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1 Introduction
In RAN1#80bis meeting, several topics concerning the enhancement of CSI-RS were discussed and the following conclusions were obtained [1, 2].
Conclusions:

· Companies are encouraged to provide analysis/evaluation results and detailed design proposals, whose observation(s) may or may not be included in the TR.
· Example issues of encouragement in RAN1 #81 meeting are as follows

· Issues to be studied, depending on a CSI feedback scheme, e.g.,

· For non-precoded CSI-RS  based schemes,

· CSI-RS coverage aspects related to CSI-RS reuse pattern

· CSI-RS coverage aspects related to CSI-RS power boosting

· Impairments related to TDM of REs from >2 OFDM symbols, e.g., phase drifting
· Codebook design

· Study ways to support more than 8 CSI-RS ports

· For beamformed CSI-RS based schemes, including hybrid beamformed CSI-RS based schemes,

· Beamforming change on UE-dedicated CSI-RS resource

· CSI-RS resource switching for channel measurement

· Aperiodic beamformed CSI-RS (pooling of CSI-RS resources)
· CSI feedback related to hybrid beamformed and non-beamformed CSI-RS

· Study on the number of beamformed CSI-RS resources
· Impact of increased number of CSI-RS ports and resources on legacy Rel-8/9/10 UEs not supporting muting
· Study the impact of required number of CSI processes

· UE complexity (e.g., memory storage requirement)
· Channel measurement and interference measurement

In this contribution, several CSI-RS-related issues are discussed with the interference aspects, to address our views on the improvement in FD-MIMO. 
2 Discussion
2.1 Reliability of CSI measurement 
CSI-RS is conventionally transmitted without beamforming. However, the lack of beamforming in the CSI-RS can result in a somewhat unfavorable measurement in the channel estimation for FD-MIMO. When the UE measures the available SNR in FD-MIMO, it has to measure the available signal power to be received on the PDSCH (beamformed) through the measurement of the CSI-RS (non-beamformed), while it sees the interference (beamformed) from the neighbour cells. This indirect measurement with the relatively low-level reference signal is not necessarily of high quality and is not suitable for the implementation for FD-MIMO. Furthermore, when the coherence time of the channel is very small, it is possible that the offset value, which should be used to compensate for the difference due to the beamforming gain, is no longer sufficiently reliable.

For the better CQI and RI reports, it should be helpful that the CSI-RS is also transmitted with beamforming. By doing so, the undesirable factors in the CSI-RS measurement can be minimized, which allows more reliable channel estimation in the FD-MIMO.

Observation1: Beamforming for CSI-RS may improve the reliability in the channel measurement.
When the user data are transmitted with beamforming at the eNodeB from the neighbour cell, the interference level that the UE will experience in the CSI measurement can depend upon not only whether or not the data is transmitted with the beam directly targeted to the nearby UEs, but also the beam pattern used in the neighbour eNodeB. For example, it should be probable that the received interference level can increase when the neighbour-cell eNodeB reconfigures the transmission beam pattern and the new transmission power allotted to each beam becomes larger due to the renormalization of the transmission power. 
The sensitivity to the beam pattern may be alleviated when the beam is slowly (maybe semi-statically) reconfigured. However, such treatment is not usually desirable because the slow resource adaptation will have negative impact on the overall system throughput.
One way to circumvent this problem is to measure the CSI-RS transmitted from the neighbour eNodeB instead of the user data as the interference. ZP-CSI-RS should be configured by the serving cell to measure the CSI-RS from the neighbour eNodeB. When the CSI-RS is transmitted with beamforming and is received all over the cell, the interference level can be better estimated due to the constant nature of the CSI-RS transmission power. 

In the serving eNodeB, the feedback information is evaluated considering the effect of the beam patterns, which are used to transmit the CSI-RS in the neighbour cells. Thus, it is necessary that the information of the beam pattern should be shared among the neighbour cells over X2, to correctly estimate the interference level with the measured CSI-RS level.
Observation2: Measurement of CSI-RS from other cells can be useful to measure the interference.
With above observations, the following proposals are made:
Proposal 1: eNodeB should transmit CSI-RS with beamforming.
Proposal 2:  For the reliable measurement, the beamforming pattern information should be shared among the neighbour eNodeBs. 
2.2 Compatibility with Rel-8 UE
Unlike Rel-10 UEs, for the Rel-8 UEs, CSI-RS is seen as the interference, which can degrade their performance. 

When beamforming is applied and the CSI-RS level becomes larger, the signal quality of the data for Rel-8 UE can be significantly degraded. Therefore, for the legacy UE, it should be necessary that the subframe that uses beamforming for CSI-RS and the subframe that does not should be exclusively allocated, to avoid any interference between them.
Proposal 3: The subframe for CSI-RS with beamforming and the subframe for Rel-8 data should be exclusively allocated. 
2.3 Polarity of beamforming
In considering the polarity of the beamforming, it should be natural that the beamforming should be implemented for both horizontally and vertical. When the beamforming is performed only vertically and is targeted to the upper-floor of the high-rise building, the horizontally omnidirectional transmission of the CSI-RS for the predefined elevation angle results in the significant loss of the transmission energy. Such transmission may further cause unnecessary interference to the UE in the neighbour cells.   
Proposal4: CSI-RS should be transmitted with both vertical and horizontal beamforming, at least for the large-elevation angle scenario.
2.4 Inter-beam interference
When the beamforming is applied to the CSI-RS, it should be necessary that multi-beams should be implemented to cover the cell area. However, when the CSI-RS is transmitted with multi-beams, it is possible that some of the beams cause interference and the orthogonality of the CSI-RS can be degraded. For example, such interference arises when one of the beams transmitted from the serving eNodeB coincides with another beam due to the multipath effect and the CSI-RS no longer provides the reliable channel information. 
To improve the robustness to such interference, the eNodeB can use multiple CSI-RS so that the orthogonality of the reference signals can be ensured. However, excessively large multiplicity of the CSI-RS will increase the complexity of the beamforming and use unacceptably large resource, which are not desirable.
The orthogonality can be improved with the antenna ports for the multiple CSI-RS. The interference between the neighbouring beams decreases when the antenna ports are appropriately mapped.  The UE feedbacks the CQI/RI based on the multiple beams, each of which is transmitted with the associated antenna port.

Proposal5:  The UE feedbacks the CSI information based on the multiple CSI-RS.
3. 
Conclusions
In this contribution, the following observations and proposals are made:
Observation1: Beamforming for CSI-RS may improve the reliability in the channel measurement.
Observation2: Measurement of CSI-RS from other cells can be useful to measure the interference.
Proposal 1: eNodeB should transmit CSI-RS with beamforming.
Proposal 2:  For the reliable measurement, the beamforming pattern information should be shared among the neighbour eNodeBs. 
Proposal 3: The subframe for CSI-RS with beamforming and the subframe for Rel-8 data should be exclusively allocated. 

Proposal4: CSI-RS should be transmitted with both vertical and horizontal beamforming, at least for the high-elevation angle scenario.

Proposal5:  The UE feedbacks the CSI information based on the multiple CSI-RS.
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