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1. Introduction

In RAN1#94 meeting, CE mode A and B improvements for non-BL UE was discussed. And the relevant agreements [1] are given below:
· 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

In this contribution, we discuss the performance benefit of dual layer DL reception and CSI-RS based CSI feedback. 
2. Discussion

Dual layer DL reception
In CE mode A, the scenarios which are applicable for no repetition usually have higher SNR regions. In section 8.11.1 of TS36.101, the performance requirements for PDSCH in some scenario for CE mode A are defined as more than 12dB of SNR with impairment margin. These SNR region can be considered for dual layer transmission. Thus, in CE mode A, it is possible that non-BL UE accurately demodulate dual layer of data, especially for more than or equal to 4 Tx antennas. Therefore, CE mode A should support dual layer DL reception for non-BL UE to improve throughput performance. 
Observation 1: Current performance requirements for PDSCH for some scenario of CE mode A are defined as more than 12dB of SNR with impairment margin.
Proposal 1: CE mode A should support dual layer DL reception for non-BL UE to improve throughput performance.

In LTE, two codewords are enabled when dual layer transmission is configured, i.e. one codeword for each layer. Correspondingly, eNB configures the DCI formats where two groups of MCS, NDI and RV are respectively used for two codewords. But in NR specifications, all the SU-MIMO with less than or equal to 4 layers apply single codeword transmission. In CE mode A, the current DCI format 6-1A supports single codeword transmission. Thus, if dual layer DL reception is applied in CE mode A, the two following options related to layer mapping should be down-selected:
· Option 1: two-codeword to two-layer

· Option 2: one-codeword to two-layer
For two-codeword to two-layer, a new DCI format for two codewords needs to be introduced or DCI format 6-1A is extended to a lager DCI size containing two codewords. In LTE, when two layers fall back to one layer, dual-codeword DCI format switches to single-codeword DCI format. Whereas, the current CE mode A has only one DL DCI format. The extended DCI format for two codewords will results in the waste of control channel resource when one codeword is enabled. Also, this lager DCI size will cause MPDCCH demodulation performance degradation. Moreover, UE needs to report two CQI and ACK/NACK for both codewords , which will increase feedback overhead significantly. And CQI reporting for two codewords is more complex than one codeword.
Observation 2: The extended DCI format for two codewords will cause waste of control channel resource when one codeword is enabled.
Compared with two-codeword to two-layer, one-codeword to two-layer can save DCI overhead and reduce UE feedback load and complexity. Meanwhile, one codeword also requires less overhead of MAC header than two codewords. Additionally, one-codeword to two-layer can obtain more coding gain due to usage of larger data block. Hence, one-codeword to two-layer can achieve better decoding accuracy and save power consumption. On the other hand, CE mode A with one-codeword to two-layer is also applicable for LTE legacy UE. In LTE with 4 layers, UE can enable one-codeword to two-layer transmission when one codeword is re-transmitted. Therefore, one-codeword to two-layer is more suitable for dual layer DL reception for CE mode A improvements. Note, the TB size for one-codeword to two-layer needs to be specified. 
Observation 3: Compared with two-codeword to two-layer, one-codeword to two-layer can reduce the overhead of DCI and MAC header, UE feedback load and feedback complexity. Also larger data block results in higher coding gain.
Observation 4: In both LTE and NR, currently the UEs can perform one-codeword to two-layer transmission. 
Proposal 2: One-codeword to two-layer can be used for dual layer DL reception.
In Rel-15, the transmission modes of CE mode A include TM1, TM2 and TM6 for CRS based demodulation and TM9 for DMRS based demodulation. It can be observed that both CRS based TM and DMRS based TM are configured for one layer. But only DMRS based TM can be used for dual layer. Thus, at least one CRS based TM for dual layer, i.e. TM4, should be introduced in CE mode A improvement for non-BL UE.

Proposal 3: TM4 should be introduced for dual layer transmission.
In addition, if dual layer DL reception is defined in CE mode A, RI reporting needs to be specified.
CSI-RS based feedback

In Rel-15 CE mode A, CSI measurement is performed based on CRS instead of CSI-RS in TM9. But for 4 Tx antennas with 2 CRS ports or 8 Tx antennas, only two downlink physical antennas can be used simultaneously. Furthermore, the number of Tx antennas supported by LTE will be more and more. As a coexistence network with LTE, MTC should have the capability of using more Tx antennas. Then, the CSI for these Tx antennas is measured based on CSI-RS. So CSI-RS based feedback can provide performance gain for CE mode A.
Observation 5: CSI-RS can be used for CSI measurement for more than 4Tx antennas in CE mode A.
For BL/CE UE, the CSI measurement is restricted to a subset of narrow bands used for MPDCCH monitoring in CE mode A. If the CSI measurement for all the narrow bands of full band is required, UE will perform one CSI reporting for full band in multiple feedback subframes. This will significantly increase the feedback latency. But for non-BL/CE UE, CSI-RS can be considered to measure CSI in CE mode A. The transmission bandwidth of CSI-RS can be configured by eNB based on different requirements. Hence, in CE mode A, CSI-RS can be transmitted on the bandwidth of 1.4MHz for single narrow band, 5MHz for multiple narrow bands and 20MHz for full band. Thus, tt is feasible that non-BL UE receives full band CSI-RS configured by eNB. Then, CSI-RS configured in full band can perform the CSI measurement for all the narrow bands in one subframe. 
Observation 6: CSI-RS can be used for CSI measurement for all the narrow bands within the system bandwidth.
Proposal 4: CSI-RS based CSI feedback can be supported in CE mode A improvements.
Mode B improvements for non-BL UE
CE mode B is used for large coverage scenarios with extremely low SNR. Usually, high repetition number and frequency hopping are requested in these scenarios. Then, frequency hopping cause that the reported CSI cannot match the current transmission narrow band. And extremely low SNR leads to inaccurate channel estimation. So BL/CE UE configured with CE Mode B is not expected to be configured with CSI reporting. Also, these issues still exist for non-BL UE with CE mode B. Additionally, CSI measurement based on CSI-RS cannot effectively suppress the noise because of very low density of CSI-RS. It is difficult to estimate accurate channel status under extremely low SNR. Hence, feedback based on CSI-RS is not necessary in CE mode B for non-BL UE.

Regarding number of layers, the current single layer transmission still requires low modulation order and high repetition number to acquire data demodulation accuracy due to extremely low SNR in CE mode B. So dual layer DL reception is not appropriate for CE mode B. 
Proposal 5: Dual layer DL reception and feedback based on CSI-RS are not considered for CE mode B.
3. Conclusion

In this contribution, we discuss the performance benefit of dual layer DL reception and CSI-RS based CSI feedback. And the following observations and proposals can be given:
Observation 1: Current performance requirements for PDSCH for some scenario of CE mode A are defined as more than 12dB of SNR with impairment margin.

Observation 2: The extended DCI format for two codewords will cause waste of control channel resource when one codeword is enabled.

Observation 3: Compared with two-codeword to two-layer, one-codeword to two-layer can reduce the overhead of DCI and MAC header, UE feedback load and feedback complexity. Also larger data block results in higher coding gain.

Observation 4: In both LTE and NR, currently the UEs can perform one-codeword to two-layer transmission.

Observation 5: CSI-RS can be used for CSI measurement for more than 4Tx antennas in CE mode A.

Observation 6: CSI-RS can be used for CSI measurement for all the narrow bands within the system bandwidth.
Proposal 1: CE mode A should support dual layer DL reception for non-BL UE to improve throughput performance.

Proposal 2: One-codeword to two-layer can be used for dual layer DL reception.
Proposal 3: TM4 should be introduced for dual layer transmission.

Proposal 4: CSI-RS based CSI feedback can be supported in CE mode A improvements.

Proposal 5: Dual layer DL reception and feedback based on CSI-RS are not considered for CE mode B.
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