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1	Introduction
In RAN1#98 meeting, the following agreements and conclusions were achieved. 
[bookmark: _Ref178064866]
Agreement
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.

Conclusion
Aperiodic CSI-RS is not supported for the non-BL UE operating in CE mode A in Rel-16

Agreement
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 

Agreement
Type 0 CSS is supported in CE mode B
· FFS: Details of DCI format 

Agreement
Periodic CSI report mode 1-1 is supported for non-BL UE in CE mode A
· FFS: Details

In this contribution, we continue to discuss the support of CSI-RS based CSI feedback and the monitoring of ETWS/CMAS indication in connected mode for the non-BL UEs in CE mode A. 
2. CSI-RS based CSI feedback
PMI Feedback for 8 CSI-RS ports
It has been agreed that periodic CSI report mode 1-1 is supported for the non-BL UE in CE mode A. According to the current specification, PUCCH mode 1-1 submode 1 and 2 are supported for 8 CSI-RS ports. For submode 1, RI and first PMI are jointly coded and reported in a first subframe, CQI and second PMI are then reported in a second subframe. In PUCCH mode 1-1 submode 2, CQI, first PMI and second PMI are reported in the same subframe while RI feedback is in another subframe. 

For both submode 1 and 2, codebook subsampling is used to restrict the reporting payload. For submode 1, the codebooks of W1 are sampled as shown in Table 1 below, and for submode 2, the codebooks of both W1 and W2 are subsampled based on Table 2. 

Table 1: PUCCH mode 1-1 submode 1 codebook subsampling
	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


  

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




For CSI feedback of the non-BL UE, RI is fixed to 1. If PUCCH mode 1-1 submode 1 is used for the non-BL UE in CE mode A, only the first 8 codepoints in Table 1 are needed and the UE reports with a value range from 0 to 7. In [2], it was proposed not to use codebook subsampling for W1 in such case by not reporting RI. It is noted that this CSI feedback mechanism is currently used for FD-MIMO with Class A, for which PUCCH mode 1-1 consists of 3 reports: RI + W1 + W2/CQI with no codebook sampling for W1. The support of this mechanism requires UE capability for supporting FD-MIMO with Class A, and thus is not desired.  
If PUCCH mode 1-1 submode 2 is used for the non-BL UE, no specification change is needed since the PMI payload is restricted to 4 bits, which is same as 4Tx PMI feedback payload. However, the codebook subsampling of both W1 and W2 will cause significant performance loss. For 8Tx codebook, W1 describes a grid of DFT beams and W2 describes a beam selection and co-phasing. As shown in Figure 1, the 32 DFT beams of 8Tx codebook are divided to 16 groups each with 4 adjacent beams, i.e. the 16 W1 matrices for rank 1 are {0,1,2,3}, {2,3,4,5}, …, {28,29,30,31} and {30,31,0,1}. Therefore, the codebook subsampling of W1 by a factor of 2 removes overlapping W1 matrixes and the performance loss is limited. However, the codebook subsampling of W2 in Table 2 selects only the first beam out of 4 beams in W1 matrix with 2 co-phasing hypotheses (i.e. 0 or 90 degree). As a result, the total number of used precoders is reduced from 128 to 16. Therefore, there would be significant performance loss by the codebook subsampling of both W1 and W2 in submode 2. In LTE, UE is configured with both P-CSI and A-CSI reporting. When P-CSI feedback cannot provide sufficient PMI granularity, the eNB can trigger aperiodic CSI reporting to refine the CSI. However, only periodic CSI reporting is supported in CE mode A at least for the BL/CE UE. P-CSI reporting shall provide accurate CSI feedback as much as possible. Therefore, it is not desirable to support submode 2 for 8Tx CSI-RS ports. 
[image: ]

Figure 1: Mapping of 32 DFT beams to 16 W1 matrix for 8Tx codebook


Proposal 1: If PUCCH mode 1-1 submode 1 is configured, the non-BL UE is required to report  with a value range from 0 to 7.
Proposal 2: PUCCH mode 1-1 submode 2 is not supported for the non-BL UE in CE mode A. 

CSI Reference Resource
For CRS based CSI feedback, the CSI reference resource, which is used to derive the CQI value, consists of the narrowbands used for MPDCCH monitoring and may span over a set of subframes. The same principle can be adopted when CSI-RS is used for CSI reporting, and the non-BL UE measures and reports the CSI based on the CSI-RS on the narrowbands used for MPDCCH monitoring. Since the non-BL UE is capable of wideband reception, it is possible that the non-BL UE uses the CSI-RS outside the narrowbands for MPDCCH monitoring for improving CSI-RS channel estimation (i.e. wideband frequency domain filtering), however, the reported CSI shall be based on the narrowbands used for MPDCCH monitoring.  

Dependent on the configured maximum PDSCH transmission bandwidth, the PDSCH transmission bandwidth for the non-BL UE operating in CE mode A can be larger than 1.4MHz. It seems not performance optimum to report the CSI only for narrowbands used for MPDCCH monitoring. Although the similar issue is observed in Rel-14 for Cat M2 UE, we think it can be improved at least for the non-BL UE operating in CE mode A so that the reported CSI can accurately reflect the channel condition in the scheduled bandwidth. 
 
If the narrowbands other than those used for MPDCCH monitoring are used for CSI reporting, it should not be assumed that all the narrowbands of the system are used for CSI reporting. Generally, it is not expected that the CSI reporting bandwidth exceeds the configured maximum PDSCH transmission bandwidth. This is because CQI is defined based on the CSI reference resource, which denotes a possible PDSCH assignment. If the CSI reference resource has a bandwidth larger than the maximum PDSCH transmission bandwidth, the reported wideband CQI cannot be tested in RAN4. Secondly, the reported wideband CQI may not reflect the actual channel condition when the CQI is calculated based on a bandwidth not including PDSCH, and the performance of PDSCH is degraded if PDSCH is scheduled based on the reported wideband CQI.   

Therefore, for CSI-RS based CSI feedback, if the narrowbands other than those for MPDCCH monitoring are used for CSI reporting the total span in frequency domain shall not exceed the configured maximum PDSCH transmission bandwidth. For coexistence with NR, narrowbands reserved for NR DL transmission shall be excluded from CSI reporting. Therefore, it is required that the network has the flexibility to configure a subset of narrowbands for CSI reporting for the non-BL in CE mode A.  

Proposal 3: For CSI-RS based CSI feedback, a non-BL UE can be configured with a subset of the narrowband(s) in addition to the narrowbands for MPDCCH monitoring for CSI reporting. The total CSI reporting bandwidth shall not exceed the configured maximum PDSCH transmission bandwidth. 
3	ETWS/CMAS in connected mode
In CE mode A, a BL/CE UE can be configured with both Type0-CSS and USS on the same narrowband for MPDCCH monitoring. The set of MPDCCH candidates (i.e. aggregation level and blind decoding attempts), DCI sizes and RNTIs are different for Type0-CSS and USS, so the UE can differentiate these two. 
In RAN1#97 meeting, the reply LS to RAN2 was agreed. From RAN1 perspective, it is feasible for a non-BL UE in CE mode to monitor MPDCCH to receive ETWS indication and/or CMAS indication using Type0-CSS in the same narrowband as USS. The support of Type0-CSS in CE mode B was also agreed. 
With respect to simultaneous monitoring of Type0-CSS and USS in the same narrowband for ETWS indication and/or CMAS indication, the following options were proposed:
· Option 1: Using DCI format 3/3A with one of the multiple TPC commands repurposed to notify the ETWS/CMAS reception
· Option 2: Using DCI format 6-1A/1B but with a new RNTI for ETWS/CMAS notification
The DCI format 3/3A is now used for transmission of TPC commands to a group of UEs. The TPC command in DCI format 3 consists of 2 bits, and for DCI format 3A, the TPC command is 1-bit. When DCI format 3/3A is used for notifying ETWS/CMAS reception, one TPC command of DCI format 3 and two TPC commands of DCI format 3A will be reinterpreted as ETWS/CMAS notification, i.e. using one bit for ETWS and another for CMAS. The non-BL UE is configured with an index for ETWS/CMAS field in DCI format 3/3A, and the signalling design can be up to RAN2. However, in such case the number of TPC commands carried by DCI format 3/3A will be reduced by one or two. Since the transmission of ETWS/CMAS notification occurs rarely, a fixed reservation of some fields in DCI format 3/3A for ETWS/CMAS notification is not resource utilization efficient. Furthermore, when the non-BL UE receives ETWS/CMAS indication, the UE shall switch to DL to acquire ETWS/CMAS information, and in such case the TPC command in DCI format 3/3A is useless. 

For Option 2, a new RNTI for ETWS/CMAS notification is introduced. The non-BL UE is required to differentiate between normal DL grant and ETWS/CMAS notification based on the RNTI for scrambling CRC of the MPDCCH. If the RNTI for ETWS/CMAS notification is detected, the remaining bits of DCI format 6-1A/1B will be interpreted for ETWS/CMAS notification, i.e. using one bit for ETWS and another for CMAS. Different from Option 1, the transmission of ETWS/CMAS indication is based on the need. Therefore, the DCI format 6-1A/1B based option provides a more efficient transmission compared to the DCI format 3/3A based option.  
Proposal 4: Use DCI format 6-1A/1B with a new RNTI to notify the ETWS/CMAS reception for the non-BL UE in connected mode
To support Type0-CSS in CE mode B for ETWS/CMAS notification, the aggregation levels and the associated number of blind decoding attempts for Type0-CSS in CE mode B need to be defined. We can follow the similar design as in CE mode A as shwon in Table 3.   

Table 3: MPDCCH candidates for Type0-CSS in CE mode B
	If USS configured with 2+4 RBs
	{24,R1,1}{24,R2,1}{24,R3,1}{24,R4,1}

	If USS configured with 4 RBs
	{16,R1,1}{16,R2,1}{16,R3,1}{16,R4,1}

	If USS configured with 2 RBs
	{8,R1,1}{8,R2,1}{8,R3,1}{8,R4,1}



Proposal 5: Adopt Table 3 for MPDCCH candidates for Type0-CSS in CE mode B
Another issue for Type0-CSS in CE mode B is the DCI format size. Since the transmission of ETWS/CMAS indication is intended to a group of UEs in the cell, the DCI format size shall not be dependent on any UE specific configuration. Table 4 shows the current content in DCI format 6-1B/0B. It can be seen the payload of DCI format 6-0B/1B may vary based on RRC configuration of subPRB resource allocation in the uplink and/or the larger PDSCH transmission bandwidth in downlink. Therefore, it shall be discussed what is the DCI size for ETWS/CMAS indication in CE mode B.
Table 4: DCI format 6-0B/1B 
	
	DCI format 6-0B
	DCI format 6-1B

	UL/DL flag
	1-bit
	1-bit

	Flag for sub-PRB resource allocation
	1-bit based on RRC
	n.a

	Resource block assignment

	[image: ]+ 3bits
	[image: ]+ 1bits

	MCS
	4-bits
	4-bits

	Number of resource units
	1-bits based on RRC
	n.a

	Repetition number
	3-bits
	3-bits

	HARQ process number
	1-bit
	1-bit

	New data indicator
	1-bit
	1-bit

	HARQ-ACK resource offset
	n.a
	2-bits

	DCI subframe repetition number
	2-bits
	2-bits



Proposal 6: The DCI payload size for Type0-CSS in CE mode B shall not be dependent on any RRC configuration. FFS on details.
4	Summary
In this contribution, we discuss the aspects of CE mode A and B improvements for the non-BL UE.

With respect to CSI-RS based CSI feedback in CE mode A, we make the following proposals:

Proposal 1: If PUCCH mode 1-1 submode 1 is configured, the non-BL UE is required to report  with a value range from 0 to 7.
Proposal 2: PUCCH mode 1-1 submode 2 is not supported for the non-BL UE in CE mode A. 
Proposal 3: For CSI-RS based CSI feedback, a non-BL UE can be configured with a subset of the narrowband(s) in addition to the narrowbands for MPDCCH monitoring for CSI reporting. The total CSI reporting bandwidth shall not exceed the configured maximum PDSCH transmission bandwidth. 
With respect to ETWS/CMAS monitoring in connected mode, we have the following proposals:
Proposal 4: Use DCI format 6-1A/1B with a new RNTI to notify the ETWS/CMAS reception for the non-BL UE in connected mode
Proposal 5: Adopt Table 3 for MPDCCH candidates for Type0-CSS in CE mode B
Proposal 6: The DCI payload size for Type0-CSS in CE mode B shall not be dependent on any RRC configuration. FFS on details.
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