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1 Introduction
The current RAN1 specification [1] does not dictate measurement interval for channel and interference measurement and leaves it as UE implementation decision. 
“Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15…”
The measurement restriction (MR) on channel and/or interference measurement for FD-MIMO was proposed in [2]. Here the CSI measurement restriction means that UE CSI filtering is restricted in time and frequency domain. This issue has been discussed several times in previous release and no agreements have been reached so far. In RAN1#82 meeting, the following conclusion was made.
Conclusion:
· Continue discussion until RAN1 #82bis meeting about necessity for channel and interference MR 
· Note: Needs for channel and interference MR are considered independently
In this contribution, we provide our views and recommendations on CSI measurement restriction for FD-MIMO.
2 Discussion
2.1 Necessity for Measurement Restriction
There are several reasons to introduce measurement restriction for FD-MIMO. For UE specific BF CSI-RS, the beamforming weights may be changed to fit to the UE channel direction in every CSI-RS transmission instance. If UE performs channel filtering across the boundary of two different beamforming weights, a faulty CSI may be reported. Secondly, to better control CSI-RS overhead for UE specific BF CSI-RS, a TDM based CSI-RS resource multiplexing can be applied. This means that the beamforming weights on a single CSI-RS resource may be dynamically adapted to different UEs at different subframes. An example is given in Figure 1 below. Three UEs are multiplexed with the same CSI-RS resources, the eNB could dynamically allocate the resource to a given UE by using UE specific beamforming weight at different subframes. The change of beamforming weight may be transparent to UE or indicated by signalling. To support the TDM based multiplexing, the CSI averaging across subframes will be disabled. 


Figure 1. Example of dynamic CSI-RS resource sharing
However, it is noted that there are a couple of ways to reduce the CSI-RS overhead for UE specific BF CSI-RS without the need to disable CSI filtering. As shown in Figure 2, a semi-static CSI-RS resource multiplexing can be achieved by configuring the CSI-RS with a longer periodicity and different subframe offsets to UEs. The potential issue with this method is the increased CSI feedback delay may degrade the CSI accuracy. However, the mismatch between the reported CQI and actual channel conditions due to large CSI delay can be handled by the OLLA. At least for low Doppler scenario the performance loss due to the CSI feedback delay is marginal. 


Figure 2. Example of semi-static CSI-RS resource sharing
If the semi-statically CSI-RS resource multiplexing is applied, there is no need to restrict CSI filtering at UE. This is because the adaptation of CSI-RS beamforming weights is typically long-term either based on UL channel measurement or UE feedback. It is expected that similar channel is observed across two continuous beamforming weights. Therefore it is still possible to apply CSI filtering across the boundary in such case. 
Observation 1: If eNB controls and allocates CSI-RS resource semi-statically, CSI channel measurement restriction for BF CSI-RS may not be needed.
As for non-precoded CSI-RS based FD-MIMO, there is no special configuration of CSI-RS resource and CSI measurement compared to the legacy {2, 4, 8} antenna ports. Therefore, the necessity of measurement restriction for NP CSI-RS is not clear. It is preferable not to prevent a legacy implementation for UE CSI feedback algorithms. 
Observation 2: The necessity of CSI channel measurement restriction for non-precoed CSI-RS is unclear. 
For IMR based interference measurement, the benefits of interference averaging for both single cell and multi-cell scenarios are well observed according to previous RAN4 study on [3, 4, 5]. Due to no consensus on whether to restrict interference averaging for IMR based interference measurement, RAN4 concluded the working assumption is not to restrict IMR averaging for CSI reporting [6]. For FD-MIMO with 2D antenna array, there is no speciality regarding interference measurement. Therefore the previous conclusion shall be applied too.   
Observation 3: RAN4 conclusion on interference measurement restriction can be applied to FD-MIMO. 
2.2 Issues with Measurement Restriction 
In this section we will discuss potential issues with CSI measurement restriction if applied. We will discuss channel and interference MR separately. 
Channel Measurement Restriction
From UE’s perspective, some amount of channel averaging can provide reliable CSI reporting and maintain robust link adaptation performance. At low Doppler scenario, channel parameters does not vary quickly between CSI-RS instances, so channel filtering across subframes can provide larger processing gain thus beneficial for CSI-RS channel estimation, especially for cell edge UEs with relatively low SINR. For high Doppler scenario, channel varies quickly over time. If UE reports CSI based on instantaneous channel measurement, CSI reporting could be highly unreliable and thus result in BLER overshoot and degrade throughput performance. Averaging on UE with “smart” algorithm can align CQI to PDSCH BLER performance. For example, UE can derive SINRs for all rank and PMI hypotheses and perform averaging on each of them and select the optimum rank, PMI and CQI based on the averaged SINR for all hypotheses. 
It may be argued that CSI can also be averaged by eNB by filtering the reported CQI/RI and using the OLLA algorithm. In our view, averaging on eNB is not efficient and useful compared with averaging on UE since CSI information available to eNB is quite limited in terms of dimension and quantization. Firstly, CQI is quantized SINR and thus less accurate compared to raw SINR observed at UE. Secondly, the CQI is dependent on UE-selected rank and PMI. When there is rank or PMI switching between CSI reporting instances, the CQI averaging at eNB cannot improve link adaptation.
For UE specific BF CSI-RS, the CSI-RS SINR can be greatly improved due to beamforming, and the need for channel filtering to improve CSI-RS channel estimation may not be critical.  However, CSI averaging is still beneficial in presence of medium and high Doppler. Otherwise both RI and CQI will become inaccurate. Therefore blindly restricting channel averaging is not desirable. 
Observation 4: Restricting channel averaging will lose from inaccurate CQI reporting in the presence of medium and high Doppler. 
Interference Measurement Restriction
Interference averaging in the presence of substantial interference is indispensable to maintain robust link adaptation performance. This has been studied in the past. For FD-MIMO with 2D antenna array, it is expected that interference signal will show high variation in both frequency and time domain due to the utilization of elevation beamforming and FD-MIMO. Also with dynamic traffic scheduling in interfering cell, there is high chance of mismatch between interference for CSI calculation and interference on PDSCH transmission. Interference averaging over multiple IMR instances would mitigate CSI variation and reduce interference mismatch. Similar to channel averaging, interference averaging on UE is better than interference averaging on eNB due to limited information available at eNB.
It was also noted that the measurement restriction may break periodic CSI reporting where the CQI computation is conditional on the recent rank indication. Thus, if interference power measured on IMR instance before RI reporting is different from that observed on IMR instance before CQI report, the CSI report is suboptimal due to RI mismatch. Therefore, IMR shall be averaged over some amount of subframes in order to provide a consistent CQI feedback. One possibility is to address restricted interference measurement only for aperiodic CSI reporting, but this will cause unnecessary UE complexity increase. 
Observation 5: Restricting interference averaging will break periodic CSI reporting and lead to inconsistency between CQI and RI. 
3	Performance Evaluation
In this section, we evaluate the performance with and without measurement restriction for FD-MIMO. We utilize a generic IIR filter for UE channel and interference averaging. If measurement restriction is applied we assume the CSI reporting is based on the instantaneous measurement in the latest subframe. The CQI averaging is then used at eNB to improve link adaptation.
In Figure 3 below we show the performance comparison of dynamic CSI-RS resource sharing with semi-static sharing discussed above. For semi-static resource sharing, CSI-RS periodicity is 50ms. It is observed that with low Doppler the performance loss of semi-static sharing due to larger CSI feedback delay is marginal. This is because the channel condition varies slowly across adjacent CSI-RS instances. The simulation results indicate the semi-static CSI-RS resource sharing is a feasible approach for UE specific BF CSI-RS to reduce CSI overhead.
In Figure 4, performance of channel measurement with and without measurement restriction is compared, e.g., single subframe vs. multiple subframe processing. It is observed that when load is high, single subframe processing with measurement restriction causes significant performance degradation for cell edge UE at both low and high Doppler (up to 13%). The cell mean throughput performance degradation on high load from using instant channel measurement is ~11% for high Doppler. When load is low, the performance gap between channel averaging or non-averaging is insignificant. 

      
Figure 3. Comparison of dynamic and semi-static CSI-RS resource sharing for CSI reporting Class B

       
       
 Figure 4. Comparison of channel averaging for CSI reporting Class A

Table 1 shows the performance results of interference averaging under high load scenario (~70%). It can be observed that the interference averaging is very critical to the system performance, using instant interference averaging means 23% performance degradation for cell edge UE.
Table 1. Comparison of interference averaging (CSI reporting Class A, 16-ports, UE speed 3Km/h)
	Traffic Load
	RU ~70%

	UPT (Mbps/Hz)
	5% tile
	Mean

	Interference averaging OFF
	1.36
	0.0%
	16.3
	0.0%

	Interference averaging ON
	1.68
	23.2%
	17.3
	6.1%
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4	Conclusion
In this contribution, we provide our analysis on the issue of measurement restriction for FD-MIMO. Our observations are 
Observation 1: If eNB controls and allocates CSI-RS resource semi-statically, CSI channel measurement restriction for BF CSI-RS may not be needed.
Observation 2: The necessity of CSI channel measurement restriction for non-precoded CSI-RS is unclear. 
Observation 3: RAN4 conclusion on interference measurement restriction can be applied to FD-MIMO. 
Observation 4: Restricting channel averaging will lose from inaccurate CQI reporting in the presence of medium and high Doppler. 
Observation 5: Restricting interference averaging will break periodic CSI reporting and lead to inconsistency between CQI and RI. 
Based on the provided simulation results and related observation, we propose following:
Proposal 1: UE behaviour on interference averaging for FD-MIMO shall be same as legacy Rel-12.
Proposal 2: UE behaviour on channel averaging for FD-MIMO shall be same as legacy Rel-12 at least for CSI reporting class A. 
[bookmark: _GoBack]In case RAN1 decides to define measurement restriction in spite of the performance loss, the restricted measurement should be single subframe in order to maintain simplicity.  
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Appendix
System level simulation assumptions
	Parameter
	Value

	Scenarios
	3D-UMa, ISD=200m

	Frequency
	2GHz

	Bandwidth
	10MHz (50RBs), 
Note: PRG size for the baseline may be chosen for other BW

	eNB Antenna configurations
	(M,N,P, Q)=(8,4,2,16) for Class A simulation
or (8,4,2,32) for Class B simulation
Cross-polarization: +/-45 degrees

	UE configurations
	Speed:  3km/h or 30km/h

	
	2 Rx with X-polarized: 0/+90 degrees
Pol model: aligned with phase 1

	Scheduler
	PF 

	Traffic load
	FTP-1, with  packet size of 100KB, RU = 70% or RU = 20%

	Transmit Mode
	SU with rank-adaption
Up to 2 layers for each UE

	Receiver
	Non-Ideal DMRS channel estimation and interference estimation 

	
	MMSE-IRC receiver aligned with phase 1

	Hybrid ARQ
	Maximum 4 transmissions

	CSI Feedback 
	    PUSCH Mode 3-2, with 5ms period

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs

	UE attachment
	Based on RSRP from CRS port 0 aligned with Phase-1

	Wrapping method
	Geographical distance based
Optional: radio distance based

	Handover margin
	3 dB



Throughput of CSI reporting Class B 
RU ~ 20%, UE speed 3km/h

Dynamic sharing	5% tile	mean	13.193	42.238999999999997	Semi-static sharing	[CELLRANGE]
[CELLRANGE]

5% tile	mean	13.098000000000001	41.536000000000001	-0.7%	-0.9%	-1.7%	
UPT (Mbps/Hz)




Throughput of CSI reporting Class B
RU ~ 70%, UE speed 3km/h

Dynamic sharing	5% tile	mean	3.6440000000000001	18.498999999999999	Semi-static sharing	[CELLRANGE]
[CELLRANGE]

5% tile	mean	3.6230000000000002	18.216999999999999	-0.6%	-0.7%	-1.5%	
UPT (Mbps/Hz)




Throughput of CSI reporting Class A
RU ~ 70%, 5% tile UPT

Single Subframe Proc.	30 Km/h	3 Km/h	0.873	1.2989999999999999	Multi Subframes Proc.	[CELLRANGE]
[CELLRANGE]

30 Km/h	3 Km/h	0.95099999999999996	1.47	8.9%	13.2%	UE speed


UPT (Mbps/Hz)




Throughput of CSI reporting Class A
RU ~ 70%, mean UPT

Single Subframe Proc.	30 Km/h	3 Km/h	11.502000000000001	15.759	Multi Subframes Proc.	[CELLRANGE]
[CELLRANGE]

30 Km/h	3 Km/h	12.776	16.309999999999999	11.1%	3.5%	UE speed


UPT (Mbps/Hz)




Throughput of CSI reporting Class A
RU ~ 20%, 5% tile UPT

Single Subframe Proc.	30 Km/h	3 Km/h	8.2469999999999999	10	Multi Subframes Proc.	[CELLRANGE]
[CELLRANGE]

30 Km/h	3 Km/h	8.5500000000000007	10.555999999999999	3.7%	5.6%	UE speed


UPT (Mbps/Hz)




Throughput of CSI reporting Class A
RU ~ 20%, mean UPT

Single Subframe Proc.	30 Km/h	3 Km/h	30.768999999999998	34.783000000000001	Multi Subframes Proc.	[CELLRANGE]
[CELLRANGE]

30 Km/h	3 Km/h	32	34.99	4.0%	0.6%	UE speed


UPT (Mbps/Hz)
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