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1. Introduction

Agreements made by RAN1 and RAN2 for CE mode A and B improvements for non-BL UEs are listed in the table below.

	RAN1#94

Agreement

· 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

· 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
RAN1#94bis
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

Email agreement
· 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

RAN2#103b

Agreement

· RAN2 intends to support CMAS/ETWS for non-BL UEs in CE mode in connected mode.
RAN1#95
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


Take notice that RAN2 began a discussion about ‘ETWS/CMAS in connected mode’ which is one of topics suggested by WID[1], and made one agreement that CMAS/ETWS for non-BL UEs in CE mode in connected mode is supported. However, there’s no specific request from RAN2 to RAN1 about it so far. Therefore, we discuss only Dual-layer antenna related issues and CSI-RS based CSI feedback in this paper.
2. Discussion
In the previous releases for non-BL UE in CE mode, supporting features which are expected to bring power consumption reduction and coverage extension as much as BL UE, which is eMTC UE, were above all else. As a consequence, non-BL UE which features higher capabilities than MTC such as more than single reception antenna port over wideband up to 20MHz have not been able to fully utilize its capabilities when it is in CE mode, though non-BL UE in extended coverage mode would have provided better user experience in terms of downlink throughput and coverage if these capabilities had been taken into account for MTC standardization. Strictly speaking, there were already several attempts to improve data throughput taking advantage of wideband transceiver capability especially for non-BL UEs in Rel.14 but still a single receiving antenna was assumed.
In order to further enhance non-BL UE’s coverage and throughput even when it is in CE mode, we can consider exploiting the following capabilities that non-BL UE may be equipped with but have not been considered in the current specification for non-BL UE in CE mode.
· Dual layer reception

· Advanced receiver algorithms such as MRC, MMSE-IRC, eMMSE-IRC, ML, CRS-IC, NAICS(Network-Assisted Interference Cancellation and Suppression), ISIC(Inter-Stream Interference Cancellation), and so forth of which requirements are already defined in RAN4 specifications
With regard to dual layer reception, whether the radio environment where a meaningful performance gain in terms of throughput can be shown is practical or not is still controversial as summaries in [2]. Nonetheless, dual antenna is expected to bring better user experience in wide range of SNR.
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

As it can be easily imagined that downlink reception performance will be improved as much as at least 3dB by exploiting dual receiving antennas, multiple receiving antennas will lead to further coverage enhancement for non-BL CE mode UEs. However, this aspect is not allowed to be reflected when UE selects CE level because the current specification says UE shall determine its CE level based on the comparison between the measured downlink RSRP based on single RX antenna and the RSRP threshold values configured by higher layer. Therefore, in consideration of the aforementioned potential SNR gain, adding an offset value(e.g., 3dB) to the measured RSRP for CE level selection can be considered. However, another aspect we have to take notice of is uplink coverage won’t increase because non-BL UE is less likely to be equipped with multiple transmit antennas. Thus, if we would like to modify the current CE level selection criterion to compensate SNR gain which is not reflected in the measured RSRP so that the smaller number of repetitions for MPDCCH and PDSCH can be allocated, the potential issues, e.g., coverage imbalance between downlink and uplink, need to be carefully considered together. One of the simple but decent solutions which does not require much specification impact or effort can be given as follows
· An offset value(e.g., 3dB) can be added to the measured RSRP for CE level selection before Msg.1 transmission

· An offset value(e.g., 3dB) can be added to the measured RSRP for CE level selection before Msg.1 transmission in certain condition(s), e.g. uplink transmission power
· CE level selection criterion is the same as Rel.15, but UE reports the number of antenna ports that will be used at least to receive MPDCCH in type2-CSS via Msg.3

Observation 2: When a non-BL UE attempts to access the network in CE mode using more than one receiving antenna, the current CE level selection criterion is not suitable
· As RSRP defined for single RX antenna is the only criterion of CE level selection in the current specification, non-BL UE’s further coverage enhancement cannot be reflected in CE level/mode selection
· When non-BL UE exploits additional receiving antennas while using a single transmitting antenna, it may lead to a severe coverage imbalance between uplink and downlink

Another point worthwhile to consider is whether it is necessary UE turn on and off additional receiving antenna(s). And if we find some use cases, appropriate procedures need to be specified. On top of that, as mentioned in the Observation 1, we believe non-BL UE may use advanced receiving algorithms based on multiple RX antennas according to its capability in LTE mode in order to cope with poor radio environment due to low SNR or high colored interference power as an implementation choice. In this case, eNB may allocate smaller repetition number accordingly if eNB is aware of the UE’s receiving algorithm even without CQI report.
Observation 3: It will be beneficial to networks if eNB can be aware of the following information
· Whether non-BL UE is using its additional receiving antenna port(s) or not
· Whether and which advanced receiving algorithm based on multiple RX antennas is being utilized by non-BL UE

As for CSI-RS based CSI measurement and report, it may also have similar issue that CSI-RS based CSI estimation may not satisfy a required accuracy in a target SNR region for CE mode A. However, considering that TM9 is mostly used for analog beamforming, so called non-codebook based beamforming in specification terminology, which can improve SNR even when UE is placed in a poor radio environment in terms of SNR, there will be a misalignment between actual SNR, derived based on CRS, and effective SNR, based on DMRS. The misalignment may limit achievable SNR for TM9. On top of that, CSI-RS based CQI can be more appropriate than CRS-based one when inter-cell interference is also taken into account since it can reflect interference environment as well by means of, e.g. ZP-CSI-RS configuration. However, CSI-RS based CQI measurement could be too much sophisticated and complicated features to UE operating as if it is MTC even though this capability is already implemented in non-BE UE. Despite some potential shortcomings or concerns of supporting CSI-RS based CSI measurement for non-BL UE in CE mode, if RAN1 agrees to support it, what RAN1 definitely needs to discuss is a resource mapping rule taking into account CSI-RS REs in backward compatible manner.

According to the current specification, REs occupied by CSI-RS transmission are counted in the MPDCCH/PDSCH mapping but not used for transmission of the MPDCCH/PDSCH, which can be seen as puncturing mechanism, because MTC and non-BL UE in CE mode are not able to obtain CSI-RS configuration information. On the other hand, if CSI-RS configuration information can be provided to Rel.16 non-BL UE in CE mode, rate-matching mechanism can be adopted for MPDCCH/PDSCH transmission under certain conditions, e.g., for transmission of MPDCCH in USS at least if its maximum repetition number is equal to 1 and for transmission of UE specifically scheduled PDSCH at least if its scheduled repetition number is equal to 1. Here, the reason why the repetition number needs to be taken into account is because the rate-matching around REs not occupied by CSI-RSs which are transmitted sparsely over subframes may destroy symbol-level combining reception technique when the physical channel is transmitted over multiple subframes.
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
3. Conclusion
The observation are summarized as follows.
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

Observation 2: When a non-BL UE attempts to access the network in CE mode using more than one receiving antenna, the current CE level selection criterion is not suitable
· As RSRP defined for single RX antenna is the only criterion of CE level selection in the current specification, non-BL UE’s further coverage enhancement cannot be reflected in CE level/mode selection
· When non-BL UE exploits additional receiving antennas while using a single transmitting antenna, it may lead to a severe coverage imbalance between uplink and downlink

Observation 3: It will be beneficial to networks if eNB can be aware of the following information
· Whether non-BL UE is using its additional receiving antenna port(s) or not
· Whether and which advanced receiving algorithm based on multiple RX antennas is being utilized by non-BL UE

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
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