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1 Introduction

In RAN1#82 meeting, the following was agreed for beamformed CSI-RS enhancements for support of FD-MIMO [1]:

· A CSI process is associated with K CSI-RS resources/configurations (per definition in 36.211), with Nk ports for the kth CSI-RS resource (K could be >=1)

· Note: it is up to RAN2 to design the signaling configuration structure to support the above association

· Maximum value of K is FFS

· Maximum total number of CSI-RS ports in one CSI process 

· For CSI reporting class A, the Maximum total number of CSI-RS ports is 16

· FFS the maximum total number of CSI-RS ports in one CSI process is for CSI reporting class B

· For the purpose of RRC configuration of CSI-RS resource/configuration

· For CSI reporting Class A, RAN1 will choose one of the alternatives 

· Alt.1: CSI-RS resource/configuration with Nk: =12/16 to be defined in the spec (The index of CSI-RS configuration can be configured for CSI process with K=1). 

· Alt.2: 12/16 ports CSI-RS is an aggregation of K configured CSI-RS resources/configurations with 2/4/8 ports. (K>1)

· FFS on the schemes for aggregation and port indexing

· FFS between fixed or configurable value(s) for Nk

· For CSI reporting class B, FFS for details

· Note: It is possible to extend the value of Nk: in future releases

· FFS by RAN1 on the configuration restriction of using same CSI-RS resource/configuration parameters within one CSI process (e.g. Nk , Pc, CSR, scrambling ID, subframe config., etc.) 

· FFS on the QCL on CSI-RS ports

During the last RAN1 meeting the values of K and Nk were ageered as the following

· K={1, 2, ..., 8} conditioned upon N1+…+NK ≤ NTOTAL and Nk={1, 2, 4, 8}
· NTOTAL is TBD
In this contribution, we continue to discuss the remaining details on configuration of beamformed CSI-RS for support of FD-MIMO and potential specification enhancements. 

2 Discussion
Beamformed CSI-RS based schemes can provide efficient support of FD-MIMO by precoding CSI-RS ports with predetermined weights. The beamformed CSI-RS can be controlled either cell specifically or UE specifically. The major difference is whether the CSI-RS beamforming weights are fixed or changing over time. For the configuration of beamformed CSI-RS, the same framework can be used for both cell specific and UE specific BF CSI-RS. For example, a CSI process is associated with K>=1 CSI-RS resources/configurations, with Nk ports for the kth CSI-RS resource, for cell specific and UE specific BF CSI-RS, respectively. 
For cell specific BF CSI-RS based schemes, the maximum number of CSI-RS resources associated with a CSI process is 8. For Nk = 8 it means that up to 64 antenna ports can be configured in a CSI process for channel measurement. Due to the limitation of the available CSI-RS REs in one subframe the 64 CSI-RS ports will be spread into at least two subframes if orthogonal multiplexing is reused for CSI-RS. Measuring CSI-RS ports in different subframes is not preferred from UE perspective since it will increase unnecessary power consumption. Secondly, the channel measurement complexity is very high for a larger number of antenna ports such as 32 and 64. Recall that during EB/FD-MIMO study phase, one key observation for cell specific BF CSI-RS based scheme to differentiate with non-precoded CSI-RS based scheme is “similar UE complexity for CSI measurements may be maintained as in Rel-12” as captured in TR 36.897 [2], it is not preferable to have a total number of antenna ports larger than 16 for class B with K > 1.
Proposal 1: For class B with K>1, the total number of antenna ports in a CSI process shall not exceed 16. 
Secondly, it shall be discussed whether the configuration restriction shall be applied to multiple CSI-RS resources in a CSI process. One restriction is to use the same subframe configuration for all the CSI-RS resources. Although an independent configuration of CSI-RS resources for a CSI process in terms of duty cycles and subframe offset provides more flexibility in placement, it has the following drawbacks

· Impact of legacy UEs. There is serious performance loss for puncturing the data region of legacy UEs in CSI-RS transmission subframes. Although legacy UE can be configured with zero power CSI-RS for PDSCH and EPDCCH RE mapping, this is only valid when CSI-RS transmission subframes are fully overlapped with one zero power CSI-RS configuration, e.g. on a grid of 5ms.

· Impact on DRX mode. Measuring multiple CSI-RSs resources associated with one CSI process in different subframes increases the wakeup duty cycle requirements and reduces the UE battery life. 

Therefore, our preference is to place multiple beamformed CSI-RS resources associated with a CSI process in the same subframe. This would guarantee that the legacy impact is limited to a minimum number of subframes and also reduce the computation complexity of feedback computation.

Proposal 2: K CSI-RS resources associated with a CSI process shall be assigned with the same subframe offset parameter.
For K NZP CSI-RS resources associated with a CSI process, all the CSI-RS resources are associated with the same antenna array and it is reasonable to expect to have the same quasi-colocation reference. Therefore, for class B with K>1 UE may assume that all CSI-RS ports across K CSI-RS resource are quasi-co-located with respect to delay spread, Doppler spread, Doppler shift and average delay. 
Proposal 3: For class B with K>1, all CSI-RS ports across K CSI-RS resources are quasi-co-located with respect to delay spread, Doppler spread, Doppler shift and average delay. 
For UE specific BF CSI-RS, one approach for allocating CSI-RS resource is to use aperiodic CSI-RS transmission. That is, UE can be configured with a CSI process on which the actual NZP CSI-RS transmission is controlled by eNB and signaled to the UE. The major benefit of aperiodic CSI-RS is better CSI-RS overhead control since the corresponding CSI-RS REs can be released for PDSCH transmission when there is no need to transmit CSI-RS. However, the benefit on CSI-RS overhead saving is questionable. According to the current specification, the NZP CSI-RS resource configured to one UE can be overlapped with one of the ZP CSI-RS resources configured to another UE. Therefore, if PQI bits are used to inform PDSCH rate matching, the network can control whether to reuse the NZP CSI-RS resource assigned to one UE for PDSCH transmission of another UE. Therefore, aperiodic CSI-RS transmission with dynamic triggering is not necessary to support. There could be other issues with aperiodic CSI-RS, such as not supporting periodic CSI reporting, which may have big impact on CSI feedback mechanism. 
Proposal 4: Aperiodic CSI-RS transmission will not be supported in Rel-13. 
According to current specification, orthogonal resource multiplexing is used for CSI-RS. For beamformed CSI-RS based FD-MIMO, it is expected that the CSI-RS overhead could be high due to UE dedicated resource allocation. Since CSI-RSs are beamformed with different weights, there could be good spatial separation between beamformed CSI-RS if the corresponding beamforming weights are orthogonal. Therefore, quasi-orthogonal multiplexing via SDM shall be supported also for beamformed CSI-RS. At least a spatial multiplexing factor of two can be considered. For example, two CSI-RS resources could occupy the same REs if the precoder for CSI-RS is orthogonal. Higher order spatial multiplexing can be considered also as long as the interference across multiple spatial multiplexed CSI-RS resources can be controlled by eNB. 
Proposal 5: Quasi-orthogonal multiplexing with a spatial multiplexing factor of two shall be supported for BF CSI-RS. FFS on whether the spatial multiplexed CSI-RS resources can be assigned to the same UE. 
Another desirable feature to consider is enabling hopping for CSI-RS resource mapping over time. This is a departure from the CSI-RS design in Rel-12 where the CSI-RS locations are not changing over time. The hopping is beneficial to randomize inter-cell interference across the CSI-RS REs. Without hopping, if the beamformed CSI-RS of two cells collide in one subframe, they will collide in all subframes. The collision may incur serious interference degrading CSI-RS channel estimation due to CSI-RS beamforming. It is possible to use CSI-RS muting to avoid the collision of two cells CSI-RS. However, this would incur larger CSI-RS overhead. Hopping mapping can reduce the CSI-RS collision with dominant interferer cell and ensure interference randomization across the CSI-RSs of different cells. As an example, if one CSI process is associated with K CSI-RS resources with the same value of Nk, the RE mapping for one CSI-RS resource in one subframe can be chosen from a resource configuration list which consists of a set of resource configuration indices, e.g., not fixed. The selected resource configuration index may hop over time with a pre-defined pattern known to UE. As a result, the CSI-RS ports of one CSI-RS resource are mapped to different RE pairs in each CSI-RS subframe to achieve interference randomization. 
Proposal 6: Hopping of CSI-RS resource mapping can be considered for interference randomization across CSI-RSs of different cells. 
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Conclusion

In this contribution, we discuss the BF CSI-RS design for CSI reporting class B. We have the following proposals:

Proposal 1: For class B with K>1, the total number of antenna ports in a CSI process shall not exceed 16. 
Proposal 2: K CSI-RS resources associated with a CSI process shall be assigned with the same subframe offset parameter.
Proposal 3: For class B with K>1, all CSI-RS ports across K CSI-RS resources are quasi-co-located with respect to delay spread, Doppler spread, Doppler shift and average delay. 
Proposal 4: Aperiodic CSI-RS transmission will not be supported in Rel-13. 
Proposal 5: Quasi-orthogonal multiplexing with a spatial multiplexing factor of two shall be supported for BF CSI-RS. FFS on whether the spatial multiplexed CSI-RS resources can be assigned to the same UE. 
Proposal 6: Hopping of CSI-RS resource mapping can be considered for interference randomization across CSI-RSs of different cells. 
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