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1. Introduction
In RAN1#87, it was agreed to study the benefit of involving UE in selecting CSI report setting. In this paper, we give some use cases and benefit evaluation results on UE assistant CSI report setting selection. 
Agreements:
· Study the benefit of involving UE in selecting CSI report setting based on its measurement. 
· CSI report setting may include the granularity of spatial domain (e.g. rank and beam(s) selection) and frequency/time domain (e.g. wideband/subband or subband size).
· Including of other domains are not precluded. 
· UE selection is under certain constraint configured by network. (same as LTE)
· Study UE assisted/selected CSI report setting, with the following use cases:
· Example-1: UE may recommend the best CSI report setting/s to help network configure CSI feedback. (Network can overwrite UE’s recommendation) 
· Example-2: Network can configure multiple candidate CSI report settings for UE to select, and UE indicates its selection along with CSI report (e.g. “Enhanced” RI can be used for UE to indicate its selection)
· Others are no precluded
· Note: LTE actually support multiple types of UE selected feedback “format”:
· RI (may change the payload of the CSI)
· CRI (may change the payload of the CSI)
· Orthogonal beam pattern for Rel. 13 Rank 3-4 codebook (no impact on the payload of the CSI)

2. Evaluation on CSI feedback efficiency
 
Traditional CSI feedback periodicity is fully controlled by the network: In periodic feedback mode, the feedback periodicity needs to be configured by network and UE shall follow such periodicity to report CSI. In aperiodic feedback mode, CSI report can be triggered at virtually any TTI, however, network doesn’t know when the channel will be changed therefore it usually triggers CSI report in periodical manner in practical implementation. 
In this section, we evaluate the efficiency of periodical feedback, simulation assumption can be found in the appendix. In the evaluation, we focus on two metrics:
1. Feedback Efficiency: the percentage of CSI report of a different value than last one. 
2. Feedback Accuracy: the percentage of reported CSI match with actual CSI
We simulated 3 different network configured periodicity: 2, 5 and 10 ms separately, see figure 1 and 2 for the CDF of PMI and CQI separately. A clear tradeoff between feedback efficiency and accuracy has been observed: when configuring with smaller periodicity, feedback accuracy significantly increases while efficiency dropped. In another words, frequent feedback can trace the channel/interference variance more accurately at the cost of more unnecessary feedback. (Report exact the same value of CSI as last time). Meanwhile, feedback efficiency and accuracy is very UE specific, some user has significantly higher demand on more frequent CSI feedback than others. Therefore, we have the following observations:
Observation-1: Feedback periodicity can change tradeoff between accuracy and efficiency of the feedback reports. 
Observation-2: Feedback periodicity should be UE specific adaptive to save overhead
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Figure.1 User CDF of PMI report efficiency and accuracy
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 Figure.2 User CDF of CQI report efficiency and accuracy


3. UE selected CSI feedback
The simulation results above showed a good potential for overhead reduction. When the feedback efficiency is low, it means large percentage of CSI report is of the same value as last reported one. Those CSI reports don’t give any additional information to the network, and they are reported just because they are configured to be included in the CSI report setting. A straight forward enhancement is to let UE decide which CSI components need to be reported in current CSI feedback. E.g. if UE found out the PMI calculated is the same as last reported one, UE can select to skip PMI in current feedback. Figure.3 below shows the CSI feedback overhead for different feedback periodicity. The following 4 cases are considered;
1. Baseline: Network configured CSI report
a. Each CSI report includes RI (1 bit) + PMI (8 bits) +CQI (4 bits) 
2. UE selected CSI format (to include PMI or not)
a. Each CSI report includes: FI (1 bit to indicate whether PMI is included) + RI(1 bit) + PMI (8 bits if included) + CQI (4 bits)
3. UE selected CSI format (to include CQI or not)
a. Each CSI report includes: FI (1 bit to indicate whether CQI is included) + RI(1 bit) + PMI (8 bits) + CQI (4 bits if included)
4. UE selected CSI format (to include CQI/PMI or not)
a. Each CSI report includes: FI (2 bits to indicate whether CQI/PMI are included) + RI(1) + PMI (8 bits if included) + CQI (4 bits if included)

Table.1 Per user CSI feedback overhead comparison
	                                             Feedback periodicity

Feedback schemes
	2ms 
	5ms
	10ms

	Network configured CSI feedback
	6500 (bps)
	2600 (bps)
	1300 (bps)

	UE selected CSI format (to include PMI or not)
	4105 (bps)
	1954 (bps)
	1128 (bps)

	UE selected CSI format (to include CQI or not)
	5262 (bps)
	2220 (bps)
	1169 (bps)

	UE selected CSI format (to include CQI/PMI or not)
	2867 (bps)
	1574 (bps)
	997 (bps)



As shown by table.1, significant overhead saving is obtained when UE can select which CSI components to feedback at each report. In some cases, only half of the CSI overhead is required to achieve the same MIMO performance. Therefore we have the below observation: 

[bookmark: _GoBack]Observation-3: significant overhead saving can be achieved by allowing UE to decide which CSI component to be included in each CSI reports. 

4. UE selected CSI reporting setting
While there are multiple ways to design the feedback signalling to support UE selected CSI components in the CSI reports. We suggest to consider a generic framework where UE can select a CSI reporting setting to report. 
1. UE is configured with 4 CSI reporting setting
a. Reporting setting-1: RI + PMI + CQI
b. Reporting setting -2: RI + PMI + (no CQI: use last reported CQI)
c. Reporting setting -3: RI + CQI + (no PMI: use last reported PMI)
d. Reporting setting -4: No Report (Use last reported RI/PMI/CQI)
2. UE select a CSI reporting setting based on observed channel and interference. Note: the actual CSI feedback size varies according to selection. 
3. (aperiodic feedback) Every time gNB triggers a CSI feedback, UE report a format indicator (FI) along with CSI report. The CSI report is based on the selected reporting setting. 
4. (periodic feedback) FI is reported with largest periodicity. All the CSI reports between should use the report setting selected by FI. 

Proposal: Support UE selected CSI report setting for CSI feedback.  


5. Conclusion
In this contribution, we give our view on the CSI acquisition framework. We propose a two-stage CSI feedback framework. Stage-1 is FI to select the CSI reporting setting and stage-2 is the CSI following the selected CSI reporting setting. 
Observation-1: Feedback periodicity can change tradeoff between accuracy and efficiency of the feedback reports. 
Observation-2: Feedback periodicity should be UE specific adaptive to save overhead
Observation-3: significant overhead saving can be achieved by allowing UE to decide which CSI component to be included in each CSI reports. 
Proposal: Support UE selected CSI report setting for CSI feedback.
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Appendix

	Parameters
	Values

	Scenario
	Dense Urban (UMi) 200m ISD

	Antenna modelling
	8 Tx (8TXRUs)
Horizontal: Four Xpols (+45/-45) 0.5-lambda

	Traffic model 
	Full buffer model

	System bandwidth
	5MHz 

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	80% indoor, 20% outdoor 

	Receiver 
	Non-ideal channel estimation and interference modelling

	UE Rx antenna configuration
	2 Rx cross-polarized (0/+90)

	Feedback 
	Wideband RI/PMI (8 bits codebook)/CQI (4 bits)

	Transmission scheme
	DMRS based
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