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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1 #96bis [1] and RAN2 #105bis [2] meetings, the following agreements were achieved on coverage enhancement for non-BL UEs.
Agreements in RAN1#96bis meeting:
Agreement
CSI-RS based CSI feedback is only supported in TM9
The supported number of CSI-RS ports is only 8
Conclusion
No further discussion on the modification on the design or configuration for support of CSI-RS for non-BL CE UEs in CE mode A in Rel-16. The baseline is Rel-15 CSI-RS.
Agreement
For CSI feedback of non-BL CE UE, RI is fixed to 1 if it is included as part of reporting on PUCCH or PUSCH
Agreement 
MPDCCH and PDSCH are punctured around the REs used for the CSI-RS transmission.
Agreements in RAN2#105bis meeting:
- 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.
In this contribution, further considerations on coverage enhancement for non-BL UEs are provided.
Discussion 
UE demodulation performance requirements for 2 RX antennas
For BL UEs, in order to achieve low cost, a single receive RF chain is assumed. The coverage mechanism is common for both BL UEs in CE mode and non-BL UEs in CE mode. Therefore, UE demodulation performance requirement in coverage enhancement is based on a single receive RF chain.
However, compared to two receive RF chains supported by non-BL UE, about 4dB coverage loss can be envisaged for a single receive RF chain, which implies more repetitions especially in extreme channel condition. Since non-BL UEs definitely support 2 RX antennas, it is beneficial to support UE demodulation performance requirements for 2 RX antennas. With 2 RX antennas, the number of repetitions for DL reception can be significantly reduced, and resource utilization can be improved.
Proposal 1: UE demodulation performance requirements for 2 RX antennas are supported for non-BL UEs in coverage enhancement.
ETWS/CMAS in connected mode
RAN2 has agreed in #105bis meeting that 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. In addition, the following questions were arisen in the LS [3]:

RAN2 would like to know:
1. Whether it is feasible for a non-BL UE in CE in connected mode to monitor MPDCCH to receive ETWS indication and/or CMAS indication using CSS in the same narrowband where unicast transmission can be received?
2. Whether it is possible for a non-BL UE in CE in connected mode to monitor USS and CSS simultaneously in the same narrowband?
In the current specifications, type 0 CSS is just in the same narrowband where unicast transmission can be received and BL/CE UEs can monitor USS and type 0 CSS simultaneously.
Observation 1: It is feasible for a non-BL UE in CE in connected mode to simultaneously monitor USS and type 0 CSS, which is in the same narrowband where unicast transmission can be received.
Proposal 2: Send LS to RAN2 to answer that:
1. It is feasible for a non-BL UE in CE in connected mode to monitor MPDCCH to receive ETWS indication and/or CMAS indication using type0 CSS in the same narrowband where unicast transmission can be received.
2. It is possible for a non-BL UE in CE in connected mode to monitor USS and type0 CSS simultaneously in the same narrowband.
From RAN1 perspective, three options can be considered to notify the ETWS/CMAS considering RAN2 working assumption:
Option 1: By implementation, eNB releases the UE to idle mode.
Option 2: Support non-BL UEs to monitor the CSS for paging in connected mode.
Option 3: Using the DCI in USS or UE-group DCI format 3/3A in type 0 CSS.
For option 1, considering the latency requirement of ETWS/CMAS and the actual latency of hundreds of RRCConnectionRelease repetitions and MPDCCH repetitions for ETWS/CMAS notification, it is not efficient by implementation. Option 2 is a straightforward way, but it will require the UE to monitor both CSS for paging and USS which may be transmitted on two different narrowbands. So option 2 will waste a lot of energy and have big impacts on current specifications, which is not preferred. Option 3 offers an easier way to notify the ETWS/CMAS and has little impact on current specifications. Compared with UE-specific DCI, UE-group DCI format 3/3A in type 0 CSS is more efficient, which also coincides with the agreement in RAN2. 
For example, as shown in Figure 1, one of the multiple TPC commands in DCI format 3/3A is used for notifying the ETWS/CMAS reception and will not be configured to any UEs as TPC command. 
[image: ]
[bookmark: _Ref6912782]Figure 1. Using DCI format 3/3A for notifying ETWS/CMAS reception
Proposal 3: DCI format 3/3A in type0 CSS is used to notify the ETWS/CMAS reception for connected mode non-BL UEs in coverage enhancement.
	Conclusions
In this contribution, further considerations on coverage enhancement for non-BL UEs are given, and following observation and proposals are provided:
Observation 1: It is feasible for a non-BL UE in CE in connected mode to simultaneously monitor USS and type 0 CSS, which is in the same narrowband where unicast transmission can be received.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: UE demodulation performance requirements for 2 RX antennas are supported for non-BL UEs in coverage enhancement.
Proposal 2: Send LS to RAN2 to answer that:
1. It is feasible for a non-BL UE in CE in connected mode to monitor MPDCCH to receive ETWS indication and/or CMAS indication using type0 CSS in the same narrowband where unicast transmission can be received.
2. It is possible for a non-BL UE in CE in connected mode to monitor USS and type0 CSS simultaneously in the same narrowband.
[bookmark: _GoBack]Proposal 3: DCI format 3/3A in type0 CSS is used to notify the ETWS/CMAS reception for connected mode non-BL UEs in coverage enhancement.
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