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1. [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
In RAN1 #97 meeting, the following agreements for CE mode A and B improvements for non-BL UEs were reached [1]:
· Table 7.2.4-1 of TS 36.213 is reused for the support of CSI-RS based CSI feedback for non-BL UEs in CE mode A.
· Aperiodic CSI-RS is not supported for the non-BL UE operating in CE mode A in Rel-16
· Regarding the RAN2 LS in R1-1905934, send the following in reply LS to RAN2 
· It is feasible for a non-BL UE in CE in connected mode to monitor MPDCCH to receive ETWS indication and/or CMAS indication using Type 0 CSS in the same narrowband where unicast transmission can be received
· It is feasible for a non-BL UE in CE in connected mode to monitor USS and Type 0 CSS simultaneously in the same narrowband 
· Type 0 CSS is also supported in CE mode B. FFS: Details of DCI format 
· Periodic CSI report mode 1-1 is supported for non-BL UE in CE mode A. FFS: Details
In this contribution, we further discuss CE mode A and B improvements for non-BL UEs. 
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CSI-RS based CSI feedback
PUCCH1-1 reporting mode
According to the agreements, periodic CSI report mode 1-1 is supported for non-BL UE in CE mode A. In LTE, PUCCH1-1 mode utilizes submode 1 and 2 to support CSI feedback for 8 CSI-RS ports. The precoder for 8Tx antennas contains 256 codebooks, 128 of which are duplicate codebooks. In order to save feedback overhead, submode 1 and 2 use different feedback mechanisms and codebook subsampling sets. 
In existing submode 1 for 8 CSI-RS ports, the following mechanisms are used for CQI and PMI report.
· In the subframe where RI/first PMI is reported, UE reports a type 5 report consisting of RI and wideband first PMI. 
· In the subframe where CQI/second PMI is reported, UE reports a type 2b report, consisting of wideband CQI and wideband second PMI.
· RI and first PMI are jointly encoded and the codebooks for first PMI are subsampled as shown in Table 7.2.2-1E.
Table 7.2.2-1E: 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
	3
	


	18-19
	4
	


	20-21
	5
	


	22-23
	6
	


	24-25
	7
	


	26
	8
	0

	27-31
	reserved
	NA



From Table 7.2.2-1E, the subsampled codebooks are defined as 128 non-duplicate codebooks when RI equals to 1. This codebook subsampling does not degrade the performance of 1-layer PMI feedback, so it can be applied for non-BL UEs in CE mode A. However, RI report is not supported in CE mode A. The existing information of 5 bits for joint coding of RI and first PMI will waste the feedback overhead for CE mode A. Therefore, in PUCCH1-1 for CE mode A, 3-bit information is sufficient for first PMI feedback using the subsampled codebooks of RI=1 in Table 7.2.2-1E.
Observation 1: For existing PUCCH 1-1 submode 1, 3-bit payload is sufficient for first PMI feedback using the subsampled codebooks of RI=1 in Table 7.2.2-1E for non-BL UEs in CE mode A.
In existing submode 2 for 8 CSI-RS ports, the following mechanisms are used for CQI and PMI report.
· In the subframe where CQI/first PMI/second PMI is reported, UE reports a type 2c report consisting of wideband CQI, wideband first and second PMI. 
· The codebooks for first and second PMI are subsampled as shown in Table 7.2.2-1D.
Table 7.2.2-1D: 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



From Table 7.2.2-1D, since CQI/first PMI/second PMI is reported in the same subframe, the number of subsampled codebooks is restricted to 16, which is much smaller than the number of all 8Tx codebooks. This will affect the performance of PMI feedback for submode 2. In Figure 1 and 2, PMI feedback with subsampled codebooks for submode 2 shows performance degradation compared to that with all 8Tx codebooks. And the codebook subsampling for submode 2 significantly reduces the gain of CSI-RS based 8Tx PMI feedback over CRS based 4Tx PMI feedback, especially for low SNR region. Therefore, PUCCH1-1 submode 2 is not appropriate for CSI-RS based CSI feedback for no-BL UEs in CE mode A. 
Observation 2: For existing PUCCH 1-1 submode 2, PMI feedback with subsampled codebooks shows performance degradation compared to that with all 8Tx codebooks.
[image: ]
Figure 1 PMI reporting performance for repetition=1
[image: ]
Figure 2 PMI reporting performance for repetition=4
According to the above simulation and analysis, in PUCCH1-1, the following report mechanisms can be considered to support CSI-RS based CSI feedback for non-BL UEs in CE mode A.
· In the subframe where first PMI is reported, UE reports a type 2a report consisting of wideband first PMI. 
· In the subframe where CQI/second PMI is reported, UE reports a type 2b report consisting of wideband CQI and wideband second PMI.
· The codebooks for first PMI are subsampled based on codebook index i1 of RI=1 in existing submode 1.
Proposal 1: In PUCCH 1-1 mode, the following report mechanisms can be considered to support CSI-RS based CSI feedback for non-BL UEs in CE mode A.
· In the subframe where first PMI is reported, UE reports a type 2a report consisting of wideband first PMI. 
· In the subframe where CQI/second PMI is reported, UE reports a type 2b report consisting of wideband CQI and wideband second PMI.
· The codebooks for first PMI are subsampled based on codebook index i1 of RI=1 in existing submode 1.
CSI-RS based CSI reference resource 
For CRS based CSI feedback in CE mode A, CSI is calculated assuming transmission on all narrowband(s) in CSI reference resource. The UE configured in CE mode A can only receive the CRS within one narrowband in a subframe. So when frequency hopping is enabled, the UE needs multiple subframes to achieve a CSI measurement for all narrowbands. Hence, CRS based CSI reference resource spans a set of BL/CE downlink or special subframes in time domain and corresponds to all narrowband(s) used for MPDCCH monitoring in frequency domain.
However, for CSI-RS based CSI feedback in CE mode A, the non-BL UE has the capability to receive full band CSI-RS. So a CSI measurement for all narrowbands in CSI reference resource can be performed in one subframe. Therefore, for non-BL UEs in CE mode A, CSI-RS based CSI reference resource could be defined as one or more CSI-RS subframes in time domain. 
Observation 3: Based on CSI-RS, a CSI measurement for all narrowbands in CSI reference resource can be performed in one subframe for CE mode A.
Proposal 2: CSI reference resource based on CSI-RS can be defined as one or more CSI-RS subframes in time domain for non-BL UEs in CE mode A. 
In frequency domain, non-BL UEs can utilize CSI-RS to measure CSI based on any bandwidth in entire bandwidth range. The following two measurement bandwidths can be prioritized:
· 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 CSI reporting, e.g. PUSCH 2-0, is configured, CSI is calculated assuming transmission on full band in order to report the optimum subband in full band. Meanwhile, when CSI-RS based CSI reporting, e.g. PUCCH 1-1, is configured, the CSI can be calculated assuming transmission on all narrowband(s) for MPDCCH monitoring to match the transmission narrowband(s).
Proposal 3: For non-BL UEs in CE mode A, the following measurement bandwidth can be prioritized for CSI-RS based CSI feedback:
· For subband CSI reporting, the CSI is calculated assuming transmission on full band.
· For wideband CSI reporting, the CSI is calculated assuming transmission on all narrowband(s) for MPDCCH monitoring.
For the UE configured with CE mode A and CSI-RS based wideband CQI/PMI report, a CQI index, a first PMI index and a second PMI index need to be reported regardless of size of measurement bandwidth. Hence, if only wideband CSI report is supported for CSI-RS for non-BL UEs in CE mode A, measurement bandwidth can be dependent on UE implementation.
ETWS/CMAS in Connected Mode
In last meeting, it is supported to utilize type0-CSS to indicate ETWS/CMAS for both CE mode A and B for non-BL UEs in CE in connected mode and details of DCI format is FFS. Some schemes propose that the existing DCI format 3/3A for TPC command is also used for ETWS/CMAS indication. But the following considerations imply that DCI format 3/3A may be inappropriate.
Firstly, the size of DCI format 3/3A is equal to the size of 6-0A, which is larger than the size of 6-0B. If a UE monitors DCI format 3/3A and DCI format 6-0B/6-1B simultaneously in CE mode B, the maximum number of blind detections will be increased by 4. And ETWS/CMAS indication is not present frequently, so monitoring DCI format 3/3A in CE mode B will seriously waste UE power consumption. 
Observation 4: In CE mode B, if the non-BL UE monitors DCI format 3/3A and DCI format 6-0B/6-1B simultaneously, the maximum number of blind detections will be increased by 4.
Secondly, the existing DCI format 3/3A are used to indicate TPC command for PUCCH and PUSCH. When a DCI format is descrambled by TPC-PUCCH-RNTI or TPC-PUSCH-RNTI, it is possible that this DCI format is not 3/3A or control information in DCI format 3/3A is incorrectly decoded. In this case, since DCI format 3/3A notifies multiple TPC commands and each TPC command is 2-bit/1-bit of information, the UE cannot judge the accuracy of DCI format 3/3A information by additional check. So in practice, DCI format 3/3A has a high false alarm rate which is not conducive to ETWS/CMAS indication.
Observation 5: The existing DCI format 3/3A for TPC command has a high false alarm rate which is not conducive to ETWS/CMAS indication.
Therefore, we propose to use DCI format 6-1A and 6-1B to indicate ETWS/CMAS for CE mode A and B respectively to avoid an increase of number of blind detections. In DCI format 6-1A/6-1B for ETWS/CMAS indication, etws-Indication and cmas-Indication can be represented by two 1-bit fields as in DCI format 6-2. If etws-Indication and/or cmas-Indication is present, UE needs to detect the corresponding ETWS and/or CMAS notification in SIB. In addition, some check bits are introduced in DCI format 6-1A and 6-1B, e.g. 10 check bits, to prevent ETWS/CMAS false alarm. If the check bits are not decoded correctly, UE can discard this decoded downlink control information. Furthermore, for CE mode A, additional bits of value zero are appended to format 6-1A until the size is equal to that of format 6-0A. And for CE mode B, additional bits of value zero are appended to format 6-1B until the size is equal to that of format 6-0B. Also, these appended bits can be reserved for further enhancements. Meanwhile, new RNTI is defined to support DCI format 6-1A/6-1B for ETWS/CMAS indication.
Proposal 4: For non-BL UEs in CE in connected mode, DCI format 6-1A and 6-1B can be used to indicate ETWS/CMAS for CE mode A and B respectively.
· [bookmark: OLE_LINK17][bookmark: OLE_LINK18]ETWS indication field
· CMAS indication field
· Check bits
· New RNTI is defined to support DCI format 6-1A/6-1B for ETWS/CMAS indication.
3. Conclusion
In this contribution, we discuss CE mode A and B improvements for non-BL UEs. And following observations and proposals are given:
Observation 1: For existing PUCCH 1-1 submode 1, 3-bit payload is sufficient for first PMI feedback using the subsampled codebooks of RI=1 in Table 7.2.2-1E for non-BL UEs in CE mode A.
Observation 2: For existing PUCCH 1-1 submode 2, PMI feedback with subsampled codebooks shows performance degradation compared to that with all 8Tx codebooks.
Observation 3: Based on CSI-RS, a CSI measurement for all narrowbands in CSI reference resource can be performed in one subframe for CE mode A.
Observation 4: In CE mode B, if the non-BL UE monitors DCI format 3/3A and DCI format 6-0B/6-1B simultaneously, the maximum number of blind detections will be increased by 4.
Observation 5: The existing DCI format 3/3A for TPC command has a high false alarm rate which is not conducive to ETWS/CMAS indication.
Proposal 1: In PUCCH 1-1 mode, the following report mechanisms can be considered to support CSI-RS based CSI feedback for non-BL UEs in CE mode A.
· In the subframe where first PMI is reported, UE reports a type 2a report consisting of wideband first PMI. 
· In the subframe where CQI/second PMI is reported, UE reports a type 2b report consisting of wideband CQI and wideband second PMI.
· The codebooks for first PMI are subsampled based on codebook index i1 of RI=1 in existing submode 1.
[bookmark: _GoBack]Proposal 2: CSI reference resource based on CSI-RS can be defined as one or more CSI-RS subframes in time domain for non-BL UEs in CE mode A. 
Proposal 3: For non-BL UEs in CE mode A, the following measurement bandwidth can be prioritized for CSI-RS based CSI feedback:
· For subband CSI reporting, the CSI is calculated assuming transmission on full band.
· For wideband CSI reporting, the CSI is calculated assuming transmission on all narrowband(s) for MPDCCH monitoring.
Proposal 4: For non-BL UEs in CE in connected mode, DCI format 6-1A and 6-1B can be used to indicate ETWS/CMAS for CE mode A and B respectively.
· ETWS indication field
· CMAS indication field
· Check bits
· New RNTI is defined to support DCI format 6-1A/6-1B for ETWS/CMAS indication.
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