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1	Introduction
In RAN#82 meeting, the revised WID: Additional MTC enhancements for LTE [1] was approved with the objective to study the extreme coverage improvement for non-BL UEs. 

· Specify CE mode A and B improvements for non-BL UEs from among the following list [RAN1, RAN2, RAN4]
· 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

In RAN1#94bis meeting, the following agreements were achieved. 

[bookmark: _Hlk516692042]Agreement
· Dual-layer transmission is not supported for non-BL UEs in CE mode B
· CSI-RS based CSI feedback is not supported for non-BL UEs at least in CE mode B
[bookmark: _Ref178064866]
In RAN1#95, the following agreements were achieved.

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 will continue to discuss the support of dual layer DL reception and CSI-RS based CSI feedback for the non-BL UEs in CE mode A. 
2. Dual layer downlink reception
Single RX antenna is assumed for the low-cost BL/CE UE. For the non-BL UE, it is assumed that UE can support full receiver bandwidth of 20MHz and full duplex FDD operation. Due to the increased processing capability 2 RX antennas can be adopted for further increasing the data throughput by exploiting dual layer DL transmission.

In normal coverage, it is true that capacity increases linearly with the number of transmission layers and the dual layer transmission could achieve more throughputs compared to single layer transmission. However, for the non-BL UE operating in the extended coverage, the throughput gains by using dual layer are not clear due to the relatively low SNR region. This is because a low rank of the channel matrix is typically observed for the low SNR and the possibility for dual layer transmission is very low. In other words, enabling dual layer transmission in the low SNR region requires to configure a larger number of repetitions, which in turn decreases the throughput. 

Based on the above, the support of dual layer reception for the non-BL UE operating in extended coverage needs to be studied and proven. To evaluate the performance benefit of dual layer in the low SNR region, link level simulations have been conducted. The simulation assumptions are based on the agreements of [94b-LTE-02] email reflector and summarized in appendix. We simulate a single UE with a fixed rank of 1 or 2 with different number of repetitions. Wideband PMI with periodicity of 10ms is used for precoding the PDSCH. From the simulation result show in Figure 1, it is observed that dual layer transmission performs much worse than single layer for the SNR range from -5dB to 0dB, which is typical operation range with the CE mode A. The results further verify previous view that a low channel rank is observed for the low SNR region. In such case it is better to use more RX antenna to achieve diversity gains instead of increasing the number of data streams for more throughput. 
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Figure 1: Comparison of single and dual layer transmission with different of repetitions
Observation 1: Dual-layer transmission performs much worse than single layer for SNR range -5dB to 0dB. 
Additionally, to focus on the physical layer performance at low SNR of multi-layer schemes, we compared TM2 vs 2-layer TM3 with fixed MCS, rank-2 AWGN channel, HARQ with up to 4 retransmissions, 25PRB allocation. The results are shown in Figure 2. It can be observed that for the region of interest (below -5dB SNR) the performance of TM2 is comparable or better than that of TM3. No significant gain of TM3 is observed in the regime where the throughput of TM2 does not saturate.
[image: ] [image: ]
Figure 2 TM3 vs TM2 performance for fixed MCS (left) and envelope (right)
Observation 2: No throughput gain observed for TM3 dual layer transmission over TM2 under extended coverage. 
During the [94b-LTE-02] email discussion, some companies stated the SNR above 0dB shall also be valid operation point for CE mode A since a repetition level of one is allowed in CE mode A. For BL UEs, certainly more than 0dB shall be supported, but for non-BL UEs, it shall be possible to change to the non-BL reception when the SNR becomes good for achieving high data throughput. There are some arguments on power saving for the non-BL UEs operating in narrowband compared to the wideband reception since the DL control is received via the narrowband MPDCCH instead of the wideband PDCCH. However, the narrowband MPDCCH spans the entire subframe, and it does not allow for micro sleep. Different from MPDCCH, when no PDCCH is received from the first 3 symbols of the subframe the non-BL UE can go to sleep in the rest time of the subframe for power saving.  It is noted that the micro sleep can save the power significantly compared to the narrowband operation. Table 1 below compares the power consumption for MPDCCH and PDCCH monitoring for different system bandwidth. No power saving gain is observed for the narrowband MPDCCH monitoring. Due to the usage of micro sleep, the PDCCH monitoring for 10MHz system bandwidth even will require less power than monitoring the narrowband MPDCCH.
Table 1: Comparison of power consumption for MPDCCH and PDCCH monitoring
	
	Power Consumption

	mPDCCH
	P

	PDCCH@10MHz BW
	0.87P

	PDCCH@20MHz BW
	0.99P



Observation 3: No power saving observed for narrowband MPDCCH monitoring compared to the wideband PDCCH monitoring at good SNR range

Furthermore, a couple of issues were identified for supporting dual layer reception for the non-BL UE. For example, the supported transmission mode for dual layer transmission and the associated DCI format need to be defined. Furthermore, UCI (e.g., HARQ-ACK and CSI feedback) needs also to be considered for supporting dual layer transmission. For reducing the overhead, it was also proposed to consider the single codeword to two layers mapping for dual layer transmission. However, according to the current specification, the single codeword to two layers mapping is supported only for normal LTE UE capable of maximum 4 MIMO layers. Extending this for 2 RX UE would require hardware change. 
Observation 4: The support of dual layer downlink transmission for the non-BL UE would require lots of specification work and potential UE hardware change. 
Therefore, we propose 
Proposal 1: Dual layer downlink transmission is not supported for the non-BL UEs in CE mode A 
If the interest for supporting dual layer transmission is on the fast mode switch, maybe we RAN1 can study a mechanism for supporting fast switch between CE and non-CE. 
Proposal 2: RAN1 could consider studying the mechanism to enable fast switch between CE and non-CE if there is a need to support dual layer transmission for the non-BL UE in coverage enhancement mode 
3. Feedback based on CSI-RS
Currently in LTE-MTC, transmission mode 1, 6 and 9 can be configured for downlink transmission. TM1 and 6 use CRS for PDSCH data demodulation and TM9 is based on UE specific DMRS. For CSI feedback, CRS is used even for TM9. The potential issue for CSI feedback using CRS in TM9 is the mis-alignment between antenna ports for CSI measurement and antenna ports for PDSCH transmission since the number of CRS ports is only up to 4 but the number of antenna ports for PDSCH transmission in TM9 can be up to 8. Due to the mis-alignment the reported CQI may underestimate the actual channel quality thus degrading the PDSCH performance. Since CSI-RS is used for CSI feedback for TM9 in LTE, it seems straightforward to use also CSI-RS for the non-BL UE in TM9.

To support feedback based on CSI-RS for the non-BL UE, the following things need to be considered. Firstly, the CSI feedback overhead will be increased. Currently, when PUCCH reporting mode 1-1 is configured, the BL/CE UE is required to report CQI and a 2-ports or 4-ports wideband PMI. When using CSI-RS for CSI feedback, the subband PMI feedback may need to be supported. Additionally, if up to 8 CSI-RS ports are supported then the PMI payload is increased to a maximum 8 bits. Therefore, it is not possible to feedback all the CSI including RI, CQI and PMI within one CSI report. According to LTE, at least two reports are needed for PUCCH mode 1-1, one for RI/W1 and the other for W2/CQI. Multiple CSI reports will result in error propagation and increase the feedback latency. 
Observation 5: The CSI-RS based CSI feedback will increase the feedback overhead and latency 
Secondly, when CSI-RS is used for CSI measurement, UE may need to measure the CSI-RS in multiple subframes to derive the CQI. Different from CRS, the CSI-RS is not transmitted in every downlink subframe. The minimum CSI-RS periodicity in LTE is 5ms, which means a total measurement duration of 160ms for 32 CSI subframe repetitions. The long measurement duration not only increases UE power consumption but also increase the CSI feedback latency. It is also noted that the BL/CE UE is not aware of CSI-RS, and the transmission of CSI-RS will puncture the DL transmission to the BL/CE UE and thus degrade the performance.
Observation 6: The CSI-RS based CSI feedback will affect the DL transmission to the BL/CE UE 
Based on the above discussion, we therefore propose not to support CSI-RS based CSI feedback. 
[bookmark: _GoBack]Proposal 3: CSI feedback based on CSI-RS is not supported for the non-BL UEs in CE mode A 
4	Summary
In this contribution, we discuss the aspects of extreme coverage improvement for the non-BL UEs. We have the following observations:
[bookmark: _In-sequence_SDU_delivery]Observation 1: Dual-layer transmission performs much worse than single layer for SNR range -5dB to 0dB. 
Observation 2: No throughput gain observed for TM3 dual layer transmission over TM2 under extended coverage. 
Observation 3: No power saving observed for narrowband MPDCCH monitoring compared to the wideband PDCCH monitoring at good SNR range
Observation 4: The support of dual layer downlink transmission for the non-BL UE would require lots of specification work and also potential UE hardware change. 
Observation 5: The CSI-RS based CSI feedback will increase the feedback overhead and latency 
Observation 6: The CSI-RS based CSI feedback will affect the DL transmission to the BL/CE UE 

Based on these observations, we made the following proposals:
Proposal 1: Dual layer downlink transmission is not supported for the non-BL UEs in CE mode A 
Proposal 2: RAN1 could consider studying the mechanism to enable fast switch between CE and non-CE if there is a need to support dual layer transmission for the non-BL UE in coverage enhancement mode
Proposal 3: CSI feedback based on CSI-RS is not supported for the non-BL UEs in CE mode A 
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Appendix: simulation assumption for dual layer transmission

	Parameter
	Value

	Frequency
	700MHz

	Channel
	EPA with low correlation

	eNB Antenna configurations
	4Tx, 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

	Receiver
	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 wideband PMI with periodicity of 10ms

	Rate control
	Target 10% BLER after 1st transmission

	Cyclic prefix
	Normal CP
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