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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1 #96, #95 and #94bis meetings, the following agreements were achieved on coverage enhancement for non-BL UEs.
Agreements in RAN1#94bis meeting:
Agreement 
Dual-layer transmission is not supported for non-BL UEs in CE mode B
Agreement 
CSI-RS based CSI feedback is not supported for non-BL UEs at least in CE mode B
Further, the following agreements were made based on the email discussion for evaluation parameters for dual layer transmission simulations.
Agreements:
1. T-put performance metric based on Rank 1 and Rank 2 will be shown by Hull-curve against SNR according to the simulation parameters given in Table 1 
0. The SNR range is to be discussed, aiming to conclude in RAN1#95 
0. In proposing the SNR range, companies are encouraged to check the WID and perform appropriate analysis considering relevant aspects related to non-BL & CE mode A
Table 1. Link-level simulation parameters for Dual-layer transmission for non-BL UEs in CE mode A
	Parameter
	Value

	Frequency
	700MHz

	Channel
	EPA with low correlation according to Table B.5.2-2 in TS 36.104

	eNB Antenna configurations
	4 Tx, Cross-polarization: +/-45 degrees

	UE configurations
	Speed: 1km/h

	
	2 Rx with X-polarized: 0/+90 degrees

	Traffic load
	Full Buffer

	Transmission scheme
	TM9 with fixed rank

	PDSCH
	6 RBs with 1, 2, 4, and 8 repetitions

	corReceiver
	Non-Ideal DMRS channel estimation and interference estimation 

	
	LMMSE-IRC receiver

	Overhead
	2 symbols for DL CCHs, 2 CRS ports and 2 DM-RS ports

	CSI/Precoding
	No rank adaptation (Rank 1 and Rank 2)
Fixed CQI and feedback wideband PMI with periodicity of 10msec (Channel reciprocity property in TDD system can be used for DL PMI adjustment)

	Rate control
	Target 10% BLER after 1st transmission

	Cyclic prefix
	Normal CP



Agreements in RAN1#95 meeting:
Agreement
Companies are encouraged to evaluate DL performance with CSI-RS based CSI feedback for non-BL UE in CE mode A including
by comparing downlink throughput performances based on
CRS-based CSI feedback
The current CSI-RS based CSI feedback (detailed configuration of CSI-RS is up to company, including new CSI-RS design, if any)
under the simulation assumption in Table 1 used for the performance comparison between Single- and Dual-layer transmissions with the following updates
Rank 1
CQI adaptions are enabled
Periodic CSI feedback Mode 1-1 is applied with periodicity of 10msec
Aperiodic CSI feedback
Agreements in RAN1#96 meeting:
Agreement
Existing Rel-15 CSI-RS based CSI feedback is supported for non-BL CE UEs operating CE mode A. FFS on:
· The number of CSI-RS ports
· CSI feedback mechanism
· Resource assignment issue due to REs used for CSI-RS

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 may support 2 RX antennas, it is beneficial to support UE demodulation performance requirements for 2 RX antennas. With 2 RX antenna, 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
In LTE, ETWS/CMAS is notified by the Paging message for both RRC_IDLE and RRC_CONNECTED modes. However, BL/CE UEs are not allowed to monitor CSS for Paging in connected mode. In that case, BL/CE UEs in connected mode may miss the ETWS/CMAS notification and reception. Three options can be considered to notify the ETWS/CMAS:
Option 1: Implementation method: 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.
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 may not be very efficient using the implementation method. 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 not be efficient and have big impact on current specifications, which is not preferred. Option 3 offers an easy way to notify the ETWS/CMAS and has little impact on current spec. Compared with UE-specific DCI, UE-group DCI format 3/3A is more efficient. 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: ]
Figure 1. Using DCI format 3/3A for notifying ETWS/CMAS reception
Proposal 2: Using DCI format 3/3A 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 proposals are provided:
[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: Using DCI format 3/3A to notify the ETWS/CMAS reception for connected mode non-BL UEs in coverage enhancement.
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