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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.


The problem of receiving ETWS/CMAS indication in connected mode for non-BL UEs in CE mode has been acknowledged in RAN2 and RAN2 is working on solution on this problem. However, 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 this paper we discuss the implementation aspects of such.

[bookmark: _Ref178064866]2	Discussion
In previous meetings, RAN2 has discussed the possible solution to make it possible for non-BL UEs in CE to receive ETWS/CMAS in RRC_CONNECTED.
Currently, Direct Indication Information, which contains etws-indication and cmas-indication, is transmitted in MPDCCH CSS using P-RNTI, which is monitored by BL/CE UEs in idle mode.
Monitoring MPDCCH using P-RNTI in connected mode has not been required for BL UES or UEs in CE so far since the intention was to have a shared behaviour and BL UEs are not able to monitor P-RNTI while simultaneously receiving/transmitting. As the focus of this WI objective is non-BL UEs in CE, it should be taken into account that such UEs are capable of monitoring multiple narrowbands simultaneously. 
The debate in RAN2 has been on whether MPDCCH CSS or USS should be used to receive ETWS and/or CMAS indications for non-BL UEs in CE in connected mode. Using dedicated signalling for the ETWS/CMAS indication would result in overhead and possibly additional delay depending on the number of UEs to be informed, as each UE would need to be informed separately (also separated in time/frequency). This can result in scheduling difficulties for the eNB, additionally considering that some UEs may require many MPDCCH repetitions to be reached.  
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. 
By definition, non-BL UE in CE should be capable of monitoring for and receiving multiple messages, and multiple narrowbands simultaneously. Monitoring multiple narrowbands may mean that the UE needs to use wideband receiver instead of narrowband receiver, resulting in additional power consumption. However, typically the time spent in connected mode is not very long for such UEs, thus it can be argued that power saving potential in connected mode from e.g. using narrowband receiver as opposed to wideband receiver during paging occasions is relatively low. After all, the main power saving comes from the time the UE does not need to listen/monitor anything at all (PSM and/or long eDRX in idle mode).
Direct Indication Information, which contains etws-indication and cmas-indication, is transmitted in MPDCCH CSS using P-RNTI. Based on this, we prefer using MPDCCH CSS, as in legacy, for this specific case.
[bookmark: _Toc4711388]Non-BL UEs in CE in connected mode monitor MPDCCH CSS to receive etws-indication and/or cmas-indication
For using MPDCCH CSS, there are still few options, as there are several common search spaces, namely Type-0 CSS and Type-1 CSS, as discussed below.
2.1	Monitoring Type-1 CSS 
Currently Type-1 CSS is only monitored in idle mode, and it uses DCI format 6-2, which contains the direct indication field including etws-indication and cmas-indication. DCI format 6-2 is monitored using P-RNTI and this informs UEs in idle mode about ETWS/CMAS information update. 
The most straightforward mechanism, i.e. same as in legacy, is to use Paging/direct indication, making non-BL UEs in CE in connected mode monitor MPDCCH Type-1 CSS using P-RNTI in the UE’s paging narrowband/carrier during UE’s paging occasions. Using the existing DCI format 6-2 Paging/direct indication for this purpose would have minimal specification impact since etws-Indication and cmas-Indication bits are already available.
Monitoring of Type-1 CSS in connected mode can be implemented in two ways: UEs monitor both, Type-1 CSS and its designated USS in connected mode, which they should be capable of at the expense of additional power consumption. Another option is to introduce specified UE behaviour so that the UE switches from the monitoring of USS to monitoring Type-1 CSS during paging occasions in order to see whether etws-indication/cmas-indication have been signalled. This allows the UE to always monitor only one narrowband at a time, thus having lower power consumption to the other presented alternative. On the other hand, this would mean scheduling restriction for the eNB since the UE would not be able to monitor USS when monitoring during the paging occasion. 
[bookmark: _Toc4711383]Monitoring for Type-1 CSS during paging occasion in connected mode is possible via either wideband or narrowband.

2.2	Monitoring Type-0 CSS 
Type-0 CSS is currently monitored only in CE Mode A and using DCI format 3 and could be also used for the purpose of delivering etws-indication and/or cmas-indication. As UEs are already required to monitor Type-0 CSS in connected mode, they would have no need to switch to monitor another narrowband and would only need to monitor one narrowband at all time in RRC_CONNECTED. The indications can then be delivered to multiple UEs simultaneously. To introduce such mechanism, either old DCI format 3 used in Type-0 CSS is modified or new DCI format is introduced. Also, Type-0 CSS support would need to be defined for CE Mode B. These details are up to RAN1. 
[bookmark: _Toc4711384]Monitoring Type-0 CSS combines benefits of monitoring Type-1 CSS and USS with respect to use of network resources and the need to monitor multiple narrowbands/carriers: UE can continue monitoring same narrowband and time/frequency resources for ETWS and/or CMAS indication.
The pros and cons of different alternatives are summarized in the table below:
Table 1 Comparison of different alternatives for delivering etws-indication/cmas-indication to non-BL UEs in in CE in connected mode.
	
	Pros
	Cons

	USS
	· UE may use narrowband receiver the whole time, thus resulting in lower power consumption.
· No need to switch between narrowbands, as everything is on the same narrowband.
· Future proof in case the same behaviour would be implemented for BL UEs as well.
	· High specification impact, requires involving RAN1.
· Potentially high resource usage when etws-indication/cmas-indication is signalled, as each UE require their own resources, which may result in delay to delivering the indication to all UEs.

	Type-1 CSS (Wideband)
	· Minimal specification impact, as existing mechanism for etws-indication/cmas-indication can be reused, RAN1 involvement not necessarily needed.
· Efficient resource usage, as multiple UEs can be signalled with one broadcasted transmission, thus the indication can still be delivered to all UEs rather quickly.
	· UE may need to monitor multiple narrowbands at once during paging occasions, which may require using wideband receiver and results in higher power consumption.

	Type-1 CSS (Narrowband)
	· Moderate specification impact, no need to involve RAN1.
· UE may use narrowband receiver the whole time, thus resulting in lower power consumption.
· Future proof in case the same behaviour would be implemented for BL UEs as well.
· Low delay and low resource usage, as multiple UEs can be signalled with one broadcasted transmission.
	· Requires specifying the UE behaviour in the specifications for certain UEs capable for this mechanism.
· Causes some scheduling restrictions which would need to be handled via network implementation, as the UE can’t monitor USS during Paging Occasions.
· Network needs to be aware which UEs are capable/implementing this feature, thus UE capability needs to be signalled and tracked.
· UE would still need to jump monitoring different narrowband during paging occasions, possibly causing some delay, slightly increased power consumption, and disruptions in data reception/transmission during active time.


	Type-0 CSS
	· UE may use narrowband receiver the whole time, thus resulting in lower power consumption.
· Future proof in case the same behaviour would be implemented for BL UEs as well.
· Low delay and low resource usage, as multiple UEs can be signalled with one broadcasted transmission.
· No need to switch between narrowbands, as everything is on the same narrowband.
	· Relatively high specification impact, requires involving RAN1.
· Support for Type-0 CSS in CE Mode B needs to be implemented.



As these solutions require RAN1 expertise and some have RAN1 impact, RAN1 should be asked for input on which solution is preferred.
[bookmark: _Toc4711389]Send an LS to RAN1 whether it is feasible to use Type-0 CSS to send etws-indication and/or cmas-indication to non-BL UEs in CE in connected mode
2.3	Additional repetitions of SI
When etws-indication/cmas-indication has been sent, many UEs are expected to try to acquire system information, specifically SIB10-BR/SIB11-BR/SIB12-BR and MIB and SIB1-BR. It would be beneficial for these UEs to acquire the system information as quickly as possible, therefore the relevant SI, e.g. MIB, SIB1-BR can be transmitted with more repetitions than configured otherwise. Sending more repetitions than configured otherwise for a limited time, i.e. after ETWS and/or CMAS indication has been sent can help UEs in CE to accumulate and acquire the relevant system information faster. 
This could be realized by defining a factor parameter, which would then be applied to the number of repetitions of the system information transmissions for a preconfigured time starting from when ETWS and/or CMAS indication has been sent. This would be backwards compatible, as the originally configured repetitions would still be in place, but more repetitions would be added between the original repetitions. However, this feature should be independent of ETWS/CMAS support and optionally configurable.
[bookmark: _Toc4711390]Additional repetitions for system information required to acquire SIBs containing ETWS and/or CMAS related parameters may be provided for a preconfigured time.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Monitoring for Type-1 CSS during paging occasion in connected mode is possible via either wideband or narrowband.
Observation 2	Monitoring Type-0 CSS combines benefits of monitoring Type-1 CSS and USS with respect to use of network resources and the need to monitor multiple narrowbands/carriers: UE can continue monitoring same narrowband and time/frequency resources for ETWS and/or CMAS indication.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Non-BL UEs in CE in connected mode monitor MPDCCH CSS to receive etws-indication and/or cmas-indication
Proposal 2	Send an LS to RAN1 whether it is feasible to use Type-0 CSS to send etws-indication and/or cmas-indication to non-BL UEs in CE in connected mode
Proposal 3	Additional repetitions for system information required to acquire SIBs containing ETWS and/or CMAS related parameters may be provided for a preconfigured time.
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