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1 Introduction

One of the objectives for Rel-16 additional MTC enhancements is to specify CE mode A and B improvements for non-BL UEs. In RAN1 #94bis, the following agreements were made in relation to this topic [1]:

Agreement 

Dual-layer transmission is not supported for non-BL UEs in CE mode B

Email discussion for evaluation parameters for dual layer transmission simulations 

· Until 22nd of October (Changhwan Park, LGE)

Agreement 

CSI-RS based CSI feedback is not supported for non-BL UEs at least in CE mode B
In RAN1 #95, the following agreements were also made in relation to this topic [2]:

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

In this contribution, we further discuss CE mode A improvements for non-BL UEs and make some proposals.
2 Discussion
The two coverage enhancement modes defined in Rel-13 eMTC and supported for BL/CE UEs are:
CE mode A – corresponding to no repetition or a small number of repetitions

CE mode B – corresponding to a large number of repetitions

While some capabilities have been enhanced for non-BL UEs in CE, it is also desirable to enhance the support for other features for these UEs in CE.
Dual layer reception on DL
Both CE mode A and CE mode B support several transmission modes on the DL:
CE mode A – TM1, TM2, TM6, and TM9

CE mode B – TM1, TM2, TM9

Support is limited to the transmission of a single layer, however. Non-BL UEs with more than one antenna have the ability to receive at least two layers. Therefore, it is desirable to consider extending support for dual-layer transmission if there are any benefits from doing so. In RAN1 #94bis it was agreed that dual-layer transmission is not supported for non-BL UEs in CE mode B. The issue of supporting dual-layer transmission for non-BL UEs in CE Mode A is still open, however, and it is necessary to determine whether there is any benefit with supporting dual-layer transmission in CE mode A.

Based on the agreement in RAN1 #94bis, the parameters for evaluation of benefits of dual layer transmission in CE mode A were discussed through an email discussion. Based on the views from different companies in the email discussion [3], the proposal was to use link-level simulation results to compare the performance of rank-2 (with no rank adaptation) transmission with respect to rank-1 transmission. It was further proposed that, if system-level simulation is used for stochastic DL geometry analysis of wideband SINR, then the technical report for Self Evaluation towards IMT-2020 Submission [4] would be reused rather than defining evaluation parameters for system-level simulation. The following simulation parameters were proposed for link-level simulations.
Table 1. Link-level simulation parameters for Dual-layer transmission
	Parameter
	Value

	Frequency
	700MHz

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

	eNB Antenna configurations
	[4 or 8] 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 or 4] 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

	SNR region
	-5dB ~ [0 or 20]dB




Link-level simulations with fixed rank transmission do not adequately demonstrate any potential gains with dual-layer transmission. UEs in coverage enhancement are likely to be experiencing poor SINR on an average basis. Dynamic channel variations can, however, present conditions that support dual-layer transmission in poor SINR conditions. Therefore, we present results of system-level simulations using the assumptions in the above table where applicable with other assumptions based on IMT-2020 mMTC test environment. The channel model was assumed to be UMa with 500 m ISD. The eNB is assumed to have 8 transmit antennas. A maximum of 8 PDSCH repetitions is assumed.
Figure 1 shows the UE throughput distributions with single layer (Max rank = 1) and dual layer (Max rank = 2, Rank adaptation ON) transmission. From this figure, it can be seen that there is virtually no throughput gain from dual layer transmission below the 50th percentile. In Figure 2, the distribution of UE rank is plotted for the case of dual layer transmission considering only UEs with DL geometry in the (-5 dB, 0 dB) range. It is observed that about 24% UEs receive rank-2 transmission. The mean UE throughput gain with dual layer transmission relative to single layer transmission is provided in Table 2. Two DL geometry ranges are considered. Although for UEs in (-5 dB, 20 dB) DL geometry range the mean throughput gain is 16%, for UEs in (-5 dB, 0 dB) DL geometry range the mean throughput gain is only 2.9%. Thus, even though a significant percentage of UEs receive rank-2 transmission, there is no benefit relative to single layer transmission.
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Figure 1 UE throughput distribution.
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Figure 2. Distribution of rank for UEs in the (-5 dB, 0 dB) range with dual layer transmission.
Table 2. Mean throughput gain with dual layer transmission.
	UEs in DL geometry range
	Mean UE throughput gain

	-5 dB to 0 dB
	2.9%

	-5 dB to 20 dB
	16.0%


Based on the performance results, there does not seem to be any significant benefit from supporting dual-layer transmission in CE mode A.
Proposal 1: Dual-layer transmission is not supported for non-BL UEs in CE mode A.
Feedback based on CSI-RS

CSI measurement for feedback in all the supported reporting modes is based on CRS for BL UEs. With CRS-based feedback, a single codebook index is reported for each PMI value. For non-BL UEs, CSI measurement for TM9 based on CSI-RS can be considered. With this type of feedback, a pair of codebook indices is reported for each PMI value. Such reporting enables the use of a larger codebook, which can yield better performance than with CRS-based feedback. The performance gain comes at the expense of increased feedback overhead when PMI/RI feedback based on CSI-RS is configured.
In LTE, both unprecoded CSI-RS and beamformed CSI-RS transmission are supported to take advantage of FD-MIMO capabilities at the eNB. The corresponding types of feedback, known as class A and class B feedback, are associated with different amounts of CSI-RS feedback overhead. For a relatively small number of CSI-RS ports (e.g., less than or equal to 8), no significant difference in performance is expected with the two types of feedback, while beamformed CSI-RS is associated with a larger overhead. Although measurement accuracy is degraded for UEs in CE mode A, some performance gains over CRS-based CSI feedback. 
Proposal 2: Study the performance gains with CSI feedback based on unprecoded CSI-RS for non-BL UEs in CE mode A.
ETWS/CMAS in connected mode

Another improvement that is being considered for non-BL UEs in CE Mode A and B is the support of ETWS/CMAS in connected mode. According to current specifications, UEs in coverage enhancement are not required to monitor the common search space for an MPDCCH scheduling a paging message when in RRC connected mode. Therefore, ETWS and CMAS messages cannot be delivered to such UEs in RRC connected mode. When the network has an ETWS/CMAS notification, the adopted implementation-based solution for BL UEs is to release the UEs to RRC idle), after which the UEs can receive the ETWS/CMAS notification in the paging message. For UEs in coverage enhancement, this may entail a large overhead and latency since a large number of repetitions may be required for transmission of MPDCCH and PDSCH for the RRCConnectionRelease message (especially since UEs must be individually released), resulting in a large network overhead. While indication of ETWS and CMAS messages in connected mode may not be critical for BL UEs, it would be desirable to support this feature for non-BL UEs. Therefore, considering that low complexity may not be a priority for non-BL UEs, an alternative approach can be considered to support delivery of ETWS/CMAS messages for non-BL UEs in CE Mode A and B and in connected mode. Thus, it is necessary to study possible solutions and consider whether there is an impact to RAN1 specifications.

Proposal 3: Study RAN1 issues related to support of ETWS/CMAS indication to non-BL UEs in connected mode in CE Mode A and B.
3 Conclusions

In this contribution, CE mode A improvements for non-BL UEs are discussed. The following observation and proposals are made.
Proposal 1: Dual-layer transmission is not supported for non-BL UEs in CE mode A.
Proposal 2: Study the performance gains with CSI feedback based on unprecoded CSI-RS for non-BL UEs in CE mode A.

Proposal 3: Study RAN1 issues related to support of ETWS/CMAS indication to non-BL UEs in connected mode in CE Mode A and B.
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