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Introduction
[bookmark: _Ref378529477]In RAN #71, a new study item New Radio (NR) Access Technology was approved.  The technical specifications were agreed during the last RAN meeting. However, still few issues are remaining in MIMO CSI reporting.
In this contribution, we describe two issues in CSI reporting. First issue is regarding the CSI reporting when the UE is configured to support multi slot. The second issue is regarding the CRI only transmission in CSI reporting. 
[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]CSI Reporting With Multiple Slot Operation 
For coverage improvement, the network can configure a UE in multi slot operation.  With multiple slot operation, the UE will repeat the PUCCH either 2, 4 or 8 times. The configuration parameter is sent using   RRC signaling. This text is captured in TS 38.211 in section 6.3.2.4.1 as

‘’ In case of a PUCCH transmission spanning multiple slots, the complex-valued symbol  is repeated for the subsequent slots.’’
According to the text, the UE will repeat the contents of PUCCH format 1 in all the remaining slots. However, it is not clear about the contents for PUCCH format 3 and 4 where CSI is transmitted.  With the existing text in the specification, even though the UE can report HARQ-ACK multiple times, the network can’t schedule accurately as the network may not obtain CSI as it is not repeated over multiple slots.  This is because, the network can’t obtain the accurate CSI.  
Assuming low pay load for CSI, Figure 1 shows the block error rate (BLER) with multiple slot operation. It can be observed that with multi slot operation, the BLER performance is significantly improved as each transmission provides a repletion gain in addition to diversity gain.  In our simulations, we used four receiver antennas at the base station. Hence say if we use only 1 slot operation for CSI reporting, while say we use 4 slot operation for HARQ-ACK, we might incur a coverage loss of 4 dB.  Hence in our view, if we use multiple slots for HARQ-ACK, it should be applicable for CSI report too. Without CSI report the network can’t schedule the UE.
[image: ]
                                                    Figure 1 Coverage improvement using multiple-slots
Proposal 1:  With multiple slot operation, the contents of CSI are repeated over the configured slots for improving the coverage

During the previous meeting questions were raised about the CSI reporting for coverage limited UEs. The main argument was that coverage limited UEs does not require accurate CSI. However, in our view, base station configures the UE in multiple slot operation. Figure 2 shows a typical scenario, where the network configures the UE in multiple slot operation based on the location (say), the repletion factors change based on the UE location. Hence we can’t assume that only the coverage limited UEs operate in multiple slots. 
Factor 4
Factor 2
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Figure 2  Configuration of repetition factors in cellular deployment


Say if the UE geometry is less than 10 B, then it might configure in multiple slot configuration. In these cases, we strongly feel that UE needs to report CSI multiple times for accurate CSI reception. To see the impact of open loop CSI (rank=1, wideband PMI, CQI=0) with accurate CSI, Figure 2 shows the spectral efficiency impact. It can be observed that the performance of NR is significantly impacted even at 0 dB. Hence we propose that UE should use multiple slot operation even for CSI reporting.  
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 Figure 3 Spectral efficiency loss due to in accurate CSI

CRI Only Transmission in CSI Reporting 
The second issue we address in this contribution is regarding the CRI only reporting. In TS 38.212, it was mentioned that in NR, we can either use wideband and/or subband CQI reporting. Table 1 summarizes the Type 1 CSI reporting for NR.

 Table 1 Contents of CSI report for both wideband and sub band
	PMI-FormatIndicator=widebandPMI and CQI-FormatIndicator=widebandCQI
	PMI-FormatIndicator= subbandPMI or CQI-FormatIndicator=subbandCQI

	
	CSI Part I
	CSI Part II

	
	
	wideband
	Sideband

	CRI 
	CRI
	Wideband CQI for the second TB
	Subband differential CQI for the second TB of all even subbands

	Rank Indicator 
	Rank Indicator
	PMI  wideband (X1 and X2)
	
PMI subband information fields  of all even subbands

	Layer Indicator 
	Layer Indicator
	---------
	Subband differential CQI for the second TB of all odd subbands

	PMI  wideband (X1 and X2)
	Wideband CQI
	---------
	
PMI subband information fields  of all odd subbands

	Wideband CQI 
	Subband differential CQI for the first TB
	---------
	---------



The current specification supports CSI reporting without PMI for reducing the CSI overhead. However, in our view the current specification does not support CRI only transmission. In our view, the network can use trigger CRI only reporting for multiple purposes. For example, for finding the correct beam instead of using RSRP based beam selection, the network can use CRI to choose the proper beam.  As it is well known the CRI based technique uses channel quality into consideration, we expect the CRI based technique performs better compared to RSRP technique. 
To check the performance between these two techniques, we performed link simulation with 32 antenna elements with 4 CSI-RS antenna ports. The receiver assumed to have 4 receive antennas. The DFT vectors are used for generating beamforming vectors. In our simulations, we limit the reported/transmission rank to single layer transmission. With i.i.d channel, we didn’t see any performance difference between CRI based beam selection and conventional RSRP based technique. However with correlated channel we observe that CRI based technique performs better compared to RSRP based beam selection. Moreover, the performance is improved at medium and at high SNRs. Hence in our view the network should have the flexibility to configure CRI only reporting for some UEs.  
[bookmark: _GoBack][image: ]
Figure 4 Spectral efficiency comparison between RSRP and CRI based beam selection

Proposal 2: NR should support CRI only CSI reporting 
Conclusions
In this contribution we provide our views on MIMO CSI reporting.
Based on our observations, we have the following proposal:
Proposal 1:  With multiple slot operation, the contents of CSI are repeated over the configured slots for improving the coverage
[bookmark: _Ref450342757]Proposal 2: NR should support CRI only CSI reporting 
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