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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

In this contribution, we continue to discuss the transmission and configuration of beamformed CSI-RS for support of FD-MIMO and potential specification enhancements. The CSI reporting for beamformed CSI-RS based FD-MIMO is discussed in the companion contribution.
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. Therefore, CSI reporting could be different as discussed in [2]. 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 CSI-RS resources/configurations, with Nk ports for the kth CSI-RS resource. The parameter values, e.g. K and Nk could be different for cell specific and UE specific BF CSI-RS.
For cell specific beamformed CSI-RS, the CSI-RS ports associated with one CSI-RS resource can be used for enabling beamforming/precoding in the azimuth only, in the elevation dimension only or in both azimuth and elevation dimensions. The ports associated with each CSI-RS resource are compliant with Rel-12 specifications. Therefore, Nk of 1, 2, 4 and 8 shall be supported for cell specific BF CSI-RS. To determine the number of CSI-RS resources in one CSI process, e.g., K, a trade-off between beamforming gain and overhead needs to consider. With more CSI-RS resources, the beamforming could be more accurate. But CSI measurement complexity and feedback overhead would be increased accordingly. One solution is to configure only a subset of CSI-RS resources to UE for CSI reporting. For example, eNB selects 2 out of total 8 cell specific beams for each UE based on long-term CSI-RSRP measurements. It is expected the performance loss is negligible compared to a configuration of full set of CSI-RS resources for beam selection. 
Proposal 1: For cell specific beamformed CSI-RS, K can be equal to 2 and Nk can be 1, 2, 4 or 8. The maximum total number of CSI-RS ports associated with one CSI process is 16. 
For UE specific BF CSI-RS, the CSI-RS beam is rather narrow. To improve beamforming robustness, it is preferable to have more than two CSI-RS resources in one CSI process for beam selection. On the other hand, a smaller number of CSI-RS ports per CSI-RS resource can be considered, such as Nk equal to 1, 2 or 4. In such case, it is still possible to keep maximum total number of CSI-RS ports in one CSI process no greater than 16. Therefore, CSI measurement complexity is not increased compared to cell specific BF CSI-RS and non-precoded CSI-RS. 
Proposal 2: For UE specific beamformed CSI-RS, Nk can be 1, 2, 4, and K can be larger than 2. The combination of K and Nk shall not result in a total number of CSI-RS ports in one CSI process larger than 16. 
Secondly, it shall be discussed whether the configuration restriction shall be applied to multiple CSI-RS resources in one 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.

For other configuration restriction, such as Nk , Pc, CSR and scrambling ID, if new CSI-RS configuration follows the same design principle as the existing, Nk and scrambling ID can be independently configured for each CSI-RS resource. This means that Pc and CSR could also be different due to different Nk used for each resource. There is a merit of network flexibility, but this also causes unnecessary increase on signaling overhead and UE memory requirements since now up to 2*K Pc and CSR parameters values need to be configured for each CSI-RS resource and subframe set within one CSI process. On the other hand, if the same Nk is used for each CSI-RS resource, it is not necessary to have resource specific Pc and CSR configuration. Since UE complexity is more important in our view, it is desirable to have some restrictions in network configuration by using same CSI-RS resource and configuration parameters within one CSI process. 
Proposal 3: Configuration restriction of using the same CSI-RS resource and configuration parameters e.g., Nk, Pc, CSR, scrambling ID and subframe config within one CSI process shall be considered. 
In was also proposed in [3] that multiple CSI-IM can be associated with one CSI process for interference measurement even when Rel-12 two CSI subframe sets are not configured to UE. The motivation is to associate a different CSI-IM resource with each NZP CSI-RS resource so that the discrepancy in interference between each cell specific beam can be properly reflected in the BI determination. However, this may cause a significant increase on CSI-IM overhead. It implies also that beam selection shall be based on the post-receiver SE instead of the CSI-RSRP thus increasing UE processing complexity. In addition, it is not clear how multiple CSI-IM resources can be used to improve the beam selection. For inter-cell interference measurement, the interference from all the virtual sectors in the neighboring cells shall be present on the IMR. If intra-cell interference is also present on the IMR, e.g., IMR for one virtual sector including interference from another virtual sector of the same cell, UE may perform beam selection by considering intra-cell interference difference associated with each virtual sector. But this operation is useful only when fixed power allocation is used for each virtual sector. If dynamic power allocation is considered based on the eNB scheduling, there would be a CQI mismatch issue due to a wrong assumption on interference power leading to less robust link adaptation. Again, the beam selection is still performed by maximizing the throughput only from perspective of the reporting UE but not to avoid the worst inter-cell interference impacts. 
Proposal 4: A common interference measurement resource across all NZP CSI-RS resources within one CSI process is used as Rel-12 legacy. 
If multiple NZP CSI-RS resources are associated with one 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, there is no special on QCL assumption for BF CSI-RS. UE may assume that multiple CSI-RS resources within one CSI process and also CSI-RS ports in each CSI-RS resource are quasi-co-located with respect to delay spread, Doppler spread, Doppler shift and average delay. As Rel-12 legacy, the different quasi-col-location references are only applicable to multiple CSI processes. It is not preferable to mix CoMP and BF CSI-RS within the same CSI process. In other words, the mechanism for beam selection and BI reporting cannot be used for CoMP DPS/DPB. 
Proposal 5: Same as Rel-12 legacy all the CSI-RS ports associated with one CSI process can be assumed as 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 according to [4]. 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, it is allowed that the NZP CSI-RS resource configured to one UE can be overlapped with one of the ZP CSI-RS resources configured to another UE. If dynamic ZP CSI-RS indicator is used to inform PDSCH rate matching, the NZP CSI-RS resource assigned to one UE can be reused for PDSCH transmission of another UE. Therefore, it is not necessary to support aperiodic beamforming transmission with dynamic triggering. There are also other issues with aperiodic CSI-RS, such as not supporting periodic CSI reporting, which may have big impact on CSI feedback mechanism. 
Proposal 6: Aperioidic CSI-RS transmission will not be supported in Rel-13. 
According to current specification, there are up to 40 REs per RB pair can be assigned for CSI-RS transmission. For beamformed CSI-RS based FD-MIMO, it is expected that the CSI-RS overhead could be high due to UE dedicated resource allocation. In [4] several approaches for allocating beamformed CSI-RS resources are discussed, including TDM based CSI-RS resource sharing. Since CSI-RSs are beamformed with different weights, there could be good spatial separation between beamformed CSI-RS resources 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 7: 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 due to larger beamforming gain thus degrading CSI-RS channel estimation. CSI-RS muting can be used 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 multiple CSI-RS resources each with the same number of CSI-RS ports, 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 8: Hopping of CSI-RS resource mapping can be considered for interference randomization across CSI-RSs of different cells. 
3
Conclusion

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

Proposal 1: For cell specific beamformed CSI-RS, K can be equal to 2 and Nk can be 1, 2, 4 or 8. The maximum total number of CSI-RS ports associated with one CSI process is 16. 
Proposal 2: For UE specific beamformed CSI-RS, Nk can be 1, 2, 4, and K can be larger than 2. The combination of K and Nk shall not result in a total number of CSI-RS ports in one CSI process larger than 16. 
Proposal 3: Configuration restriction of using the same CSI-RS resource and configuration parameters e.g., Nk, Pc, CSR, scrambling ID and subframe config within one CSI process shall be considered. 
Proposal 4: A common interference measurement resource across all NZP CSI-RS resources within one CSI process is used as Rel-12 legacy. 

Proposal 5: Same as Rel-12 legacy all the CSI-RS ports associated with one CSI process can be assumed as quasi-co-located with respect to delay spread, Doppler spread, Doppler shift and average delay. 
Proposal 6: Aperioidic CSI-RS transmission will not be supported in Rel-13. 
Proposal 7: 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 8: Hopping of CSI-RS resource mapping can be considered for interference randomization across CSI-RSs of different cells. 
4
Reference

[1] 3GPP RAN1 #82 Chairman’s notes

[2] R1-15xxxx, “Discussion on CSI feedback schemes for class B CSI reporting”, Qualcomm Inc.
[3] R1-154946, “CSI-IM configuration framework for EBF/FD-MIMO”, Nokia Networks etc.
[4] 3GPP TR 36.897, “Study on elevation beamforming / Full-Dimension (FD) Multiple Input Multiple Output (MIMO) for LTE”.
PAGE  
4/4

