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Discussion and decision
1 Introduction
The Rel-16 work-item for eMTC [1] enhancements include the following objective for Extreme Coverage for non-BL UEs [RAN1, RAN2, RAN4]:
· ETWS/CMAS in connected mode

3GPP specifications do not provide a definition for non-BL UE hence to aid the discussion sourcing company assumes the following minimum capability of a non-BL UE:

1. Supports full receiver bandwidth of 20MHz.

2. Supports FDD-FD (i.e. can receive and transmit simultaneously).
The eMTC feature was defined with BL UE in mind and the functionality offered by this feature was extended to be possible by an LTE UE when it operates in extended coverage. The reason was to leverage eMTC specification for the LTE UEs operating in extended coverage and accept the limitations of eMTC specification.
In RAN2 #103bis during discussion of Tdoc R2-1814062 and R2-1814598 two aspects became clear:

· Providing ETWS/CMAS information via unicast is not desirable.

· Requiring non-BL UE to monitor for paging in connected (aka monitor common search space) will increase power consumption for UEs supporting this feature.
In this contribution, we present our initial views on possible ways to support reception of public warning messages such as ETWS and CMAS by a non-BL UE operating in connected mode in CE Mode A or CE Mode B.

2 ETWS and CMAS requirements in connected mode

To receive ETWS/CMAS in idle/connected mode requires the UE to follow three steps:
Step 1: Receive indications that ETWS and/or CMAS is being broadcasted.

· For UE in normal coverage mode (i.e. not in CE Mode A nor in CE Mode B), these indications can be sent in Paging message. A UE in CE is not able to monitor for paging in connected mode hence such UE is unable to receive ETWS indication. In idle mode, A BL UE and UE in CE is able to receive ETWS/CMAS indication on MPDCCH (see 6.6 of [4])
Step 2: Receive SIB1 to determine scheduling information for SIBs carrying ETWS and/or CMAS.

· While UE in normal coverage is able to receive broadcasted SIB1 in connected mode, UE in CE is not. UE in CE could receive SIB1-BR (contained in systemInformationBlocktype1Dedicated) in connected mode but it requires unicast delivery method (i.e. RRCConnectionReconfiguration message) instead of broadcast.
Step 3: Receive appropriate SIBs carrying ETWS primary notification (SIB 10), ETWS secondary notification (SIB 11) and/or CMAS (SIB 12).

· As with SIB1, UE in normal coverage mode is able to receive other SIBs in connected mode, UE in CE is not.

For ETWS, the time for E-UTRAN to deliver the primary notification is 4 seconds (see section 5.2 of [2]). This means steps 1, 2 and part of 3 needs to be completed within 4 seconds.
3 Potential solution
3.1 Use full bandwidth to receive paging in connected mode

The main issue with UE in CE is that UE is configured to receive 1 narrowband (1.4MHz). As UE in CE actually has the capability to receive full bandwidth, UE can autonomously use this to receive MPDCCH on common search space associated with its’ own paging occasion. Once UE receives ETWS and/or CMAS indication it can then use the wideband receiver to receive SIB1-BR and subsequently other relevant SIBs. But a larger receiver bandwidth requires more power hence it is not desirable to always operate UE in wide bandwidth (e.g. 20 MHz) when in CE mode. Furthermore, UE in CE would need to handle the case where MPDCCH for common search space overlaps with MPDCCH for UE specific search space and this behavior is not currently required for UE in CE. 
From Release 14, UE in CE can also support reception of larger bandwidths (e.g. 5 MHz, 20MHz). The power impact could be minimized by only configuring the UE to use full bandwidth and start to decode MPDCCH on common search space when eNB needs to transmit ETWS/CMAS. However, this has following impacts: (1) increasing connected mode unicast signaling when ETWS/CMAS is to be delivered, (2) it will add delay to reception of ETWS and (3) requires UE in CE to support full downlink system bandwidth (20 MHz). Furthermore, it may still require UE to be able to blindly detect if MPDCCH is for CSS or USS if the two search spaces overlap.
Alternative solution is for network to release all UEs to idle mode when CMAS and/or ETWS is in progress. Problem with this approach is that these UE’s could initiate a new RRC connection before they have received the appropriate warning message hence there may be a need for a new RRC connection release cause to instruct the UE not to initiate a new RRC connection till it has received the required warning message. Furthermore, eNB may need to know which UEs in connected mode need to receive ETWS/CMAS message (e.g. a UE used for human commination) and which UEs do not (e.g. a security camera) to avoid sending UEs to idle when not appropriate. ETWS and CMAS messages are primarily intended for human users and not for M2M devices.
The following section considers an optimisation to overcome the limitations described in this section.

3.2 ETWS/CMAS indication on UE specific search space

To avoid the need for UE in CE to monitor more than one narrowband unless there is a need, it is proposed that MPDCCH for USS be extended to carry ETWS and/or CMAS indications. Once UE receives a direct indication for ETWS or CMAS then UE can switch to wide-band receiver mode (e.g. 20MHz) and receive the necessary SIBs carrying the warning messages. The power penalty associated with wide-band receiver in CE mode is limited to the case where it is absolutely necessary. Furthermore, UE does not need to blindly detect if MPDCCH being transmitted by eNB is for USS or CSS.
Proposal 1: Include ETWS and/or CMAS indication on MPDCCH for USS and request RAN1 to study and, if possible, make this change. 

Proposal 2: Add UE capability that UE supports reception of ETWS/CMAS indication on MPDCCH for USS. This will enable eNB to use the appropriate MPDCCH for USS.
3.2.1 ETWS delivery time in connected mode

This section evaluates the time for UE to receive the ETWS primary notification. The assumption in the evaluation is that the time to receive SIB1-BR followed by SIBs carrying ETWS/CMAS information is the same as for idle mode.
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Figure 1:  Primary notification delivery time
SIB1-BR has a fixed periodicity of 80ms with repetitions happening within the 80ms. Therefore, the worst-case delay is UE missed start of SIB1-BR hence has to wait 80ms till next SIB1-BR period. In practice UE could start to acquire SIB1-BR from the next repetition hence the actual delay before UE starts to acquire SIB1-BR would be less than 80ms.

The periodicity of SIB-10 is determined by si-Periodicity, which has a largest value of 5120ms (512 radio frames) while duration for SIB-10 acquisition is determined by si-WindowLength-BR-r13, which has the largest value of 200ms. 

Table 1 Worst-case time to receive ETWS indication
	Activity
	Duration (ms)

	MPDCCH-USS
	256

	SIB1-BR
	80

	SIB1 delay
	80

	SIB10
	200

	SIB10 delay
	5120

	Total
	5736


Note that from the moment UE receives ETWS indication the time it takes to receive ETWS primary notification is the same for idle or connected UE and this is largely determined by SI periodicity. Given that periodicity of 5120ms exceeds the time to deliver primary ETWS notification, a more reasonable value for SI periodicity is 2560ms thus giving a total worst-case time for UE to receive primary ETWS notification of 3176. Of course, this means UE must be able to decode SIB-10 by accumulation within one SI window.
Observation 1: UE takes same amount of time to receive ETWS primary notification in both idle and connected mode once it receives the ETWS indication on MPDCCH.
Observation 2: Time to deliver primary ETWS notification can be meet provided SI periodicity is 2560ms or shorter and UE is able to decode SIB-10 within one SI window.
4 Summary

This document considers the implications to receive ETWS/CMAS messages by a UE in CE in connected mode and make following proposals.
Observation 1: UE takes same amount of time to receive ETWS primary notification in both idle and connected mode once it receives the ETWS indication on MPDCCH.

Observation 2: Time to deliver primary ETWS notification can be meet provided SI periodicity is 2560ms or shorter and UE is able to decode SIB-10 within one SI window.

Proposal 1: Include ETWS and/or CMAS indication on MPDCCH for USS and request RAN1 to study and, if possible, make this change. 

Proposal 2: Add UE capability that UE supports reception of ETWS/CMAS indication on MPDCCH for USS. This will enable eNB to use the appropriate MPDCCH for USS.
Proposal 3: Send LS to RAN1 that to support ETWS/CMAS reception in connected mode, USS needs to provide ETWS/CMAS direct indication same as for CSS. A draft LS for this is provided in [5].
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