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1. [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
In RAN1 #96bis meeting, the following agreements for CE mode A and B improvements for non-BL UEs were reached [1]:
· CSI-RS based CSI feedback is only supported in TM9
· The supported number of CSI-RS ports is only 8
· No further discussion on the modification on the design or configuration for support of CSI-RS for non-BL CE UEs in CE mode A in Rel-16. The baseline is Rel-15 CSI-RS.
· For CSI feedback of non-BL CE UE, RI is fixed to 1 if it is included as part of reporting on PUCCH or PUSCH
In this contribution, we further discuss CSI-RS based CSI feedback for non-BL UEs in CE mode A. 
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PMI feedback for 8 CSI-RS ports
In CE mode A, CSI feedback involves CQI and PMI feedback. For 8 CSI-RS ports, the dual PMI feedback will be supported for non-BL UEs in CE mode A. Thus, the PMI reporting mode for 8 CSI-RS ports needs to be considered. The existing 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
It can be observed that, the periodic reporting mode PUCCH 1-1 supports CSI-RS based PMI feedback for TM9 in CE mode A.
In LTE, PUCCH 1-1 submode 1 and 2 are applied for 8Tx dual codebooks feedback. When PUCCH 1-1 submode 1 is configured, RI and first PMI are reported in a subframe and CQI and second PMI are reported in another subframe. And RI and first PMI are jointly encoded and the codebooks of W1 are subsampled to restrict the size of feedback payload as shown in Table 1.
Table 1: Joint encoding of RI and first PMI for PUCCH mode 1-1 submode 1
	Value of joint encoding of RI and the first PMI


	RI
	
Codebook index 

	0-7
	1
	


	8-15
	2
	


	16-17
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	18-19
	4
	


	20-21
	5
	


	22-23
	6
	


	24-25
	7
	


	26
	8
	0

	27-31
	reserved
	NA



If PUCCH 1-1 submode 1 is used in CE mode A, first and second PMI 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 first PMI can be reported separately. And for W2, the number of the codebooks is 16, which is the same as the number of 4Tx codebooks. 
Proposal 1: PUCCH 1-1 submode 1 for 8 CSI-RS ports could be applied for non-BL UEs in CE mode A.
· First PMI is reported in a subframe and CQI and second PMI are reported in another subframe.
· The codebooks of W1 and W2 are not sub-sampled.


[bookmark: OLE_LINK7]When PUCCH 1-1 submode 2 is configured, CQI, first and second PMI 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. It implies that the reporting mechanism and codebook-subsampling of PUCCH 1-1 submode 2 can be reused for 8Tx CSI feedback in CE mode A.
Table 2: PUCCH mode 1-1 submode 2 codebook subsampling
	RI
	Relationship between the 

first PMI value and codebook index 
	Relationship between the 

second PMI value and codebook index 
	total

	
	
Value of the first PMI 
	
Codebook index 
	
Value of the second PMI
	
Codebook index 
	#bits

	1
	0-7
	

	0-1
	

	4

	2
	0-7
	

	0-1
	

	4

	3
	0-1
	

	0-7
	

	4

	4
	0-1
	

	0-7
	

	4

	5
	0-3
	
 
	0
	 0
	2

	6
	0-3
	

	0
	 0
	2

	7
	0-3
	

	0
	 0
	2

	8
	0
	 0
	0
	 0
	0



Observation 1: In existing PUCCH 1-1 submode 2 for 8 CSI-RS ports, 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 2: PUCCH 1-1 submode 2 for 8 CSI-RS ports can be reused for non-BL UEs in CE mode A
CSI-RS based CSI reference resource 
For CRS based CSI feedback in CE mode A, CSI reference resource spans a set of BL/CE downlink or special subframes in time domain and corresponds to the narrowband(s) used for MPDCCH monitoring in frequency domain. And CSI is calculated assuming transmission on all narrowband(s) in CSI reference resource. When frequency hopping is configured, UE needs multiple subframes to achieve one CSI measurement for all narrowbands since CSI measurement in a subframe can only be targeted to one MPDCCH narrowband. 
Whereas, considering that the non-BL UE has the capability to receive full band CSI-RS, CSI-RS based CSI measurement for all narrowbands in CSI reference resource can be performed in one subframe. Moreover, it has been verified that PMI feedback based on single CSI-RS subframe can provide performance benefit [2]. Hence, for CSI-RS based CSI feedback, CSI reference resource can be defined as a CSI-RS subframe in time domain. 
Observation 2: Based on CSI-RS, non-BL UEs can perform the CSI measurement for all narrowbands in one CSI-RS subframe for CE mode A.
Proposal 3: The CSI reference resource based on CSI-RS can be defined as a CSI-RS subframe in time domain for non-BL UEs in CE mode A. 
In frequency domain, the following two measurement bandwidths can be considered for CSI-RS based CSI reference resource:
· Option 1: Full band
When subband CSI feedback is configured, the non-BL UE can measure the CSI based on full band and report the optimal subband. But for wideband CSI feedback, the reported CSI may not match the transmission narrowbands, such as the wideband PMI for full band may not match the MPDCCH narrowbands.
· Option 2: Narrowbands for MPDCCH monitoring
The CSI is measured based on the narrowbands used for MPDCCH monitoring. This measurement bandwidth is not conducive to scheduling PDSCH of non-BL UEs over full band. And the CSI-RS transmitted on full band cannot be effectively utilized.
So it is beneficial that both of these measurement bandwidths are applied for CSI-RS based CSI feedback for non-BL UEs in CE mode A. When CSI-RS based subband CQI reporting, i.e. PUSCH 2-0, is configured, CQI is calculated assuming transmission on full band in order to report the optimum subband in full band. Meanwhile, when CSI-RS based wideband CQI and PMI reporting, i.e. PUCCH 1-1, is configured, the CQI and PMI can be calculated assuming transmission on the narrowband(s) for MPDCCH monitoring to match the transmission narrowband(s).
Proposal 4: For non-BL UEs in CE mode A, the following measurement bandwidth can be considered for CSI-RS based CSI feedback:
· For subband CQI reporting, i.e. PUSCH 2-0, the CQI is calculated assuming transmission on full band.
· For wideband CQI and PMI reporting, i.e. PUCCH 1-1, the CQI and PMI are calculated assuming transmission on the narrowband(s) for MPDCCH monitoring
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: In existing PUCCH 1-1 submode 2 for 8 CSI-RS ports, 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 2: Based on CSI-RS, non-BL UEs can perform the CSI measurement for all narrowbands in one CSI-RS subframe for CE mode A.
Proposal 1: PUCCH 1-1 submode 1 for 8 CSI-RS ports could be applied for non-BL UEs in CE mode A.
· First PMI is reported in a subframe and CQI and second PMI are reported in another subframe.
· The codebooks of W1 and W2 are not sub-sampled.
Proposal 2: PUCCH 1-1 submode 2 for 8 CSI-RS ports can be reused for non-BL UEs in CE mode A
Proposal 3: The CSI reference resource based on CSI-RS can be defined as a CSI-RS subframe in time domain for non-BL UEs in CE mode A.
Proposal 4: For non-BL UEs in CE mode A, the following measurement bandwidth can be considered for CSI-RS based CSI feedback:
· For subband CQI reporting, i.e. PUSCH 2-0, the CQI is calculated assuming transmission on full band.
· For wideband CQI and PMI reporting, i.e. PUCCH 1-1, the CQI and PMI are calculated assuming transmission on the narrowband(s) for MPDCCH monitoring
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