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1 Introduction
In RAN1#82bis meeting, following agreements were made regarding measurement restriction (MR) on channel and interference measurement:
Agreement: 
· For classes A and class B and all values of K, 
· MR is independently configurable for each subframe set, when legacy measurement restrictions with two subframe sets are also configured in a CSI process
· One RRC parameter for channel measurement (for class B only) and one RRC parameter for interference measurement (for classes A&B) are provided to enable/disable MR
· FFS at RAN1#83 whether it applies to both periodic and aperiodic CSI reporting or only to aperiodic reporting (i.e. with MR never enabled for periodic reporting)
· For classes A and class B with K=1, Alt 1 (with X=Y=1)
Way forward for Class B with K>1: 
· For class B with K>1, FFS until RAN1#83 between Alt1(with X=Y=1) & Alt3, on the understanding that existing RRC parameters (e.g. reset period is equal to BI period; offset fixed) may be reused for Alt3
· Proponents of Alt3 to provide as much detail as possible. 
· Consideration of aperiodic reset is also not precluded. 
In this contribution, we further discuss the remaining details on CSI measurement restriction and provide our views and recommendations on the MR scheme for class B with K > 1 and also the applicability outside of EB/FD-MIMO.
2 Measurement restrictions
Three alternatives for MR were agreed during RAN1#82 as the following:
· Alt.1: Fixed MR ON or OFF via higher-layer configuration
· X/Y are fixed to a single value respectively in specification
· Alt.2: Configurable MR ON or OFF via higher-layer configuration
· X={OFF, 1, … , NX} are higher-layer configurable
· Y={OFF, 1, … , NY} are higher-layer configurable 
· Alt.3: CSI measurement is periodically reset
· Reset period and subframe offset are higher-layer configured
· Note: X is selected by the UE between 1 and ZX where ZX is the number of CSI-RS subframes between the latest measurement reset and the CSI reference resource.
· Note: Y is selected by the UE between 1 and ZY where ZY is the number of CSI-IM subframes between the latest measurement reset and the CSI reference resource.
It was further clarified that no additional RRC parameter is needed for Alt. 3 if supported. The existing RRC parameters, e.g., BI reporting periodicity can be used as the reset period for CSI measurement. It is noted also that a single subframe measurement, e.g., Alt. 1 with X=Y=1 is not precluded from Alt. 3 since the number subframs for CSI measurements, e.g., X and Y are autonomously determined by the UE as long as the averaging across the boundary is not used. 
Observation 1: For Alt. 3, a single subframe measurement, e.g., X=Y=1, is not precluded. 
The use of Alt. 3 is only useful when channel and interference are not changed rapidly. The averaging across multiple subframes can improve the estimate. However, the knowledge of channel and interference variation is different between eNB and UE. Even the beamforming weight for CSI-RS is not changed by the eNB the channel experienced by UE may vary due to Doppler. Therefore, the use of Alt. 3 shall not impose any additional restriction on UE implementation of channel and interference measurement, such as an AR filter with a specified forgetting factor. The algorithm for how the UE performs averaging across subframes shall be up to UE implementation. 
Observation 2: For Alt. 3 eNB has no information on the algorithm for how the UE performs averaging across subframes. 
As discussed in [2], the purpose of the CSI measurement restriction is to feedback the instantaneous CSI and not the long-term averaged CSI. If multi-subframe measurements are used by UE as allowed in Alt. 3, the purpose of MR is lost. Therefore it was proposed to have dynamic signaling of an aperiodic reset of the CSI measurement for Alt. 3. However, there are a couple of issues with the aperiodic reset of the CSI measurement. Firstly, in some cases the CSI reference subframe can be prior to the CSI triggering subframe. For example, for CoMP with multiple CSI processes the CSI reference resource is pushed out by an additional subframe compared to CSI request subframe. It is not possible for UE to store the latest measurement samples till the CSI request subframe and then determine whether to filter the samples based on dynamic indication from the eNB. Because this CSI processing delay shall be no more than 3ms, which is not aligned with current CSI processing assumption. If the CSI measurement reset is not applied to the current CSI reporting, e.g., starting from the next CSI reporting, it would imply that at least two CSI request subfrmaes are needed in order to get a desired CSI reporting. This would unnecessarily increase both DL and UL overhead. Secondly, the use of aperiodic CSI feedback triggering in DCI format 0 or 4 as dynamic CSI reset indication cannot support the reset for a given CC or CSI process in case of multiple CSI processes and multiple DL CCs on which MR is enabled. But it is most likely that not all CSI processes and/or CCs configured with MR need the reset of the CSI measurement at the same time. If a common reset is applied there is potential loss on CSI reporting accuracy for some CCs or CSI processes. The purpose of aperiodic reset of the CSI measurement is to have a network controlled Alt. 3 MR scheme leading to a similar scheme as Alt. 1 with X=Y=1. But it seems the loss is much larger than the potential benefits. 
Proposal 1: Support Alt. 1 with X=Y=1 also for class B with K > 1.
Proposal 2: Aperiodic rest of the CSI measurement via dynamic signaling is not supported.
Another open issue is whether MR can be enabled for both periodic and aperiodic CSI reporting or only to aperiodic CSI reporting. For periodic CSI reporting, CQI, PMI and RI reports are typically reported by the UE in different subframes. Restricted subframe averaging may lead to inconsistent CQI/RI feedback. Therefore it was proposed that MR should be considered only for aperiodic CSI reporting, where all CSI reports are provided in a single subframe. However, in our view this kind of restriction is not necessary. In terms of inconsistency between CQI and RI it can avoided by UE implementation, such as fixed RI for periodic CSI reporting when MR is enabled. Although this means rank adaptation is not supported via P-CSI, the impact on performance is marginal. Because not all UE requires accurate CSI feedback when reporting periodic CSI. If the UE has the data in the downlink buffer, the eNB could request aperiodic CSI reporting for accurate CSI feedback. Secondly, if MR is never enabled for periodic CSI reporting, the P-CSI feedback may become more or less useless for some FD-MIMO schemes for which MR is mandatory under the assumption that the single CSI-RS resource is dynamically shared among multiple UEs. Least but not last, the restriction of MR only for aperiodic CSI reporting will cause unnecessary UE complexity increase. UE needs to perform separate CSI measurement for periodic and aperiodic CSI reporting although the same reference resource is used, and maintain two CSI computation loops w/ and w/o time domain filtering, respectively. Therefore, MR requires UE shall have the capability for supporting multiple CSI processes.  
Observation 3: Inconsistent RI/CQI for periodic CSI reporting due to subframe averaging restriction can be avoided or mitigated via proper UE implementation. 
Proposal 3: If configured MR applies to both periodic and aperiodic CSI reporting.
Although MR is introduced to improve EB/FD-MIMO operation especially for beamformed CSI-RS, there were also interests to use it outside EB/FD-MIMO. However, the potential use case of MR outside FD-MIMO is not clear at this moment. It is noted that legacy PMI feedback mode can be used for class B with K=1 for CSI reporting. Therefore, for FD-MIMO capable UE, the network can configure class B with K=1 and legacy PMI feedback with MR no matter whether CSI-RS is beamformed or not. If MR is adopted also for non FD-MIMO capable UE, it seems to prioritize class B with K=1 than any other FD-MIMO schemes, such as class A and class B with K>1. Because if UE supports MR then it will support class B with K=1. And the network can use class B with K=1 and legacy PMI feedback for CSI reporting for FD-MIMO. In our view, all FD-MIMO schemes shall be assigned with the same priority.
Proposal 4: MR cannot be configured independently from other FD-MIMO features.
3	Performance Evaluation
In this section, we evaluate the performance of two MR schemes, e.g., Alt. 1 and 3 for class B with K>1. For Alt. 3 two different implementation options are considered. For the firstly option, we assume the periodic CSI reset prior to BI reporting, and BI is determined based on a single subframe measurement after the reset. And in the second option, the reset is after BI reporting so that BI is determined by multiple subframe measurements before the reset. For both options of Alt. 3-1 and 3-2, multi-subframe measurements are used for other CSIs, e.g., RI/CQI/PMI. For Alt. 3-1 and 3-2 BI is long-term feedback but for Alt. 1 BI is short-term feedback together with CQI/PMI/RI. The illustration of two implementation options of Alt. 3-1 and 3-2 can be found in Figure 1 and 2. The non-full buffer traffic model with 20% and 70% loading is considered in the simulation. Other simulation parameters and assumptions can be found in Appendix.
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Figure 1. Alt. 3-1: BI with single subframe measurement
[bookmark: _GoBack][image: ]Figure 2. Alt. 3-2: BI with multiple subframe measurements
In Figure 3, performance evaluations are shown for comparison among Alt. 1, 3-1 and 3-2. We represent also throughput gains for Alt. 3-1 and 3-2 compared to the performance of Alt. 1 as reference. It can be seen that Alt. 1 show the best performance among the three MR schemes for 20% traffic loading. More specifically, about 14-17% gain for cell edge UE throughput and about 9-11% gain for average throughput are observed. This is because with low traffic loading the interference is highly dependent on a few neighbouring cells. A long-term interference measurement may overestimate interference resulting in a conservative CQI reporting. On the contrary, a single subframe MR can better adapt to dynamic channel and interference fluctuation to reduce the CQI mismatch. 
When loading is high, Alt. 1 shows slightly improved performance for average throughput than Alt. 3-1 and 3-2. However, the single subframe MR degrades the performance of cell edge UE compared to Alt. 3-1 and 3-2 due to the potential channel estimation error and also different interference characteristics. Averaging channel and interference measurement across multiple subframes could improve channel estimation and provide stable interference statistics in high loading scenario in driving more proper CQI. However, the usage of MR in presence of strong interference scenario is questionable according to [3]. Therefore, if there is any concern on the potential performance loss of the single subframe MR, one possible solution is not to configure MR for cell edge UE. 
Observation 4: Alt. 1 with X=Y=1 performs better than Alt. 3 at most cases due to better adaptation to dynamic channel and interference fluctuations.
It can also be found that the performance difference between Alt. 3-1 and 3-2 is marginal although Alt. 3-1 performs slightly better than Alt. 3-2. This indicates that BI selection is not affected by a long-term or short-term MR. In other words, there is no special consideration needed for class B with K >1. Therefore it is desirable to use the same MR scheme for class A and class B with K = 1 to class B with K > 1.
Observation 5: BI selection is not affected by a long-term or short-term MR.
 
 Figure 4. Comparison of MR schemes for non-full-buffer traffic simulation
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4	Conclusion
In this contribution, we discuss the remaining issues of measurement restriction for FD-MIMO. We have the following observations: 
Observation 1: For Alt. 3, a single subframe measurement, e.g., X=Y=1, is not precluded. 
Observation 2: For Alt. 3 eNB has no information on the algorithm for how the UE performs averaging across subframes. 
Observation 3: Inconsistent RI/CQI for periodic CSI reporting due to subframe averaging restriction can be avoided or mitigated via proper UE implementation. 
Observation 4: Alt. 1 with X=Y=1 performs better than Alt. 3 at most cases due to better adaptation to dynamic channel and interference fluctuations.
Observation 5: BI selection is not affected by a long-term or short-term MR.
Based on the provided simulation results and related observation, we propose following:
Proposal 1: Support Alt. 1 with X=Y=1 also for class B with K > 1.
Proposal 2: Aperiodic rest of the CSI measurement via dynamic signaling is not supported.
Proposal 3: If configured, MR applies to both periodic and aperiodic CSI reporting.
Proposal 4: MR cannot be configured independently from other FD-MIMO features.
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Appendix
System level simulation assumptions
	Parameter
	Value

	Scenarios
	3D-UMi, ISD=200m

	Frequency
	2GHz

	Bandwidth
	10MHz (50RBs)

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

	UE configurations
	Speed:  3km/h 

	
	2 Rx with X-polarized: 0/+90 degrees

	Scheduler
	PF 

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

	Transmit Mode
	Dynamic SU/MU-MIMO 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, CQI/PMI/RI reporting every 5ms and BI reporting depends on the MR scheme

	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

	Handover margin
	3 dB



Channel MR ON and Interference MR ON
RU ~ 20%

Alt. 1	
5%-tile	mean	7.7329999999999997	33.167000000000002	Alt. 3-1	-14%
-9%

6.6669999999999998	30.105	Alt. 3-2	-17%
-11%

6.4	29.364999999999998	
UPT ()Mbps/Hz




Channel MR ON and Interference MR ON
RU ~ 70%

Alt. 1	
5%-tile	mean	0.66800000000000004	9.9920000000000009	Alt. 3-1	+69%
-3.8%

1.127	9.6080000000000005	Alt. 3-2	+59%
-8.2%

1.0609999999999999	9.1679999999999993	
UPT ()Mbps/Hz
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