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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1 #94 meeting, the following agreements were concluded on coverage enhancement for non-BL UEs [1].
Agreement
[bookmark: OLE_LINK125][bookmark: OLE_LINK126]Study on the performance benefit of dual layer DL reception when it is supported for non-BL UEs in CE mode A. Companies are encouraged to submit evaluation results. 
· UE complexity should be also considered
· Prioritize SNR region relevant to CE mode A

Agreement 
[bookmark: OLE_LINK129][bookmark: OLE_LINK130]Study on the performance benefit of CSI-RS based CSI feedback when it is supported for non-BL UEs in CE mode A.
· UE complexity should be also considered
· Prioritize SNR region relevant to CE mode A
In this contribution, preliminary considerations on coverage enhancement for non-BL UEs are provided.
Aspects on coverage enhancement for non-BL UEs
In the following, we give our preliminary considerations on the coverage enhancement aspects for non-BL UEs considered in the WID which are more RAN1 related.
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 BL UEs in CE and non-BL UEs in CE. 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 will imply 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 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 is supported for non-BL UEs in coverage enhancement.
Dual layer DL reception
In current specification, only one layer can be supported of UE in coverage enhancement mode. However, there may be no repetition or a small number of repetitions for UEs in CEMode A. For non-BL UE, it stronger capability on signal reception and processing, and it also has high requirement on data rate. For example, voice connection prefers to be maintained even if non-BL UE channel condition is gradually deteriorating. 
For example, if one non-BL UE is in the CEMode A and receives DL without repetition, the non-BL UE can still be served in CEMode A with dual layer reception. Thus, the mode switch from CEMode A to normal coverage is avoided, and traffic continuity can be maintained. Once the channel condition of this non-BL UE is getting worst, the eNB can indicate to the UE to receive the PDSCH with repetition and single layer. The mode switch from normal coverage to CEMode is also avoided.
In RAN1 #94 meeting, it agreed that “study on the performance benefit of dual layer DL reception” and “Companies are encouraged to submit evaluation results”. Figure 1 below shows the DL geometry of mMTC test environment, which was cited from “Study on Self Evaluation towards IMT-2020 Submission” [2]. 
[image: ]
Figure 1: DL geometry of Urban Macro - mMTC test environment
As seen from Figure 1, about 80% and 70% UE’s DL geometry is larger or equal to 0dB for ISD 500m and 1732m, respectively. Therefore, most non-BL UE in CE ModeA could use dual layer DL reception in view of the geometry distribution. 
[bookmark: OLE_LINK127][bookmark: OLE_LINK128]To further evaluate the benefits of dual layer DL reception, the simulation assumption should be firstly discussed and aligned. For example, the UE number in each cell, the UE ratio between non-BL UEs and BL UEs, the UE ratio for different coverage enhancements, and the modeling of penetration loss for UEs in different coverage enhancement levels. Other general parameters (e.g., cell layout, ISD, transmission mode and channel model) related to system level simulation should also be discussed and aligned.
Proposal 2: The simulation assumptions should be discussed and aligned for dual layer DL reception.
Feedback based on CSI-RS
Currently, for BL/CE UE’s CSI reporting, the CSI measurement is based on the narrowband of MPDCCH transmission. As a result, the real-time CSI measurement on full bandwidth is not possible. Even if MPDCCH frequency hopping is considered, only two or four possible MPDCCH narrowband locations can be measured if the initial narrowband of MPDCCH configured by higher layer signaling is not changed. As a result, the BL/CE UE cannot estimate the channel condition on any subband within system bandwidth dynamically.
For non-BL UEs, since it has the capability to receive the CSI-RS within the whole system bandwidth, it is possible for non-BL UEs to measure subband on the whole system bandwidth based on CSI-RS, and report the optimum subband to eNB. The eNB can schedule the DL transmission on the optimum subband in time, and the throughput could be improved correspondingly.
In order to verify the benefits of CSI-RS measurement, similar to the analyses in above section 2.3, some basic assumptions for feedback based on CSI-RS should be firstly discussed and aligned. 
ETWS/CMAS in connected mode
In LTE, ETWS/CMAS are notified by the Paging message for both RRC_IDLE and RRC_CONNECTED modes. However, BL/CE UEs are not allowed monitoring CSS for Paging in connected mode. In that case, BL/CE UEs in connected mode may miss the ETWS/CMAS notification and reception. An implementation method is that the eNB releases the UEs to RRC_IDLE mode using RRCConnectionRelease. 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. Therefore, it would be beneficial that ETWS/CMAS in RRC_CONNECTED mode can be supported for non-BL UEs in coverage enhancement. Currently, the ETWS/CMAS can be dynamically indicated by DCI format 6-2, which is only monitored by idle UEs. Similarly, it can consider using DCI to indicate ETWS/CMAS for connected non-BL UEs.
Proposal 3: ETWS/CMAS reception for connected non-BL UEs in coverage enhancement can be indicated by DCI.
	Conclusions
In this contribution, preliminary 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 is supported for non-BL UEs in coverage enhancement.
Proposal 2: The simulation assumptions should be discussed and aligned for dual layer DL reception.
Proposal 3: ETWS/CMAS reception for connected non-BL UEs in coverage enhancement can be indicated by DCI.
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