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1 Introduction
In the last #80bis meeting, we discussed various schemes for beamformed CSI-RS based schemes. The remaining issues are summarized and captured in the meeting minute. The schemes are captured in [1] as a result of the email discussion [80b-03]. 
In this contribution, we address our view for the beamformed based schemes and possible specification impacts for schemes that are captured in the TP for TR [1].


2 Feedback enhancement schemes for beamformed CSI-RS schemes
The beamformed CSI-RS is an important scenario for reducing overhead of CSI-RS and/or CSI feedback. Each CSI-RS resource is beamformed by digital or analog virtualization, from which multiple vertical beams are generated. Each vertical beam can make a virtual cell, and overall operation can be similar to what can be expected in case of using vertical sectorization. In order to maximize EBF gains, we can increase the number of transmitting CSI-RS resources to support more CSI-RS antenna ports, or using the same CSI-RS antenna ports with time-adaptive virtualizations.
In this case, a desirable CSI feedback scheme is to apply a beam selection method for vCSI report. For example, UE can measure hPMI, hRI, and CQI for each beamformed CSI-RS resource, and reports the best beam index which provides the largest CQI. Note that differently beamformed CSI-RS resources may give a UE different received power, and that the existing codebook can be reused for determining hPMI. If larger dimension of CSI report is required for more effective beamforming in the elevation domain as well, UE may report multiple CSI-RS resource indices, i.e., the best M CSI-RS resource indices and their respective hPMIs. Considering that vCSI varies more slowly than hCSI, the CSI-RS resource index reporting can be less frequent than hCSI reporting.
Proposal: In the beamformed CSI-RS scenario, separate vCSI/hCSI report can be considered where vCSI includes selected CSI-RS resource index(es).
In the case of using separate reports for CSI, e.g., one report for vCSI and the other one for hCSI, the serving cell estimate the joint CSI by combining the hCSI and vCSI together. If a CSI-RS resource index(es) as vCSI is reported, then the serving cell chooses the virtual sector. If the vCSI consists of vCQI and/or vRI as well as vPMI, then the relationship of hCSI and vCSI should be defined to combine at UE or at the serving cell. Moreover, the number of CSI processes and CSI reporting resources such as PUCCH/PUSCH need to be taken into account.
The separate vCSI/hCSI reports may increase the feedback overhead compared to the one report for CSI, but the overhead can be diminished if the UE performs vCSI report less frequently than hCSI report. For vCSI report, a UE acquires CSI-RS resource index(es), or vPMI and vRI using a vertical domain codebook, which can be either a legacy codebook or a newly designed codebook. In the case that vPMI is considered, for hCSI report, the UE should acquire hPMI, hRI, and CQI, conditioned by the vPMI and vRI, or the assumed CSI-RS resource(s). If vCSI including vPMI is reported, instead of using a single CSI process, multiple CSI processes can be used in line with the separate CSI report, where vCSI and hCSI can be reported separately by means of different CSI processes. Those CSI processes should be inter-dependent. If one CSI process is assigned for vCSI report, then vCSI report may include at least vPMI and vRI. The other CSI process may include hPMI and hRI and CQI. A UE should assume the reference vPMI and vRI in order to measure hPMI and hRI and CQI. To describe the dependency of the two CSI processes, we can reuse the concept of PMI-reference CSI process.
Proposal: Inter-dependent CSI processes can be introduced if separate vCSI/hCSI report is configured to each CSI process.
3 Specification impacts for beamformed CSI-RS schemes 
During the previous meetings, the UE-specific beamformed CSI-RS resources are discussed as an alternative to non-precoded CSI-RS based schemes. The advantage of UE-specific beam is to concentrate transmission energy to a UE and to let UE measure less than 8 CSI-RS ports, which can reuse the legacy codebook. However, the UE-specific beamforming is sensitive to its steering angle. This angle can be given by DL measurement based on non-precoded CSI-RS (within the virtual sector) or by UL measurement based on SRS. For non-precoded CSI-RS, the new codebook can be introduced. The higher resolution codebook will distinguish more accurate steering angle. For SRS, the channel reciprocity and the TxU/RxU calibration should be assumed. In this case, the performance of UE-specific beamforming is sensitive to implementations. The group-specific beamforming May be  considered to reduce the transmission overhead of UE-specific beamforming when there are many connected UEs. Since UE pairing has the overhead and performance tradeoff, a careful UE grouping is the key to achieve a good UPT performance.
The Rel-12 LTE supports one CSI feedback per CSI process, which is defined by one CSI-RS resource. A UE should monitor many CSI-RS resources to properly associate virtual sector. But a Rel-12 UE supports up to three CSI processes and up to three DRSRP. Meanwhile inter-cell interference management will also share those monitoring resources. UE should be able to monitor at least two adjacent cells, and at least two virtual sectors of the serving cell with Rel-13 EBF. The UE should reserve some monitoring resources to interference managements and the remaining monitoring resources should be allocated to monitor the serving (virtual) sector. This means that the Rel-12 monitoring capabilities are not sufficient to fully exploit the EBF. The enhancement scheme should solve this scarcity of monitoring resources.
Observation: The beamformed CSI-RS based schemes focus on increasing the number of monitoring capabilities for the serving cell.
Even if sufficient monitoring resources are configured to UE for EBF, the feedback has also trouble because the amount of feedback linearly increases with respect to the amount of monitoring resources. In this case, we should apply the UE’s decision to reduce the feedback overhead. Just as the Rel-12 CSI reporting mode supports UE’s subband selection, the Rel-13 EBF should also allow for UE to select CSI monitoring result(s).

Table 1 Comments for beamformed CSI-RS based schemes
	Schemes in the [1]
	Specification impacts
	Comments

	One CSI process, one CSI-RS resource (scheme 1, scheme 2)
	Beam selection with cophasing between pols, or beam selection per layer/polarization + cophase between pols, or quantized cophase between ports if one beam is configured.
	Beam direction is different per polarization group
	According to the current LTE codebook, each polarization group in the same CSI-RS resource has the identical relative phase differences, i.e., each polarization group is has the same precoding but with different phase. If each polarization group of the same CSI-RS resource steers differently, then the codebook should capture this measurement result, which has bigger 2nd codebook size. Otherwise, an easy method is to allow UE to derive two PMIs per subband with additional cophase.

	
	Weighted linear combination of beams and quantized co-phasing between two polarization groups
	Quantized combining weight feedback 
	For the case of reporting linear combination weights, the CSI payload may increase if the specification will adopt the scalar quantization for those complex weights. In this case, we should be careful to permit periodic CSI reporting for the EBF of this approach due to increased CSI payload, and possibly only aperiodic CSI reporting modes can be supported. 

	
	Vertical PMI(s) for selected beam(s) with horizontal precoder within the selected beams.
	Two-component feedback (e.g., h|v PMI, vPMI), each codebook may have the different parameters.
	Precoding for EBF can be decomposed into two component such as vPMI and hPMI. Two component PMIs should be dependent. For example, vPMI is fed back first, and h|v PMI is fed back second, or vice versa. The current LTE does not support component feedback. Since vCSI and hCSI have different characteristics, e.g., angular spread, coherence time, each component codebook should be distinguished.

	
	UE port selection 
	Port subset index feedback 
	Each port set within one resource can have different direction, and UE should apply codebook for each port set.

	One CSI process, many CSI-RS resource (scheme 3)
	Beam(s) selection (BI) + CSI
	One or a few CSI-RS resources are collected to make one CSI process, and number of UE-selected resources can be fed back.
	One CSI process corresponds to a set of CSI-RS resource(s), which requires association signalling from the higher layer.

	Many CSI process (one CSI-RS resource per CSI process) (scheme 4)
	One or more beam selection + CSI
	CSI process selection
	If many beams are selected, then inter-dependent CSI processes should be introduced to build a consistent CSI report.

	DRS+CSI-RS (scheme 5)
	DI or DRSRP + CSI
	DRS index selection
	The RRM measurement has not been selected by UE. For the virtual sector selection, the performance requirement can be relaxed to associate the virtual sector faster.






4 Conclusion
[bookmark: _GoBack]In this contribution, we made following observations and proposals.
Observation: 
· The beamformed CSI-RS based schemes focus on increasing the number of monitoring capabilities for the serving cell.
Proposal:
· In the beamformed CSI-RS scenario, separate vCSI/hCSI report can be considered where vCSI includes selected CSI-RS resource index(es).
· Inter-dependent CSI processes can be introduced if separate vCSI/hCSI report is configured to each CSI process.
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