DCI format or updated legacy DCI format may be needed. RAN1 impact foreseen.

Option 1.1.b. Unicast PDSCH: new or updated RRC message or MAC CE can be used for the ETWS/CMAS notification. This notification can be implicit (e.g. if the actual RRC Msg or MAC CE already carries the ETWS/CMAS information itself) or explicit (e.g. conveying an indication for the UE to acquire SIB10/11/12 or conveying the scheduling information of SIB10/11/12 for the UE to acquire them).

Option # 1.2: broadcast notification of ETWS/CMAS
Option 1.2.a. Broadcast MPDCCH: Use P-RNTI or other cell-specific RNTI with possible impact to DCI format. A new DCI format could be used to indicate the scheduling information of SI. RAN1 impact foreseen.

The benefit of option #1.1 (i.e. unicast notification of ETWS/CMAS) is that network does not need to wait for paging occasion to send the notification (i.e. faster notification to the UE). Legacy UE behaviour is not impacted (as UE does not require to receive broadcast signal when in connected mode). The disadvantage is that this requires network additional effort to send the same information (i.e. ETWS/CMAS notification) to each UE operating in CE mode A and B (as dedicated mechanism is used) which would be even worse if large number of UEs are operating in CE mode B (due to all the required repetitions). 
Observation 2. If dedicated signalling is used for the CMAS/ETWS notification in connected mode, UE behaviour is not impacted and notification can be sent faster, however it results in further signalling overhead as UEs are notified individually.
The benefit of option #1.2 (i.e. broadcast notification of ETWS/CMAS) is that a group of UEs can be notified at the same time. However, the additional complexity is that non-BL UE in CE may need to perform additional blind decoding (BD) trials of MPDCCH scrambled e.g. with P-RNTI (i.e. UE has to monitor also CSS in RRC-Connected mode). However, for non-BL UEs, performing additional few BD trials (for type-2 CSS) in CE mode may not be major issue. Some optimization could also be performed to avoid the additional BD trials, for example, monitoring only MPDCCH scrambled with P-RNTI at a certain POs. 
Given that this solution is applicable to only Rel-16 non-BL UEs and ETWS/CMAS notification is not a frequent event, option 1.1.b can be considered (i.e., any change in DCI format or additional BDs with impact to RAN1 may not be necessary).
Observation 3. Broadcast signal is the efficient way of sending ETWS/CMAS notification to UEs, however, possible issue with the design of DCI and optimization for limiting number of blind decoding trials in connected mode needs to be further studied. 
The decision on which notification option to use also depends on the corresponding procedure to acquire the ETWS/CMAS information.

2.2 ETWS/CMAS information
For non-BL UE operating in CE mode in connected mode, following options can be considered to acquire the ETWS/CMAS information. It is important to highlight that if SIB10/11/12 needs to be acquired, the UE may not have up to date SI scheduling information (as a UE in CE is not required to have up to date MIB/SIB(s)).
Option#2.1: Acquire broadcast SIB10/11/12

Option 2.1.a. Follow legacy procedure (acquire latest scheduling of SIB 10/11/12 and acquire the information). The ETWS/CMAS notification could be conveyed via any of the mechanism described in section 2.1 (options #1.1.a, #1.1.b, #1.2).
Option 2.1.b. Using scheduling information of SIB1-BR or SIB10/11/12 provided by unicast (option #1.1.b) or broadcast notification (option#1.2.a)
Option#2.2: Acquire copy of SIB10/11/12 

Option 2.2.a. Unicast: RRC message or MAC CE (new or updated) provides the ETWS/CMAS information e.g. including SIB10/11/12. There is no need to have explicit ETWS/CMAS notification (options #1.1.b via implicit mechanism).

Option 2.2.b. Broadcast: new or updated broadcast message (e.g. paging-like message class extension, SI-like message). The advantage of defining a copy of SIB10/11/12 is that the information could potentially be sent in any narrowband which could help for parallel unicast transmissions. The ETWS/CMAS notification could be conveyed via any of the mechanism described in section 2.1 (options #1.1.a, #1.1.b, #1.2).
The PBCH for UEs in enhanced coverage is broadcast in the central 72 carriers as in LTE and are independent of the narrowband allocated to UEs. With option#2.1.a, UE may have to acquire the MIB and SIB1-BR because UE may not be aware of the change in system information and have the updated schedule of SIB10/11/12. This could take a long time which is not desirable when in connected mode. If ETWS/CMAS notification itself can provide the scheduling information of SIB10/11/12 (e.g., narrowband, periodicity and TBS size) or SIB1-BR, UE can save power by avoiding the acquisition of MIB and SIB1-BR or MIB only, as per option #2.1.b.

Observation 4. After receiving ETWS/CMAS notification, UE can follow procedure to acquire the SIB10/11/12 which may require for UEs to acquire MIB or SIB1-BR (as per option #2.1.a). An optimization can be done by providing the scheduling information of SIB in the notification (as per option #2.1.b with option#1.1.b).

In option#2.2, network may provide a separate copy of SIB 10/11/12 in unicast or broadcast PDSCH scheduled by either broadcast signalling or dedicated signalling with legacy gap between PDCCH an PDSCH. Due to larger signalling overhead of unicast PDSCH, broadcast PDSCH could be preferred for this option. The broadcast PDSCH (with P-RNTI or other RNTI) can be scheduled at the beginning of a notification period. However, if the PDCCH monitoring and PDSCH broadcast are in different narrowband, UE could not monitor the PDCCH at the beginning of the notification period even no broadcast PDSCH is scheduled. 
The benefit of option#2.2 is UE acquires the ETWS/CMAS information directly reducing the acquisition delay. However, network has to send a separate copy of information to UEs in IDLE mode and non-BL UEs in CE in connected mode.
Observation 5. After receiving the ETWS/CMAS notification, network may provide a separate copy of SIB10/11/12 for UEs in connected mode (via dedicated signaling, option 2.2.a, or broadcast, option 2.2.b). This may be beneficial for UE as it may continue with its unicast traffic in the configured NB, while it may be additional burden for network side.

2.3 Comparison of different approaches

Based on the observation made above, the possible options to receive the ETWS/CMAS notification in connected mode can be summarized in the Table 1.
Table 1 Comparison of different options to acquire ETWS/CMAS in connected mode.

	Notification
	Acquisition
	RAN1 impact
	Additional Signalling overhead
	Acquisition delay / UE power
	UE impact: complexity

	Unicast DCI
Option 1.1.a
	Follow legacy procedure
Option 2.1.a
	High
	High
	High
	Low

	Unicast RRC/MAC
Option 1.1.b
	
	None
	High
	High
	Low

	Broadcast
Option 1.2.a
	
	High
	Low
	High
	High

	Unicast DCI
Option 1.1.a
	Use scheduling information of SIB provided in the notification
Option 2.1.b
	High
	High
	Low
	Low

	Unicast RRC/MAC
Option 1.1.b
	
	None
	High
	Low
	Low

	Broadcast
Option 1.2.a
	
	High
	Low
	Low
	High

	Unicast
Option 1.1
	Broadcast PDSCH:

 New or updated paging message or SI message as scheduled by the notification
Option 2.2.b
	High
	High
	low
	High

	Broadcast
Option 1.2.a
	
	High
	low
	low
	High

	Unicast DCI
Option 1.1.a
	Unicast PDSCH: 

new or updated RRC message or MAC CE to acquire a copy
Option 2.2.a
	None
	High
	low
	Low

	N/A
	Broadcast:

PDSCH (or new SI message)
Option 2.2.b
	High
	Low
	low
	High


From the Table 1, no solution would be perfect in every aspect. However, following the legacy procedure would take longer time to acquire the SIB10/11/12 which might not be preferred given that dedicated PUCCH resources for UEs in connected mode are occupied. 
Unicast notification can be optimized by avoiding to acquire the MIB or SIB1-BR to receive the latest scheduling of the SIB10/11/12 given the fact that UEs are still not required to detect any system information change in connected mode. This would also benefit network as it does not have to provide a separate copy of the SIB10/11/12 to the UEs in connected mode. Given the size of scheduling information of SIB10/11/12, RRC message or MAC CE can be considered for providing notification in order not to impact the other working group given the fact that this ETWS/CMAS notification event is not frequent event. This would also be much better than the existing solution of moving the UEs to IDLE mode.
Observation 6. Unicast notification based on RRC message or MAC CE would have least impact to 1) UE with no additional BD requirements, 2) other working group for not having need to define new DCI format for such infrequent event and 3) to network for reusing the broadcast SIB10/11/12.

Observation 7. With unicast notification of ETWS/CMAS, further optimization to reduce the acquisition delay and power consumption can be done by providing the scheduling information of SIB.
It is important to consider the fact that this solution is only applicable to Rel-16 non-BL UEs and is also not used for system information change notification. Large specification impact and UE complexity should be avoided where possible, for example, designing a new DCI format only for this purpose is not necessary. For example, currently network can provide the SIB1-BR in RRC reconfiguration message when it wants. The SIB1-BR can indicate the scheduling of SIB10/11/12.
Proposal 1. To discuss whether UE in RRC_CONNECTED receives the ETWS/CMAS information via (1) new dedicated signalling, or (2) legacy SIB10/11/12 or (3) new copy of SIB10/11/12 broadcasted in the UE's configured PRBs.
3 Conclusion

The observations captured are the following:
Observation 1.
When operating in WB mode, non-BL UEs in connected mode are capable of receiving ETWS/CMAS notification but when operating in CE mode, legacy solution requires to move these UE into IDLE mode to receive the ETWS/CMAS notifications. This incurs additional signalling, delay, radio resource and UE power consumption.
Observation 2.
If dedicated signalling is used for the CMAS/ETWS notification in connected mode, UE behaviour is not impacted and notification can be sent faster, however it results in further signalling overhead as UEs are notified individually.
Observation 3.
Broadcast signal is the efficient way of sending ETWS/CMAS notification to UEs, however, possible issue with the design of DCI and optimization for limiting number of blind decoding trials in connected mode needs to be further studied.
Observation 4.
After receiving ETWS/CMAS notification, UE can follow procedure to acquire the SIB10/11/12 which may require for UEs to acquire MIB or SIB1-BR (as per option #2.1.a). An optimization can be done by providing the scheduling information of SIB in the notification (as per option #2.1.b with option#1.1.b).
Observation 5.
After receiving the ETWS/CMAS notification, network may provide a separate copy of SIB10/11/12 for UEs in connected mode (via dedicated signaling, option 2.2.a, or broadcast, option 2.2.b). This may be beneficial for UE as it may continue with its unicast traffic in the configured NB, while it may be additional burden for network side.
Observation 6.
Unicast notification based on RRC message or MAC CE would have least impact to 1) UE with no additional BD requirements, 2) other working group for not having need to define new DCI format for such infrequent event and 3) to network for reusing the broadcast SIB10/11/12.
Observation 7.
With unicast notification of ETWS/CMAS, further optimization to reduce the acquisition delay and power consumption can be done by providing the scheduling information of SIB.

Based on the observations, following is proposed:
Proposal 1.
To discuss whether UE in RRC_CONNECTED receives the ETWS/CMAS information via (1) new dedicated signalling, or (2) legacy SIB10/11/12 or (3) new copy of SIB10/11/12 broadcasted in the UE's configured PRBs.


