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1	Introduction
In RAN1#96 meeting, the following agreements and conclusions were achieved. 

[bookmark: _Hlk516692042]Agreement
· The supported number of CSI-RS ports is only 8
· CSI-RS based CSI feedback is only supported in TM9
· 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
· MPDCCH and PDSCH are punctured around the REs used for the CSI-RS transmission.
[bookmark: _Ref178064866]
Conclusion
· 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.

In this contribution, we will 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
CSI Feedback Mechanism
One remaining issue for the CSI-RS based CSI feedback is the detailed CSI feedback mechanism. Table 1 below shows the CSI reporting mode for the BL/CE UE configured in TM9. According to Table 1, PMI feedback is only supported for the subband CSI reporting, i.e. mode 1-1 for periodic CSI reporting, for which UE shall report a wideband CQI and a wideband PMI. For CSI-RS based CSI feedback, since the number of CSI-RS ports is 8, the PMI consists of two components, i.e. a first PMI index  and a second PMI  with a total payload size of 8. The total payload for the wideband CQI and PMI reporting would be 12 bits, which is larger than the maximum payload supported by PUCCH format 2. Codebook subsampling is thus required for periodic CSI reporting. For example, reusing the codebook subsampling of PUCCH 1-1 submode 2 for 8Tx. However, the performance degradation by codebook subsampling cannot be ignored. Alternatively, we can consider supporting the PMI feedback for aperiodic CSI reporting, e.g. supporting either mode 1-1 for wideband PMI reporting or mode 2-2 for single subband PMI reporting. 
Table 1: CSI reporting mode for the BL/CE UE in TM9
	
	Wideband CSI reporting
	Subband CSI reporting

	Periodic CSI
	Mode 1-0
	Mode 1-1

	Aperiodic CSI
	Mode 2-0
	N.A



Proposal 1: PMI feedback is supported for aperiodic CSI reporting for the non-BL UE in CE mode A. Either mode 1-1 wideband PMI reporting or mode 2-2 subband PMI reporting can be configured. 
CSI-RS Measurement Bandwidth
For CRS based CSI feedback, the CSI reference resource, which is used to derive the CQI value, consists of all the NBs used for MPDCCH monitoring and may span over a set of subframes. In other words, UE reports the CSI corresponding to the narrowbands used for MPDCCH monitoring. The same principle can be adopted when CSI-RS is configured for CSI reporting so that the non-BL UE measures and reports the CSI based on the CSI-RS on the narrowbands used for MPDCCH monitoring. It shall be possible that the non-BL UE uses the CSI-RS outside the narrowbands for MPDCCH monitoring for frequency domain filtering for improving CSI-RS channel estimation, however, the reported CSI shall be based on the narrowbands used for MPDCCH monitoring.  

However, the PDSCH transmission bandwidth for the non-BL UE operating in CE mode A can be larger than 1.4MHz. When the configured maximum PDSCH transmission bandwidth is 20MHz, it seems not performance optimum to report the CSI only for narrowbands used for MPDCCH monitoring. Although this is the case for the Cat M2 UE according to the current specification, we think this can be improved at least for the non-BL UE operating in coverage enhancement mode 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 configured for CSI reporting, it shall be not assumed that all the narrowbands of the system are used for CSI reporting. The CSI reporting bandwidth shall not exceed the configured maximum PDSCH transmission bandwidth. This is because the CQI is defined with a linkage of possible PDSCH assignment, i.e. by mapping a PDSCH to the CSI reference resource. If the CSI reference resource has a size larger than the maximum PDSCH transmission bandwidth, the reported wideband CQI cannot be correctly tested. Secondly, the subband CQI is differentially encoded relative to the wideband CQI. If the wideband CQI consists of the bandwidth not assigned to PDSCH, the reported subbband CQI may be either over or under estimated thus degrading the PDSCH performance if the PDSCH is scheduled based on the reported CQI.   

Therefore, for CSI-RS based CSI feedback, the narrowbands for CSI reporting configured by the network shall have a size not exceeding the configured maximum PDSCH transmission bandwidth. Also, considering coexistence with NR, narrowbands that are reserved for NR DL transmission shall be excluded from CSI reporting, and therefore the narrowbands configured for the CSI reporting for the non-BL UE can be either continuous or discontinuous in the frequency domain.  

Proposal 2: For CSI-RS based CSI feedback, the 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. 
Aperiodic CSI-RS
In current specification, aperiodic CSI-RS can also be configured for CSI measure and reporting for the non-BL/CE UE. Different from periodic CSI-RS, the presence of aperiodic CSI-RS is triggered by the DCI for UL grant and if triggered it is transmitted only once on the same subframe as the triggering DCI. The usage of aperiodic CSI-RS is mainly to reduce the CSI-RS overhead when CSI reporting is based on UE specific beamformed CSI-RS. For the non-BL UE operating in CE mode A, the performance benefits for supporting FD-MIMO with UE specific beamforming are not clear. Also, the one-shot transmission of aperiodic CSI-RS cannot achieve good channel estimation performance for the non-BL UE operating in coverage enhancement mode since the received SINR may be very low. 
Proposal 3: Aperiodic CSI-RS is not supported for the non-BL UE operating in CE mode A. 
3	ETWS/CMAS in connected mode
One of the WI objectives for the CE Mode A and B improvements for non-BL UEs is to support “ETWS/CMAS in connected mode”. RAN2 has made the following assumption in last meeting:
Agreements
- Working assumption: In connected mode non-BL UEs in CE monitor MPDCCH to receive ETWS indication and/or CMAS indication using CSS in the same narrowband where unicast transmission can be received.

 
In [2], the LS was sent from RAN2 to ask RAN1 the following questions about monitoring ETWS/CMAS in connected mode. 
1. Whether 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 CSS in the same narrowband where unicast transmission can be received?
1. Whether it is possible for a non-BL UE in CE in connected mode to monitor USS and CSS simultaneously in the same narrowband? 
 
Currently in CE mode A, LTE-MTC UE can be configured with both Type0-CSS and USS on the same narrowband for MPDCCH monitoring. Type0-CSS can be used for fallback and group power control (DCI format 3/3A). In addition to the same PRB set used for Type0-CSS and USS, the scrambling sequence (i.e. UERS scrambling sequence, MPDCCH scrambling sequence) and transmission type (i.e. localized or distributed) are also same. The Type0-CSS DCI size and RNTI can be different from that of USS, and the total number of BD attempts and the associated aggregation levels are also different between Type0-CSS and USS. 
In CE mode B, LTE-MTC UE in connected mode can only be configured with UE specific search space for MPDCCH monitoring. However, the total number of BD trials for USS in CE mode B is smaller than that in CE mode A, i.e. maximum 12 trials in CE mode B as compared to 16 in CE mode A. Therefore, MPDCCH monitoring in CE mode B is not a bottleneck for UE from implementation perspective. It shall be possible to extend Type0-CSS also to CE mode B.
Because LTE-MTC UE already supports monitoring of CSS in connected mode at least for CE mode A, we think it is feasible to monitor MPDCCH to receive ETWS/CMAS indication using CSS in the same narrowband as USS. We can consider extending Type0-CSS to CE mode B. This may lead to an increase on implementation complexity, but shall not be a big effort since UE already supports Type0-CSS in CE mode A.
Observation 1: It is feasible for a non-BL UE in CE in connected mode to monitor MPDCCH to receive ETWS/CMAS indication using CSS in the same narrowband as USS
With respect to simultaneous monitoring of CSS and USS in the same narrowband, if we adopt the same principle for Type0-CSS and USS (i.e. using same scrambling sequence and same transmission type), there is no extra complexity increase and can be supported by the existing implementation. For backward compatibility, a new RNTI needs to be introduced for MPDCCH for ETWS/CMAS indication. This shall be okay.
Observation 2: It is feasible for a non-BL UE in CE in connected mode to monitor CSS and USS simultaneously in the same narrowband when the same scrambling sequence and transmission type are used for CSS and USS
Another proposal presented in RAN2#105 [3] was for UE to switch to wide-band receive mode to receive the common search space at every paging occasion during connected mode. But wide band operation (20MHz) consumes ~13% more power compared to narrow band operation (1.4MHz). While this does not mean overall UE power consumption will increase by up to 13% when operating in CE mode but the increase can be significant, depending on paging DRX cycle. Given that ETWS/CMAS events are very rare then it does not make sense to have solution that increases UE power consumption always during connected mode.
Observation 3: Wideband operations for ETWS/CMAS monitoring increases UE power consumption
Based on the above discussion, we have the following proposals:
Proposal 4: Support Type0-CSS monitoring in CE mode B for ETWS/CMAS indication for the non-BL UE in connected mode
Proposal 5: Introduce a new RNTI for MPDCCH for ETWS/CMAS indication
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 made the following proposals:
Proposal 1: PMI feedback is supported for aperiodic CSI reporting for the non-BL UE in CE mode A. Either mode 1-1 wideband PMI reporting or mode 2-2 subband PMI reporting can be configured. 
Proposal 2: For CSI-RS based CSI feedback, the 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. 
Proposal 3: Aperiodic CSI-RS is not supported for the non-BL UE operating in CE mode A. 
With respect to ETWS/CMAS monitoring in connected mode, we have the following observations and proposals:
Observation 1: It is feasible for a non-BL UE in CE in connected mode to monitor MPDCCH to receive ETWS/CMAS indication using CSS in the same narrowband as USS
Observation 2: It is feasible for a non-BL UE in CE in connected mode to monitor CSS and USS simultaneously in the same narrowband when the same scrambling sequence and transmission type are used for CSS and USS
Observation 3: Wideband operations for ETWS/CMAS monitoring increases UE power consumption
Proposal 4: Support Type0-CSS monitoring in CE mode B for ETWS/CMAS indication for the non-BL UE in connected mode
Proposal 5: Introduce a new RNTI for MPDCCH for ETWS/CMAS indication
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