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1. [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
In RAN1 #96 meeting, the following agreements for CE mode A and B improvements for non-BL UEs were reached:
· RAN1 has no consensus on the support for dual layer DL reception for non-BL UEs in CE mode A in Rel-16
· 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
In this contribution, we further discuss CSI-RS based CSI feedback for non-BL UEs in CE mode A. 
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Number of CSI-RS ports
The accuracy of CSI-RS based CSI feedback is lower than CRS based CSI feedback due to low density of CSI-RS. Hence, when the number of CSI-RS and CRS ports are same, CSI-RS based CSI feedback cannot provide performance benefit in CE mode A. Figure 1 in the appendix shows that the throughput performance of CSI-RS based CSI feedback is lower than that of CRS based CSI feedback in the low SNR. However, if the number of CSI-RS ports is more than that of CRS ports, the PMI feedback based on CSI-RS can show a larger beamforming gain since more transmitted antennas are utilized. In last meeting, we verified the gain of 8-port CSI-RS based PMI feedback compared to 4-port CRS based PMI feedback in CE mode A [2]. Furthermore, the main performance difference between CSI-RS and CRS based CSI feedback is due to PMI feedback in CE mode A. So it implies that CSI-RS based CSI feedback can show better performance when the number of CSI-RS ports is more than that of CRS ports. 
Observation 1: When the number of CSI-RS ports is more than the number of CRS ports, CSI-RS based CSI feedback can show better performance due to PMI feedback.
Therefore, 2, 4 and 8 CSI-RS ports can be supported for non-BL UEs in CE mode A. And CSI-RS based CSI feedback can be used for the case which the number of CSI-RS ports is more than the number of CRS ports.
Proposal 1: CSI-RS based CSI feedback can be used for the case which the number of CSI-RS ports is more than the number of CRS ports for non-BL UEs in CE mode A.
· 2, 4 and 8 CSI-RS ports could be supported. 
CSI feedback mechanism
In CE mode A, CQI and PMI feedback are supported for CSI feedback. And the CSI reporting modes for CE mode A are given as below.
· TM1: PUCCH 1-0, PUSCH 2-0
· TM2: PUCCH 1-0, PUSCH 2-0
· TM6: PUCCH 1-1, PUSCH 2-0
· TM9: PUCCH 1-0, PUCCH 1-1, PUSCH 2-0
The performance benefit of CSI-RS based CSI feedback to CRS based CSI feedback is reflected in PMI feedback. So CSI-RS based CSI feedback should be used in the reporting mode which involves PMI feedback. It can be observed that, in TM9, the periodic reporting mode PUCCH 1-1 supports PMI feedback for CE mode A. Thus, it should be considered that CSI-RS based CSI feedback uses PUCCH 1-1 mode for non-BL UEs in CE mode A.
Proposal 2: CSI-RS based CSI feedback should use PUCCH 1-1 mode for non-BL UE in CE mode A.
For 8 CSI-RS ports, the dual codebooks feedback will be introduced for non-BL UEs in CE mode A. In LTE PUCCH 1-1 mode, submode 1 and 2 are applied for 8Tx dual codebooks feedback. When PUCCH 1-1 submode 1 is configured, RI and W1 are reported in a subframe and CQI and W2 are reported in another subframe. And RI and W1 are jointly encoded and the codebooks of W1 are subsampled to restrict the size of feedback payload. 
If PUCCH 1-1 submode 1 is used in CE mode A, W1 and W2 will be respectively reported in different subframes. Moreover, the codebook subsampling is not required for W1 and W2. This is because, for W1, no RI is supported in CE mode A. And for W2, the number of the codebooks is 16, which is the same as the number of 4Tx codebooks.
Proposal 3: PUCCH 1-1 submode 1 for 8 CSI-RS ports could be applied for non-BL UE in CE mode A.
· W1 and W2 are respectively reported in different subframes.
· The codebooks of W1 and W2 are not sub-sampled.


[bookmark: OLE_LINK7]In LTE PUCCH 1-1 submode 2, CQI, W1 and W2 are reported in the same subframe. The codebooks of W1 and W2 are subsampled to restrict reporting payload. Table 2 shows the subsampled codebook for 8 CSI-RS ports for first and second precoding matrix indicator  and . In Table 1, the payload of PMI feedback is restricted to 4 bits, which is the same as the payload of 4Tx PMI feedback. Thus, the reporting mechanism and codebook-subsampling of PUCCH 1-1 submode 2 can be reused for 8Tx CSI feedback in CE mode A.
Table 1: PUCCH mode 1-1 submode 2 codebook subsampling
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Observation 2: For PUCCH 1-1 submode 2, the payload of PMI feedback is restricted to 4 bits, which is the same as the payload of 4Tx PMI feedback in CE mode A.
Proposal 4: PUCCH 1-1 submode 2 for 8 CSI-RS ports can be reused in CE mode A
Resource assignment
For target Rel-16 non-BL UEs, the following operations can be considered: 
When the number of repetitions of data packet is 1, the resource elements occupied by CSI-RSs are not counted in the data mapping and not used for transmission of the data to reduce the impact of CSI-RS overhead. In receiver, the UE assumes that CSI-RS REs are rate matching around. 
If data packet is transmitted repetitively, rate matching cannot be used for CSI-RS REs since the repeated data needs to be combined in receiver. Hence, when the number of repetitions of data packet is more than or equal to 2, the resource elements occupied by CSI-RSs are counted in the data mapping but not used for transmission of the data. In receiver, the UE assumes that data transmissions in CSI-RS REs are punctured.
For the Rel-16 non-BL UEs interfered by aggressor CSI-RS, the following operations can be considered:
[bookmark: _GoBack]In order to reduce the impact of CSI-RS interference, eNB can configure CSI-RS muting or zero-power CSI-RS on the REs interfered by aggressor CSI-RSs for Rel-16 non-BL UE. Thus, when the number of repetitions of data packet is 1, rate matching can be performed for these interfered REs. In receiver, the UE assumes that the interfered REs are rate matching around. When the number of repetitions of data packet is larger than or equal to 2, puncturing is performed for these interfered REs. Correspondingly, the UE assumes data transmissions in the interfered REs are punctured. 
Proposal 5: For non-BL UEs in CE mode A, CSI-RS can be transmitted and received by rate matching around for R=1 and puncturing for R2.
· For MPDCCH, R is the maximum number of repetitions
· For PDSCH, R is the number of repetitions
CSI-RS bandwidth
In CRS based CSI feedback, when frequency hopping is configured, CSI measurement is performed for the narrowband used for MPDCCH monitoring. For full band CSI measurement, if CSI measurement is based on narrowband CSI, UE needs multiple measurement subframes to achieve one CSI reporting. This will significantly increase the feedback latency. Considering that the non-BL UE has the capability to receive full band CSI-RS, the CSI for all narrowbands can be measured in one subframe. 
Observation 3: Based on wideband CSI-RS, the non-BL UEs can perform the CSI measurement for all narrowbands in one subframe in CE mode A.
However, the wideband 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 would be expected. Therefore, the CSI-RS for single narrowband can reduce the CSI-RS interference if the latency requirement is low. The narrowband CSI-RS is transmitted only on the narrowband used for current data transmission and has no impact on other narrowbands. Further, it could be considered to apply different CSI-RS subframe configurations for wideband and narrowband CSI-RS respectively or indicate the bandwidth of CSI-RS via DCI signaling.
Observation 4: The wideband CSI-RS configured for one UE may cause some interference to other UEs whose transmission overlaps with the CSI-RS bands.
Proposal 6: Both wideband CSI-RS and narrowband CSI-RS can be supported for non-BL UEs in CE mode A.
3. Conclusion
In this contribution, we discuss CSI-RS based CSI feedback in CE mode A for non-BL UEs. And following observations and proposals are given:
Observation 1: When the number of CSI-RS ports is more than the number of CRS ports, CSI-RS based CSI feedback can show better performance due to PMI feedback.
Observation 2: For PUCCH 1-1 submode 2, the payload of PMI feedback is restricted to 4 bits, which is the same as the payload of 4Tx PMI feedback in CE mode A.
Observation 3: Based on wideband CSI-RS, the non-BL UEs can perform the CSI measurement for all narrowbands in one subframe in CE mode A.
Observation 4: The wideband CSI-RS configured for one UE may cause some interference to other UEs whose transmission overlaps with the CSI-RS bands.
Proposal 1: CSI-RS based CSI feedback can be used for the case which the number of CSI-RS ports is more than the number of CRS ports for non-BL UEs in CE mode A.
· 2, 4 and 8 CSI-RS ports could be supported. 
Proposal 2: CSI-RS based CSI feedback should use PUCCH 1-1 mode for non-BL UE in CE mode A.
Proposal 3: PUCCH 1-1 submode 1 for 8 CSI-RS ports could be applied for non-BL UE in CE mode A.
· W1 and W2 are respectively reported in different subframes.
· The codebooks of W1 and W2 are not sub-sampled.
Proposal 4: PUCCH 1-1 submode 2 for 8 CSI-RS ports can be reused in CE mode A.
Proposal 5: For non-BL UEs in CE mode A, CSI-RS can be transmitted and received by rate matching around for R=1 and puncturing for R2.
· For MPDCCH, R is the maximum number of repetitions
· For PDSCH, R is the number of repetitions
Proposal 6: Both wideband CSI-RS and narrowband CSI-RS can be supported for non-BL UEs in CE mode A.
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Figure 1 Throughput performance of 4-port CSI-RS and 4-port CRS PMI reporting
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