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1. Introduction

After having thorough investigations and extensive experiments on Dual-layer reception for a non-BL UE operating in CE modes, RAN1 reached a conclusion as follows:
· RAN1 has no consensus on the support for dual layer DL reception for non-BL UEs in CE mode A in Rel-16

On the other hand, RAN1 decided to support CSI-RS based CSI feedback for the non-NB UE operating CE mode A as follows:
Agreement
· Existing Rel-15 CSI-RS based CSI feedback is supported for non-BL CE UEs operating CE mode A. FFS on:

· The number of CSI-RS ports

· CSI feedback mechanism

· Resource assignment issue due to REs used for CSI-RS

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 mainly CSI-RS based CSI feedback in this paper.
2. Discussion
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.

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 PDSCH scheduled by the MPDCCH 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 repeatedly transmitted over multiple subframes.
Proposal 1: MPDCCH in USS and associated 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

Through RAN1 concluded that dual-layer reception for non-BL UEs in CE mode is not going to be discussed during Rel.16, the door is still open for the UE to make the best use of dual receiving antennas. 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 1: 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 2: 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

3. Conclusion
The proposal and observations are summarized as follows.
Proposal 1: MPDCCH in USS and associated 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

Observation 1: 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 2: 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
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