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1. Introduction
In this contribution we address the issue of measurement restrictions for NZP CSI-RS for enabling beamformed CSI-RS based transmission schemes. In addition, we also look at measurement restrictions for IMR that allows MU-MIMO optimization. Specifically we observe that measurement restrictions for IMR can facilitate obtaining CSI feedback information from a UE under multiple UE pairing hypotheses.
2. Measurement restrictions for NZP CSI-RS
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Figure 1: Illustration of UE specific beamformed CSI-RS based schemes. 2 beamformed CSI-RS resources are associated with UE-1 and UE-2 respectively, each with 2Rx. Each beamformed CSI-RS resource is associated with 2 ports. The beamforming for the CSI-RS resources are allowed to change at a fast time-scale.

One of the transmission schemes for elevation BF/FD-MIMO discussed and evaluated during the SID phase is UE specific BF CSI-RS based 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. UE specific beamformed CSI-RS based schemes are mainly relevant for networks utilizing reciprocity for beamforming the CSI-RS.

In this case, as also noted in 36.897, some measurement restrictions on the configured CSI-RS can be beneficial for the eNB for adapting the beam weights dynamically. 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. 
Observation-1: Measurement restrictions for configured NZP CSI-RS can be benefitial for the eNB for adapting the beam weights dynamically for UE specific BF CSI-RS based transmission schemes

The method for obtaining channel knowledge at the eNB for adapting the beam-weights applied to the CSI-RS is left to implementation but it can be assumed that the channel knowledge needed for fast adaptation of beam weights in a UE specific way must be very noisy. In such cases wideband beam weights are a reliable choice for obtaining beamforming gains. Also due to hardware cost and limitations, the beam weights for CSI-RS may be partially formed in RF in which case the RF component would typically be wideband. Therefore adaptation of beam weights in the time dimension may provide sufficient flexibility for UE specific BF CSI-RS based transmission schemes.
Proposal-1: Consider measurement restrictions in the time domain for NZP CSI-RS for facilitating dynamic adaptation of UE specific beams

Note that in order to accurately reflect the change in beam weights on CSI feedback, a CSI reference resource (as defined in 7.2.3 in 36.213) has to be associated with a measurement restriction. Measurement restrictions in the time domain associated with a NZP CSI-RS resource reduces to a set of consecutive subframes spanning one or more NZP CSI-RS subframes. A CSI reference resource should reside in a measurement restriction corresponding to the NZP CSI-RS. The measurement restriction can configured in a UE specific way through higher layer signaling.
Proposal-2: Consider defining a measurement restriction by a set of consecutive subframes spanning k NZP CSI-RS subframes. A CSI reference resource should reside in a measurement restriction corresponding to a NZP CSI-RS.
3. Measurement restrictions for IMR
The measurement restrictions for NZP CSI-RS discussed above provides a basic mechanism for operating UE specific BF CSI-RS based schemes using SU-MIMO transmission. 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 reality 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 the steps a) and b) are generally determined together in the scheduling phase (within a TTI) at the eNB. Alternatively it is possible to perform step a) as usual but then delay the PDSCH transmission step b) by about 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) imporves significantly. Howeever, step a) 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 is measured) as shown below. Figure 1 and Figure 2 are preliminary results showing the potential of this concept 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 2: Throughput comparison (Mbps) for a system with 8 TXRUs with optimization for MU-MIMO MCS prediction
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Figure 3: Relative throughput gains in percentage due to optimization for MU-MIMO MCS prediction
In order to enhance the link adaptation performance for MU-MIMO following a methodology as 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 4 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 4: 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
4. Conclusion
Observation-1: Measurement restrictions for configured NZP CSI-RS can be benefitial for the eNB for adapting the beam weights dynamically for UE specific BF CSI-RS based transmission schemes
Proposal-1: Consider measurement restrictions in the time domain for NZP CSI-RS for facilitating dynamic adaptation of UE specific beams
Proposal-2: Consider defining a measurement restriction by a set of consecutive subframes spanning k NZP CSI-RS subframes. A CSI reference resource should reside in a measurement restriction corresponding to a NZP CSI-RS.
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
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