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1. Introduction
In this contribution we address the issue of CSI measurement and measurement restrictions for NZP CSI-RS and CSI IM for enabling the elevation BF/FD-MIMO transmission schemes under consideration – Class A and Class B. Specifically we observe that measurement restrictions for CSI-IM configuration can facilitate obtaining CSI feedback information from a UE under multiple UE pairing hypotheses.
The following related agreements were made in RAN1#82:

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

2. Measurement restrictions for NZP CSI-RS 
A measurement restriction basically implies that NZP CSI-RS measurements peformed at the UE cannot be mixed across certain resource boundaries. A feedback hypothesis (e.g. CQI/PMI/RI) should respect measurement restriction boundaries. 

The need for measurement restrictions for NZP CSI-RS is easily motivated for UE specific BF CSI-RS based schemes identified as Class B Alt-2 schemes. In UE specific beamformed CSI-RS based schemes a CSI-RS beam is tailored towards a particular UE. The beamforming for CSI-RS is naturally in 2D and typically a beamformed CSI-RS resource comprises of 1-2 ports according to the maximum number of layers that is intended to be scheduled to the UE. The UE is expected to provide CQI, RI feedback and port selection/co-phasing feedback – an objective here is to reflect the beamforming and receiver processing gains into the CQI. The challenge here is to control the system wide CSI-RS overhead and to also allow dynamic changes to the beam weights applied to the CSI-RS – and measurement restriction for NZP CSI-RS has the potential to address both of these issues.
In the context of cell-specific BF CSI-RS based schemes identified as Class B Alt-1, such a measurement restriction can allow the eNB to change the cell-specific beamforming weights. This flexibility is meaningful for advanced network deployments where even though the beamforming weights are targeted to a group of UEs they can be adjusted in the long-term based on the condition of the network. The beamforming weights, for example, can be adjusted to different downtilt angles based on load and interference environment, they can also be made wider or narrower.
In the context of non-precoded CSI-RS based schemes identified as Class A, the usefulness of measurement restriction could come from the ability of the network to predict the downlink interference experienced by a UE on a particular CSI-RS subframe. Considering a larger number of CSI-RS ports e.g. 16, the reuse factor reduces to a great extent and the ability of the network to mute colliding PDSCH transmission coming from neighbouring cells becomes increasingly difficult. In such cases a measurement restriction can limit the impact of heavily interfered CSI-RS subframes to only certain CQI/PMI/RI instances – moreover the eNB may be able to predict such heavily interfered CSI-RS sub-frames.
Proposal-1: Measurement restrictions for configured NZP CSI-RS can be benefitial to the network for both Class A and Class B transmission schemes and should be considered for standardization in Rel-13.
3. Measurement restrictions for IMR
In order to harvest the gains from the large number of TXRUs, MU-MIMO operation is critical and needs to be optimized as well. In practice MU-MIMO transmission on the downlink is limited primarily due to inaccurate link adaptation issues. Two main issues with link adaptation can be highlighted a) the challenge of selecting the best paired UEs for co-scheduled transmission, b) the accuracy in determining the transmission parameters like PMI, MCS for transmission of PDSCH to the selected MU-MIMO pair. Both steps a) and b) are generally determined together in the scheduling phase (within a TTI) at the eNB and rely on the SU MIMO feedback received from the UE. Alternatively it is possible to to decouple the pairing time instance from the actual PDSCH scheduling by introducing a delay of several milliseconds (for example 20ms). During this time interval, it is possible for the eNB to obtain an accurate estimate of PMI and MCS based on the decision of step a). The benefit of this approach is that the accuracy of step b) improves significantly. However, the decision of pairing is done based on initial CSI feedback, hence it is not improved and an additional delay is introduced in scheduling the data packet. Overall we found throughput improvement of the order of 8-12% in low speed scenario (no delay metric was measured) as shown below. Figure 1 and Figure 2 are preliminary results showing the potential of such scheduling and feedback refinement operation in the case of a 8TXRU (azimuth only) system. The simulation assumptions are the same as the phase-1 simulation assumptions for 3D-UMi scenario at 2GHz. The results shown below are for bursty traffic in high RU case.  
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Figure 1: Throughput comparison (Mbps) for a system with 8 TXRUs with optimization for MU-MIMO MCS prediction
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Figure 2: Relative throughput gains in percentage due to optimization for MU-MIMO MCS prediction
As described above measurement restriction may facilitate dynamic SU/MU MIMO switching where different interference measurement hyphothesis are utilized when SU and MU are used. 
In order to enhance the link adaptation performance for MU-MIMO following the methodology described above, a UE can be configured to provide CSI feedback associated with multiple MU-MIMO pairing hypothesis. In this case, NZP CSI-RS overhead in the system is not a concern since all the MU-MIMO pairing hypotheses can be associated with the same physical NZP CSI-RS resource. However, there is a possibility of a significant increase in IMR overhead. In order to  accommodate that, measurement restrictions for IMR can be considered. This is illustrated in Figure 3 where multiple MU-MIMO pairing hypoetheses can be associated with an IMR instance by partitioning an IMR resource into multiple measurement resources. 
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Figure 3: Illustrating multiple measurement restrictions associated with an IMR resource to facilitate CSI feedback from a UE based on multiple pairing hypothesis
Observation-2: Throughput gains can be achieved by allowing CSI feedback from a UE under different MU-MIMO pairing hypothesis using measurement restrictions for IMR

Proposal-2: Measurement restrictions for configured CSI-IM can be benefitial to the network for both Class A and Class B transmission schemes and should be considered for standardization in Rel-13.

4. Measurement restriction schemes
Several alternatives for configuring the measurement restriction (MR) of both CSI-RS and IMR has been discussed in RAN1#82. The current proposals are having the same goal of enabling MR, however we want to highlight that the MR setup needs to allow a clear description of the UE behaviour and enable a consistent operation in a multi UE vendor ecosystem. In this respect we see important that the eNB has the possibility to configure the MR parameters and be aware of the MR parametrization used at the UE.  The current proposals have diffent pros and cons. 

Alt.1: Fixed MR ON or OFF via higher-layer configuration ( X/Y are fixed to a single value respectively in specification): such configuration provides an unambiguous operation to the eNB, however does not provide much flexibility in MR interval configuration at the network side.  The specified MR interval X and the actual MR interval implemented by the UE and denoted by X-UE (in Figure 4) can be assumed to be equal.
Alt.2: Configurable MR ON or OFF via higher-layer configuration (X/Y={OFF, 1, … , NX/NY} are higher-layer configurable: this option provides more flexibility to the network in terms of adapting the MR interval configuration. In this case as well the specified MR interval X and the actual MR interval implemented by the UE and denoted by X-UE (in Figure 4) can be assumed to be equal.  
Alt.3: CSI measurement is periodically reset (reset period and subframe offset are higher-layer configured): This option seems to create a complicated configuration/measurement environment as a different, potentially paired UE, may be operating with a different MR interval  etc. In this case the specified MR interval X can be assumed to the same or greater than the actual MR interval implemented by the UE and denoted by X-UE (in Figure 4). The eNB is not aware of X-UE.
In general we differentiate the following possible configurations:
1. X=Y=1: Instanteneous interference measurement.

2. X={2,…,NX}, Y={2,…,NY}: allows for interference averaging in a given, controllable environment where resources may be configured accordingly.

3. X=inf, Y=inf: corresponds to current specification which is not sufficient for flexible FDMIMO operation.

In Figure 4 we illustrate the above options where the eNB configures a MR interval X while the UE implements an actual MR interval of X-UE. The value of X in any case determines the maximum number of NZP CSI-RS/IMR subframes up until and including the CSI reference resource. A UE chooses a window X-UE for averaging implementation that is less than or equal to X.
It would be preferable if there is some flexibility in configuring a MR interval at the network side. It would also be desirable if it can be assumed that the specified MR interval X and the actual MR interval implemented by the UE and denoted by X-UE (in Figure 4) are equal.
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Figure 4: Illustration of MR schemes for CSI-RS (or IMR), X is the number of CSI-RS instances that limit the averaging window for a UE. The UE chooses an avereraging window X-UE that is less than or equal to X.
Proposal-3: Consider a MR configuration mechnism which provides a well-defined and predictable behavior among UEs.

5. Conclusion
Proposal-1: Measurement restrictions for configured NZP CSI-RS can be benefitial to the network for both Class A and Class B transmission schemes and should be considered for standardization in Rel-13.
Observation-2: Throughput gains can be achieved by allowing CSI feedback from a UE under different MU-MIMO pairing hypothesis using measurement restrictions for IMR

Proposal-2: Measurement restrictions for configured CSI-IM can be benefitial to the network for both Class A and Class B transmission schemes and should be considered for standardization in Rel-13.

Proposal-3: Consider a MR configuration mechnism which provides a well-defined and predictable behavior among UEs.
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