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1. Introduction

In RAN1#82 meeting, following agreements are made regarding measurement restriction (MR) on channel and/or interference measurement:
	Agreed definition for further study/evaluation
· For a given CSI process, if MR on channel measurement is ON, then the channel used for CSI computation can be estimated from X NZP CSI-RS subframe(s) up until and including CSI reference resource 

· Channel measurement is derived from NZP CSI-RS

· FFS on MR based on L1 triggering and/or higher-layer signaling for dynamic CSI request

· Depending on the chosen scheme, X can be either explicitly configured or selected by the UE between 1 and ZX 

· For a given CSI process with CSI-IM(s), if MR on interference measurement is ON, then the interference used for CSI computation can be estimated from Y CSI-IM subframe(s) up until and including CSI reference resource

· Interference measurement is derived from CSI-IM

· FFS on MR based on L1 triggering and/or higher-layer signaling for dynamic CSI request

· Depending on the chosen scheme, Y can be either explicitly configured or selected by the UE between 1 and ZY 

· If a CSI process can be configured without CSI-IM, for a given CSI process without CSI-IM(s), if MR on interference measurement is ON, then interference used for CSI computation can be estimated from V subframe(s) up until and including CSI reference resource

· For a given CSI process, MR may be higher-layer configured for both channel and interference

· MR for channel and interference can be configured independently

· Note: Channel and interference MR are considered independently
· Note: Interference measurement restriction for CSI processes configured with CSI-IM or without CSI-IM can be considered, independently

· Interaction with other features (e.g. eIMTA, FeICIC, COMP) is FFS

Agreements on alternative schemes:

· 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.
· Note that other alternatives are not precluded

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 further discuss the necessity for channel and interference MR with evaluation results, and provide our views on a preferable alternative for each of channel/interference MR.
2. Necessity and possible scheme for channel MR
Necessity for channel measurement restriction (MR) for supporting EBF/FD-MIMO has been well verified by some contributions especially for aperiodic beamformed CSI-RS based operations and CSI-RS resource pooling, including [1], [2], and [3]. Regarding aperiodic beamformed CSI-RS based schemes, network may trigger an UE to report horizontal CSI information based on vertically beamformed CSI-RS as an example, so that the network provides an instantaneous CSI-RS transmission toward the vertical direction at a certain CSI-RS transmit time instance.
This mechanism is shown in Figure 1, where network may set up beamformed CSI-RS configuration (e.g., 5 ms periodicity) with multiple virtualization matrices (e.g., Bi for i=1,2,...,K).  In subframe #4 in the 2nd radio frame in the figure, network may trigger the UE to report the horizontal CSI information based on such different vertical direction (e.g., virtualization matrix B2) from the previous vertical direction (e.g., virtualization matrix B1) in other CSI-RS transmission subframes. Since this CSI-RS configuration is applied only that subframe, we call it as an instantaneous or aperiodic CSI-RS transmission.
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Figure 1. Aperiodic CSI-RS transmission with multiple virtualization matrices
In terms of performance benefits of aperiodic CSI-RS transmission, we captured the relevant evaluation results from our previous contribution [1] in Annex A, for convenience. Here, 16.3% gain for mean UE throughput and 32.0% gain for 5% UE throughput, respectively, are observed over fixed beamformed CSI-RS transmission cases at high RU.

Proposal 1: Channel MR should be supported at least for aperiodic beamformed CSI-RS transmission use cases, based on observing sufficiently high throughput gains over conventional periodic CSI-RS transmissions.
Regarding how to support such channel MR in the specification, our view is that taking the simplest way of allowing only a single subframe MR (or one-shot measurement) is sufficient and appropriate for channel MR. This is because the worst case measurement accuracy is anyway limited to such a single subframe MR case even though we take Alt.2 or Alt.3 which allows multiple measurement subframes. For example, in case when aperiodic CSI triggering is given in the middle of the measurement interval comprising such multiple subframes, UE has to use only some parts of measurement samples within the measurement interval. More specifically, if aperiodic CSI triggering is given after passing the first measurement subframe within the measurement interval, UE has to use only the first subframe for channel measurement which is equivalent to the case of allowing only a single subframe MR. Also, an additional benefit of a single subframe MR is that there is no need to store measurement samples across multiple subframes.
Proposal 2: Allowing only a single subframe MR is sufficient and appropriate to be supported as the simplest option for channel MR.

3. Necessity and possible scheme for interference MR

In order to see whether interference MR is also needed independently, we provide system level simulation results with Category 2 baseline scheme for both full buffer and non-full buffer cases. For each traffic model case, we applied interference MR is ON or OFF. For MR OFF case, interference is calculated according to the formula as follows:
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where 
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Table 1: Full buffer simulation results for Cat-2 baseline in 3D-UMi scenario

	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput ratio
	5% UE Throughput (bps/Hz)
	5% UE Throughput ratio
	50% UE Throughput (bps/Hz)

	MR OFF
	0.184
	-
	0.043
	-
	0.146

	MR ON
	0.164
	89%
	0.029
	70%
	0.118


For full-buffer simulation, overall system performance is degraded due to such a single subframe interference MR. More specifically, performance drop of 11% for average throughput and 30% for 5% UE throughput is observed in Table 1. Due to the interference characteristics of the full-buffer simulation, averaging interference measurements over a long period can provide stable interference statistics in deriving more proper CQI. On the contrary, a relatively short-term MR for interference measurement degrades the performance compared to the case of MR OFF in full buffer scenarios.
Table 2: Non-full buffer simulation results for Cat-2 baseline in 3D-UMi scenario

	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput ratio
	5% UE Throughput (bps/Hz)
	5% UE Throughput ratio
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	MR OFF
	4.279
	-
	1.639
	-
	4.762
	0.14
	1.5

	MR ON
	4.429
	104%
	1.861
	114%
	5.000
	0.13
	

	MR OFF
	3.284
	-
	0.870
	-
	3.008
	0.32
	2.5

	MR ON
	3.470
	106%
	1.003
	115%
	3.279
	0.29
	

	MR OFF
	2.488
	-
	0.406
	-
	2.010
	0.54
	3.5

	MR ON
	2.619
	105%
	0.449
	111%
	2.198
	0.51
	


On the other hand, non-full buffer simulation shows different results compared to the full-buffer case. According to Table 2, a single subframe interference MR actually enhances overall system performance in all traffic load environments. More specifically, about 5% gain for average throughput and about 11~15% gain for 5% UE throughput are observed. For the non-full-buffer simulation, interference may abruptly vary depending on traffic load conditions around adjacent cells, so that a single subframe interference MR can better adapt such dynamic interference fluctuations.
As observed in Tables 1 and 2, effects of interference averaging may have different impacts to system performance according to the characteristics of interference. Considering that the dynamic interference environment of the non-full-buffer simulation is more realistic than the static interference environment of full-buffer simulation, interference MR should be introduced to compensate such different interference environment. Since interference MR has to be fit to various interference conditions, configurable MR interval for interference measurement captured as Alt.2 in Section 1 is desirable to be properly adapted to the different environments.
Proposal 3: Configurable MR interval for interference measurement via higher-layer signaling can be introduced for interference MR. 
4. Conclusion
In this contribution, we discussed the necessity for channel and interference MR with evaluation results, and provide our views on a preferable alternative for each of channel/interference MR. The proposals based on the discussion are given as follow:
Proposal 1: Channel MR should be supported at least for aperiodic beamformed CSI-RS transmission use cases, based on observing sufficiently high throughput gains over conventional periodic CSI-RS transmissions.

Proposal 2: Allowing only a single subframe MR is sufficient and appropriate to be supported as the simplest option for channel MR.

Proposal 3: Configurable MR interval for interference measurement via higher-layer signaling can be introduced for interference MR. 
______________________________________________________________________
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Annex A: Performance evaluation for aperiodic CSI-RS transmissions
In the following, we provide evaluation results for comparison among three beamformed CSI-RS based approaches as captured in the TR [4]:

	-
Approach 1, UE-specific beamforming on configured CSI-RS resource: In this approach, a serving eNB may dynamically change the beamforming weights applied on a NZP CSI-RS resource configured to a UE. To ensure that the UE resets the start time of a CSI measurement window when beamforming change occurs, the UE may explicitly or implicitly receive an indication from the eNB. Alternatively, the UE may be configured to always limit its NZP CSI-RS measurement window (e.g. to 1 subframe). An interference measurement window may also be used for CSI-IM measurements. Measurement resource restriction, for either or both of CSI-IM and CSI-RS, may apply in the frequency domain as well. 

-
Approach 2, CSI-RS resource change for channel measurement: In this approach, a UE is configured with M(>1) NZP CSI-RS resources. From those M resources, the eNB selects N (>=1) resource(s) for a CSI process and signals the selected resources to the UE. Alternatively, UE reports N selected CSI-RS resource indices out of M configured CSI-RS resources. 

-
Approach 3, Aperiodic beamformed CSI-RS: In this approach, a UE is configured with a CSI process on which the actual NZP CSI-RS transmission and CSI-IM measurement instances are controlled by eNB and signaled to the UE.  The measurement window can be configured by higher-layer signaling.


Antenna configuration of (4, 2, 2, 16) and 4 candidate vertical beam directions in a cell-specific perspective is considered. Note that vertical rank is restricted to 1 for all cases. For each case of Approaches 1, 2, and 3, NZP CSI-RS overhead per site (consisting of 3 sectors) is calculated as

· Number of horizontal antenna ports (which is 4 based on the assumed antenna configuration) multiplied by the total number of actually transmitted beamformed CSI-RS resources in the site (depending on each approach).

Table 1 summarizes the number of REs for NZP and ZP CSI-RSs per site as well as resulting average CSI-RS overhead (in the unit of REs/RB/subframe) used in the simulations for each approach, where we assume intra-site 3 cell reuse factor for NZP and ZP CSI-RS allocations. It is assumed CSI-RS transmission periodicity is 5ms.

X in Table 1 is the number of active UEs per site for Approach 1, where X UE-dedicated CSI-RS resources are needed. For Approach 2, we applied cell-specifically fixed 4 beamformed CSI-RS resource overhead regardless of the number of active UEs. For Approach 3, one CSI-RS resource is configured for aperiodic CSI-RS with 5ms period for a site, and is shared among multiple UEs in the site. That is, when multiple of UEs are attached to a site, the possible aperiodic CSI-RS transmission period per UE is also increased, resulting in the degradation of channel estimation performance. Therefore, for Approach 3, CSI-RS overhead is only the 4 REs per RB.

Table 1: CSI-RS overhead assumptions for simulation

	
	Approach 1
	Approach 2
	Approach 3

	# of REs for NZP and ZP CSI-RSs
	4·X
	4·4·3
	4

	average CSI-RS overhead (REs/RB/subframe)
	0.8·X
	9.6
	0.8


Table 2: Non-full buffer simulation results for Approaches 1, 2, and 3 in 3D-UMi scenario

	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Approach 2-1
	3.510 
	-
	1.130 
	-
	3.571 
	0.18
	1.5

	Approach 2-2
	3.560 
	1.4%
	1.146 
	1.4%
	3.636 
	0.18
	

	Approach 1
	3.917 
	11.6%
	1.312 
	16.1%
	4.082 
	0.16
	

	Approach 3
	3.863 
	10.1%
	1.286 
	13.8%
	3.960 
	0.17
	

	Approach 2-1
	2.338 
	-
	0.412 
	-
	1.869 
	0.44
	2.5

	Approach 2-2
	2.397 
	2.5%
	0.454 
	10.1%
	1.951 
	0.39
	

	Approach 1
	2.750 
	17.6%
	0.567 
	37.6%
	2.312 
	0.46
	

	Approach 3
	2.675 
	14.4%
	0.531 
	28.8%
	2.235 
	0.41
	

	Approach 2-1
	1.519 
	-
	0.126 
	-
	0.926 
	0.74
	3.5

	Approach 2-2
	1.564 
	3.0%
	0.137 
	9.2%
	0.978 
	0.71
	

	Approach 1
	1.709 
	12.5%
	0.150 
	19.7%
	1.124 
	0.76
	

	Approach 3
	1.767 
	16.3%
	0.166 
	32.0%
	1.163 
	0.71
	


In Table 2, evaluation results are shown for comparison among Approaches 1, 2, and 3. As shown in the table, Approach 2-1 shows the lowest performance due to the fixed and largest CSI-RS overhead in the simulations (as summarized in Table 1), so that we represent throughput gains for other approaches compared to the performance of Approach 2-1 as reference.

Approach 2-2 shows slightly improved performance than Approach 2-1 due to UE’s dynamic selection of N CSI-RS resources out of M candidate CSI-RS resources as explained before.

Approaches 1 and 3 show significantly improved performance than Approaches 2-1 and 2-2, indicating that controlled CSI-RS overhead by aperiodic CSI-RS transmissions can result in considerable benefits in EBF/FD-MIMO.

Note for Approach 1, latency issues on RRC reconfiguration of ZP CSI-RS configurations when new UEs are attached to the site as mentioned above is not considered in the simulations, so that the performance results may be degraded if we consider this aspect.

Approach 3 shows improved performance than Approach 1 for high RU case. In the aperiodic beamformed CSI-RS transmission cases, UEs’ preferable vertical beams are grouped and the aperiodic CSI-RS resource is allocated according to the grouped vertical beam. Therefore, less resources are used for CSI-RS transmissions for Approach 3 compared to Approach 1, resulting in the increased overall performance. This trend becomes significant when the number of active UEs is increasing, such that the highest performance gain is shown for Approach 3 especially for the high RU case.

Simulation Parameters and Assumptions for channel MR
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz

	BS antenna configurations 
	Antenna elements config: 4 x 2 x 2 (+/-45), 0.5λ horizontal / 0.8 λ vertical antenna spacing

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

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

	Duplex
	FDD

	Network synchronization
	Synchronized

	UE distribution 
	Follows TR36.873

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from TR36.873 

	UE array orientation 
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU, medium ~50% RU, high ~70%RU) [5]

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	CSI-RS, CRS 
	CSI-RS port is mapped to all TXRUs corresponding to one column of co-polarized antenna elements, CRS port 0 is associated with the first column with +45 degree pol, and CRS port 0 is mapped to the first TXRU.

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms

	
	Feedback delay is 5 ms 

	
	Rel-8 4Tx codebook for horizontal PMI feedback

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB. CSI-RS overhead is described in Table 1.

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Average UE throughput, 5% UE throughput, 50% UE throughput.


Annex B: Simulation Parameters and Assumptions for interference MR
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz

	BS antenna configurations 
	Antenna elements config: 8 x 2 x 2 (+/-45), 0.5λ horizontal / 0.8 λ vertical antenna spacing

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

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

	Duplex
	FDD

	Network synchronization
	Synchronized

	UE distribution 
	Follows TR36.873

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from TR36.873 

	UE array orientation 
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU, medium ~50% RU, high ~70%RU) [5]

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	CSI-RS, CRS 
	CSI-RS port is mapped to all TXRUs corresponding to one column of co-polarized antenna elements, CRS port 0 is associated with the first column with +45 degree pol, and CRS port 0 is mapped to the first TXRU.

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms

	
	Feedback delay is 5 ms 

	
	Rel-8 4Tx codebook for horizontal PMI feedback

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

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Average UE throughput, 5% UE throughput, 50% UE throughput.
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