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1. [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
In RAN1#95 meeting, CE mode A and B improvements for non-BL UE was further discussed. And we had the following agreements [1]:
· 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 discuss dual layer DL reception and CSI-RS based CSI feedback in CE mode A. 
2. [bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK14][bookmark: OLE_LINK13][bookmark: OLE_LINK95][bookmark: OLE_LINK94][bookmark: OLE_LINK38][bookmark: OLE_LINK37][bookmark: OLE_LINK50]Discussion
Dual layer DL reception
In RAN1#95 meeting, no agreement was reached on whether to support dual layer DL reception for non-BL UEs in CE mode A. The main issue is whether the non-BL UEs in normal coverage can stay in CE mode A. If non-BL UEs have a normal coverage SNR in CE mode A, e.g. more than 0 dB, dual layer DL reception can provide the throughput gain. 
Firstly, the SNR range of CE mode A can support dual layer DL reception. In RAN1 #82bis meeting, CE mode A is defined as a set of behaviours for no repetitions and small number of repetitions. No repetitions and small number of repetitions are applicable for normal coverage and moderate coverage enhancement. And it can be seen from “Study on Self Evaluation towards IMT-2020 Submission” and other previous studies for eMTC that over 70% ~ 80% UEs fall into the SNR range of more than 0 dB. Moreover, in the existing RAN4 tests for eMTC, the performance requirements for normal coverage are considered round 10 dB. In this SNR range, rank-2 transmission can show the higher throughput performance than rank-1, especially for Tx antennas larger than or equal to 4. 
Observation 1: The SNR range of CE mode A can support dual layer DL reception.
Secondly, non-BL UEs should have the ability to operate in CE mode A when the non-BL UEs is in normal coverage. Compared with LTE, eMTC has smaller bandwidth, configurable MPDCCH detection period and flexible system information indicator. Hence, eMTC is more energy efficient than LTE. When the mobile non-BL UEs move from large coverage to normal coverage, if no large data rate service is required, the non-BL UEs in normal coverage should remain in CE mode A to keep low power consumption. This can also avoid the extra power consumption and latency caused by network switching.
Observation 2: Non-BL UEs should have the ability to work in CE mode A to keep low power consumption when the non-BL UEs are in normal coverage. 
As discussed above, dual layer DL reception should be supported for non-BL UEs in CE mode A to improve throughput performance.
Proposal 1: Dual layer DL reception can be supported in CE mode A for non-BL UEs.
CSI-RS based CSI feedback
In Rel-15 CE mode A, CSI measurement is performed based on CRS instead of CSI-RS in TM9. Due to insufficient CRS ports, only up to 4 physical transmitted antennas can be used simultaneously. Nowadays, 8Tx antennas are widely deployed in LTE. As a coexistence network with LTE, MTC should have the capability of using more transmitted antennas. Therefore, when more than 4 Tx antennas are configured, it is expected that non-BL UEs perform CSI-RS based CSI feedback to support these transmitted antennas. 
However, the accuracy of CSI-RS based CSI feedback will decrease in low SNR range due to the low density of CSI-RS. So the performance benefit of CSI-RS based CSI feedback is still not clear in CE mode A for non-BL UEs. CE mode A is defined for normal coverage and moderate coverage enhancement with no repetitions and small number of repetitions. CSI-RS based CSI feedback is applicable for the SNR range in normal coverage, but the feasibility in coverage enhancement needs to be evaluated.
Regarding CSI feedback, CQI and PMI feedback are supported in Rel-15 CE mode A. For CQI feedback, the CQI can be adaptively adjusted by eNB via OLLA. Hence, the main performance difference between CRS and CSI-RS based CSI feedback is due to PMI feedback. CSI-RS can support 8Tx PMI feedback with the larger beamforming gain. Thus, to verify the benefit of CSI-RS based CSI feedback, it should be considered to compare the throughput performance of CSI-RS based 8Tx PMI feedback and CRS based 4Tx PMI feedback.
Observation 3: Compared with CRS based CSI feedback, the main performance benefit of CSI-RS based CSI feedback is to support 8Tx PMI feedback.
Further, for PMI feedback in CE mode A, UE can report a wideband PMI for all the narrowbands monitored by MPDCCH. However, for the PMI feedback for multiple narrowbands, this PMI may not match the narrow band transmitting data. So the beamforming gain will be limited. The reduction of beamforming gain is equivalent to the reduction of the gain of multiple transmit antennas for a fixed rank. Therefore, in order to maximize the 8Tx beamforming gain, the PMI reporting performance for single narrowband is simulated. And the corresponding throughput curves are given in Figure 1 and 2. In the simulation, fixed CQI is used for no repetition and 4 repetitions.
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Figure 1 Throughput performance of PMI reporting for no repetition
[image: ]
Figure 2 Throughput performance of PMI reporting for 4 repetitions
Then, the throughput ratios of CSI-RS based 8Tx PMI feedback and CRS based 4Tx PMI feedback are given in Table 1.
Table 1: Throughput ratio between CSI-RS based 8Tx PMI feedback and CRS based 4Tx PMI feedback
	Test cases
	SNR at 70% TP of CRS based PMI feedback
	Throughput ratio at 70% TP of CRS based PMI feedback

	MCS4, R=1
	-5.2 dB
	1.13

	MCS11, R=1
	0.4 dB
	1.26

	MCS15, R=1
	4.4 dB
	1.34

	MCS11, R=4
	-5.5 dB
	1.13

	MCS14, R=4
	-2.7 dB
	1.22

	MCS15, R=4
	-1.4 dB
	1.24



According to the simulation results, it can be observed that:
Observation 4: In the SNR range of -5~20 dB, CSI-RS based PMI feedback can provide the obvious throughput gain.
· The throughput ratio of CSI-RS based 8Tx PMI feedback and CRS based 4Tx PMI feedback exceeds 1.13 at -5dB.
· SNR has an impact on the accuracy of PMI estimation. And the gain of the CSI-RS based PMI feedback increases as the SNR increases.
Thus, it is proposed that:
Proposal 2: CSI-RS based CSI feedback can be supported in CE mode A for non-BL UEs.
If CSI-RS based CSI feedback is supported in CE mode A for non-BL UEs, it is possible that CSI-RS is transmitted on the bandwidth of 1.4 MHz for single narrowband, 5 MHz for multiple narrowbands and 20 MHz for full band. So the introduction of CSI-RS will increase resource overhead. Meanwhile, CSI-RS configured for one UE will cause some interference to other UEs whose transmission overlaps with the CSI-RS bands. Since the data REs colliding with aggressor CSI-RS have to be punctured for these victim UEs, some performance loss can be expected.
Observation 5: The introduction of CSI-RS could increase CSI-RS overhead for target non-BL UEs and may cause CSI-RS interference for victim UEs.
Thus, to save CSI-RS overhead and reduce CSI-RS interference, the number of CSI-RS REs in time and frequency domain should be restricted. In this case, aperiodic CSI-RS can be considered to reduce the unnecessary CSI-RS transmission. Moreover, PMI reporting based on the existing CSI-RS density can provide the obvious throughput gain within the SNR range of CE mode A, so CSI-RS density enhancement and CSI-RS repetition are not supported to avoid more CSI-RS transmission.
Proposal 3: The existing CSI-RS density can be reused and aperiodic CSI-RS can be considered in CE mode A.
3. Conclusion
In this contribution, we discuss dual layer DL reception and CSI-RS based CSI feedback in CE mode A for non-BL UEs. And following observations and proposals are given:
Observation 1: The SNR range of CE mode A can support dual layer DL reception.
Observation 2: Non-BL UEs should have the ability to work in CE mode A to keep low power consumption when the non-BL UEs are in normal coverage.
Observation 3: Compared with CRS based CSI feedback, the main performance benefit of CSI-RS based CSI feedback is to support 8Tx PMI feedback.
Observation 4: In the SNR range of -5~20 dB, CSI-RS based PMI feedback can provide the obvious throughput gain.
· The throughput ratio of CSI-RS based 8Tx PMI feedback and CRS based 4Tx PMI feedback exceeds 1.13 at -5dB.
· SNR has an impact on the accuracy of PMI estimation. And the gain of the CSI-RS based PMI feedback increases as the SNR increases.
Observation 5: The introduction of CSI-RS could increase CSI-RS overhead for target non-BL UEs and may cause CSI-RS interference for victim UEs.
Proposal 1: Dual layer DL reception can be supported in CE mode A for non-BL UEs.
Proposal 2: CSI-RS based CSI feedback can be supported in CE mode A for non-BL UEs.
Proposal 3: The existing CSI-RS density can be reused and aperiodic CSI-RS can be considered in CE mode A.
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