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1. Introduction
In RAN#80 [1], a new Rel-16 work item has been approved to specify CE mode A and B improvements for non-BL UEs suggesting some target use cases as follows:
Extreme coverage 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
· ETWS/CMAS in connected mode
· UE demodulation performance requirements for 2 RX antennas and full duplex FDD
· Dual layer DL reception
· Feedback based on CSI-RS

Regarding three entries highlighted by a gray color in the list above, the feature-lead summary recommended followings in the previous RAN1#94 meeting.
· Enhancements to idle mode mobility
Feature-lead recommends that RAN1 does not discuss idle mode mobility enhancements to the non-BL UEs until any specific request or work scope for RAN1 is found.
· ETWS/CMAS in connected mode
Agreements from RAN2#103bis
- RAN2 intends to support CMAS/ETWS for non-BL UEs in CE mode in connected mode.
Though RAN2 made an agreement to support this feature above, work scope from RAN1 point of view is still unclear. Therefore Feature-lead would like to recommend wait-and-see until RAN2 asks RAN1 for some specific task.
· UE demodulation performance requirements for 2 RX antennas and full duplex FDD
Feature-lead recommends that RAN1 won’t be involved in the evaluation work of UE demodulation performance requirements for 2 RX antennas and full duplex FDD until RAN1 is asked. Note that RAN4 starts Rel.16 MTC-related work from the Feb. RAN4 meeting #90 but no contribution relevant to this agenda has been submitted.

This contribution provides a summary of issues and proposals about ‘Dual layer DL reception’ and ‘Feedback based on CSI-RS’, and suggests some recommendations based on contributions [2]-[9].
2. Summary and Proposals
2.1. Dual layer DL reception
Agreements until RAN1#95:
· 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
· Dual-layer transmission is not supported for non-BL UEs in CE mode B
· 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
· The SNR range is to be discussed, aiming to conclude in RAN1#95 
· 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



Summary of Issues and Proposals:
Issue 1) Dual layer DL reception is supported for non-BL UEs in CE mode A
· supported – Huawei, HiSilicon, ZTE, [Samsung]
· not supported – Ericsson, Intel, LGE, Nokia, Nokia Shanghai Bell, Qualcomm

In the previous RAN1 meeting #95, there was a lot of discussion about whether non-BL UE supporting CE mode can be configured as CE mode A in high SNR (e.g., > 0dB) and motivations/benefits of MIMO support in such a high SNR for a typical CE mode A operation, and most Tdocs repeated the same views as they expressed before. And just in order to avoid repeating the same arguments, they are summarized and listed below.
· Arguments about whether non-BL UE supporting CE mode can be configured as CE mode A in high SNR (e.g., > 0dB)
· Proponents
1. [RAN1#82bis agreement] Two CE modes are specified for RRC_CONNECTED UEs:
· CE Mode A describes a set of behaviours for no repetitions and small number of repetitions
· CE Mode B describes a set of behaviours for large number of repetitions
· The CE mode is signalled to the UE 
2. TS 36.101, the minimum performance CE Mode A MPDCCH with TM9 interference model
· 15.4 dB SNR is regarded as the reference value
3. 64QAM is supported for non-BL UEs in CEModeA
· Obviously, for UEs which can support 64QAM, it means these UEs are in good coverage. Especially for UEs with high coding rate and 64QAM modulation, it should be in the high SNR range
· Opponents
1. [TS36.300 in clause 23.7b] states the following
· A UE in enhanced coverage is a UE that requires the use of enhanced coverage functionality to access the cell. In this release of the specification two enhanced coverage modes (mode A, mode B) are supported
· “A UE in enhanced coverage camps on a suitable cell where S criterion for UEs in enhanced coverage is fullfilled. The UE shall re-select to inter-frequency cells in which it is able to operate in normal coverage over cells in which it has to be in enhanced coverage.” which means a non-BL UE may be not allowed to attach to a network as CE mode A as long as it can attach to a network as normal mode.
2. TS 36.101, the minimum performance CE Mode A MPDCCH with TM9 interference model
· 15.4dB SNR is defined for BL/CE UE not for non-BL UE in CE mode A
3. negative impacts on throughput from both eNB and UE perspective due to the following aspects
· Cross-subframe scheduling leads to lower throughput
· MPDCCH requires more resources due to poor channel estimation performance compared to NPDCCH 
· Limited TMs and CSI feedback modes
· Loss of some subframes which are not BL/CE subframes
· Loss of OFDM symbols in control region

· Arguments about motivations/benefits (power consumption reduction)
· Proponents
1. With reduced bandwidth for RF operation, reduced complexity on channel estimation, signal processing such as FFT/IFFT computation
· Opponents
1. From the UE perspective a larger power saving gain can be achieved by switching off all Rx chains except only one. In this case, staying in CE mode A is justified by compensation of coverage losses caused by using only one Rx antenna.
2. Since the MPDCCH spans the entire subframe, it does not allow for micro sleep, which is possible for PDCCH reception, that is, when no detecting PDCCH from the first 3 symbols of the subframe UE can go to sleep in the rest time of the subframe for power saving
3. A non-BL UE would typically be configured in CE mode when it experiences low SNR and needs coverage enhancement. It has also been discussed to configure non-BL UEs in CE mode as a power-saving mechanism for non-BL UEs that are running out of battery (regardless of their coverage situation), but it doesn’t seem to make sense to bring in MIMO transmission in CE mode just for that potential use case.

· Arguments about motivations/benefits (frequent mode transfer reduction)
· Proponents
1. For example, when the UE’s radio condition is gradually getting worse, it avoids the mode transfer from normal coverage to CEModeA
· Opponents
1. Introducing MIMO support in CE mode just in order to reduce the need to reconfigure the UE back and forth between CE mode and normal operation as the UE moves around between different coverage situations is not that appealing and it may deviate from the WID scope. 

In the RAN1#94bis meeting, RAN1 made an agreement to specify evaluation assumptions through an official email discussion in order to determine whether MIMO should be supported or not based on the outcome of evaluations. Note that there are 3 T-docs[3][7][9] which include evaluation results accordingly. Observations from those evaluation works are quoted as follows.
From [3]:
· “the cell average throughput is significantly improved when dual layer is supported. About 20%~30% cell average throughput is increased with rank 2 supported. The cell edge throughput is slightly decreased when link adaptation is used. For non-BL UE operated in cell-edge, the data rate cannot be expected too high, so the slight reduction on cell edge throughput can be acceptable”
From [7]:
· “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.”
From [9]:
· “Observation 1: Dual-layer downlink transmission performs much worse than single layer for the SNR range from -5dB to 0dB.”
· “Observation 2: No throughput gain is observed for TM3 dual layer transmission over TM2 transmission under extended coverage.”
According to the evaluation results, the performance gain in terms of throughput is marginal under extended coverage region, e.g., (-5dB, 0dB) and can be even slightly decreased when dual-layer transmission with link adaptation is used in cell edge. Which is the same observation as what was shared in the previous RAN1#95 meeting. Therefore, main discussion point on the benefits of dual layer support is whether or not to enhance the throughput of the non-BL CE UEs operating in CE mode but not under extended coverage region.
Recommendation
In this meeting, decide whether it is suitable to support “Dual-layer downlink reception” for throughput enhancement of non-BL CE UEs operating in CE mode A not under extended coverage region (i.e., in normal coverage region)

The sub-issues below, discussed in several Tdoc, require a prerequisite that ‘Dual-layer transmission is supported for non-BL UE in CE mode A’. Feature-lead would like to suggest holding off on these until we reach an agreement to support MIMO feature above.
Sub-issue 1) additional Transmission mode(s)
Sub-issue 2) Single TB-to-Dual layer mapping for initial transmission
Sub-issue 3) New DCI formats
Sub-issue 4) UCI(e.g., HARQ-feedback, CSI-feedback) for dual layer transmission

Proposals, observations, and conclusions are copied in the table below.
	from Ericsson
Observation 1: For large SNR, the capacity increases linearly with the rank of the MIMO channel matrix. That is, the rank provides an intuitive insight of the channel capacity.
Observation 2: For low SNR, the capacity of the MIMO channel approximately equals either that of a SIMO channel (at best) or that of a SISO channel. At low SNR, to maximize throughput, the entire power is supplied only to the strongest eigenmode, which results in a single stream transmission.
Observation 3: Until RAN1 #95, only 2 out of 8 contributors declared supporters of “Dual-layer DL reception” [5, 8], 1 was uncertain awaiting for the results that were eventually presented during RAN1 #95 [10], and 5 companies declared against the support of “Dual-layer DL reception” based on the observed results [9, 11], theoretical analysis [12], use-case [6, 7], etc.
Proposal 1: Dual-layer DL reception is not supported by non-BL UEs using enhanced coverage functionality, since using more than one layer is only beneficial and feasible for SNRs significantly higher (>> 1 = 0dB) than what is targeted by CE Mode A for non-BL UEs.

	from Huawei, HiSilicon
Observation 1: Specify CE mode A and B improvements for non-BL UEs is definitely supported within the WID. 
Observation 2: The SNR of UE in CEMode A can be in high SNR range.
Observation 3: For non-BL UE (with the capability of coverage enhancement) in good channel condition, it can operate in the CEMode A.
Proposal 1: Non-BL UE in CE ModeA could use dual layer DL reception.
Proposal 2: UE demodulation performance requirements for 2 RX antennas is supported for non-BL UEs in coverage enhancement.

	from Nokia, Nokia Shanghai Bell
Proposal 1: Dual-layer transmission is not supported for non-BL UEs in CE mode A.

	from LG Electronics
Observation 1: Dual RX antenna operation of non-BL and CE mode UE may enhance user experience (e.g., coverage and throughput) further even without a dual layer reception functionality by using the following capabilities
• Downlink throughput can be improved by leveraging spatial diversity gain in high SNR region
• Even in mid SNR region, UE may be able to enhance effective SNR using dual RX antenna and find more chances to receive higher modulation order
• In low SNR region and/or interference limited environment, UE may be able to overcome the poor radio environment by utilizing advanced receiver which requires more than one RX antenna such as MRC, LMMSE-IRC, eLMMSE-IRC, ML, CRS-IC, NAICS, ISIC, and so on

	from ZTE
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.
Proposal 1: Dual layer DL reception can be supported in CE mode A for non-BL UEs.

	from Intel Corporation
Proposal 1: DL dual layer reception is not supported for non-BL UEs in CE mode

	from Samsung
Proposal 1: DL dual layer transmission can be specified for CE Mode A if performance gain is verified.
Proposal 2: If DL dual layer transmission is supported, TM9 is preferred.
Proposal 3: If DL dual layer transmission is supported, only single codeword is used.

	from Qualcomm Incorporated
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. 
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



2.2. Feedback based on CSI-RS
Agreements until RAN1#95:
· 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
· CSI-RS based CSI feedback is not supported for non-BL UEs at least in CE mode B

· 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

Summary of Issues and Proposals:
Issue 1) CSI-RS based CSI feedback is supported for non-BL UEs in CE mode A
· [bookmark: _GoBack]Supported – ZTE, Huawei, HiSilicon, [Ericsson (if benefits are verified at SNR levels associated with enhanced coverage)], [Intel], [Samsung], [LGE]
· not supported – Qualcomm

Most companies share the same view on the motivation of introducing CSI-RS based CSI feedback for non-BL UEs given as follows
· CSI-RS can be used for more than 4Tx antenna port-based TM9
· CSI measurement performance can be improved by using zero power CSI-RS configuration to avoid collision on CSI-RS REs when interference power is not negligible

Companies expressed concerns about whether it can bring enough performance gain because the current CSI-RS structure was expected to be vulnerable to low SNR mainly due to its inherent sparse placement with respect to time and frequency. However, the aforementioned concerns are addressed by the evaluation results in [6] which proves that non-negligible performance gain can be achieved under a certain condition even with the existing CSI-RS density. Though it is not without its other potential issues such as CSI feedback overhead, CSI report latency, and so on, based on the evaluation outcome, feature-lead would like to propose the following.
Suggested Proposal
The current CSI-RS based CSI feedback is supported for non-BL CE UEs operating CE mode A. FFS on:
The number of CSI-RS ports
Bandwidth of CSI-RS
CSI feedback mechanism
Resource assignment issue due to REs used for CSI-RS

Proposals, observations, and conclusions are copied in the table below.
	from Ericsson
Proposal 2: The potential benefits of using feedback based on CSI-RS for beamforming-based transmission at SNR levels associated with enhanced coverage shall be evaluated (e.g., in terms of improving the selection of the correct precoder).

	from Huawei, HiSilicon
-

	from Nokia, Nokia Shanghai Bell
Proposal 2: Study the performance gains with CSI feedback based on unprecoded CSI-RS for non-BL UEs in CE mode A.

	from LG Electronics
Observation 4: It will be beneficial if MPDCCH in USS and PDSCH are rate-matched around REs used for CSI-RS transmission when CSI-RS based CSI measurement/report is supported for non-BE UE in CE mode A and the maximum number of repetitions for the MPDCCH and the number of repetitions for the scheduled PDSCH are equal to 1

	from ZTE
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 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.

	from Intel Corporation
Observation 1: The benefits of CSI-RS-based CSI feedback may be quite limited considering the impact to UE complexity and achievable throughput gains even in CE mode A.
Proposal 2: If CSI-RS based CSI measurement is introduced,
• Repetitions of CSI-RS over consecutive  subframes for non-BL UEs in CE mode should be defined.
• CSI-RS periodicity  larger than 80 subframes needs to be introduced.
Proposal 3: If CSI-RS based CSI measurement is introduced, reuse the existing CSI-RS configurations defined in 3GPP TS 36.211 for 1, 2 and 4 antenna ports for non-BL UEs in CE mode.
Proposal 4: If CSI-RS based CSI measurement is introduced, CSI-RS configurations with increased density of CSI-RS REs should be considered.

	from Samsung
Proposal 4: Feedback based on CSI-RS can be considered for CE Mode A only if the benefit is verified.

	from Qualcomm Incorporated
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 
Proposal 3: CSI feedback based on CSI-RS is not supported for the non-BL UEs in CE mode A
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