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Introduction
The work item on elevation beamforming/full-dimension MIMO (EB/FD-MIMO) was approved in RAN#68, with an objective to standardize beamformed CSI-RS in Rel.13. Two beamformed CSI-RS schemes are possible as concluded by the SI:
· Cell-specific beamformed CSI-RS
· Multiple beams are transmitted from the eNB to provide cell wide coverage.
· A UE is semi-statically configured with one or multiple CSI-RS resources, where each CSI-RS is corresponding to a static beam. 

· Beam weight is static in the time domain, e.g. the beamforming weight remains constant across different subframes in a CSI-RS resource.
· UE-specific beamformed CSI-RS

· A single CSI-RS resource may be configured per UE; the CSI-RS resource configuration is static.
· Different beamforming weight may be used across different subframes within the CSI-RS resource. In other words, beam direction change in the time domain to track the UE movement within the cell.
For UE-specific beamformed CSI-RS, as the beamforming weight across different subframes can be non-static, restricted time-domain measurement is needed to ensure that UE does not average subframes with different beamforming weights. This is not possible in the current LTE design where UE time domain averaging is entirely up to UE implementation and cannot be controlled by the eNB. 

In this contribution we discuss the support of restricted channel measurement for UE-specific beamformed CSI-RS.
Discussion
For UE-specific beamformed CSI-RS, the beamforming weight on different subframe may change on a per-subframe basis. The benefit of this scheme is to enable TDM-multiplexed CSI reports (for different beam hypothesis) on a single CSI-RS resource. An example is given in Fig. 1. The number of beams (e.g. V0, V1, V2, V3), and the beamforming cycling duration used for each beam Vi  (e.g. N1 and N2) are eNB implementation choices and should not restricted by the specification. However, the following observations are noted regarding the cycling periodicity N1/N2:
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Fig. 1: Exemplary beam switching 
· With a large cycling periodicity N1/N2, CSI-RS becomes semi-static in the time domain and essentially equivalent to cell-specific CSI-RS. In this case, the eNB needs to wait a long period of time in order to receive CSI feedback corresponding to a specific beamforming hypothesis Vi, thus suffering higher CSI delay and degraded CSI accuracy. To avoid excessive feedback delay, eNB may configure multiple CSI-RS resources, each cycling through a different set of beams (e.g. CSI-RS resource 1 cycles through beam {V0, V1}, CSI-RS resource 2 cycles through beam {V2, V3}). However, this will increase the CSI-RS overhead which contradicts the purpose of UE-specific beamforming in the first place. Last but not least, semi-static beams mean that multiple CSI-RS resources must be configured to cover different UEs in the cell, further increasing the CSI-RS overhead.
· With a small cycling periodicity N1/N2 (e.g. 1 or 2 subframes), one CSI-RS resource will very quickly cycle through all beamforming hypothesis and reports all CSI to the eNB, achieving very low feedback delay and higher CSI accuracy. Furthermore, a fast cycling pattern can allow one CSI-RS resource to serve all UEs in the entire cell, achieving very low CSI-RS overhead.
Observation: A fast cycling pattern of beamforming hypothesis is beneficial for low CSI delay, high CSI accuracy, and low CSI-RS overhead.
Nevertheless, the exact beam cycle pattern should be left to eNB vendors. As a general principle, measurement restriction should allow eNB vendors differentiation to optimize for various deployment scenarios, but not mandate a particular eNB implementation. 
Proposal: Measurement restriction should be sufficiently flexible to allow different eNB differentiations, rather than mandating a particular eNB design.
Proposal: 

· A measurement restriction ON/OFF field is configured for each CSI-RS resource.
1.1.  Aperiodic CSI
The amount of controllability in measurement restriction depends on the downlink control signalling overhead. There are at least two possible schemes for restricted measurement resources:
· Alt-1: UE measures one CSI-RS subframe. 
· Pros:  Minimal specification change. 
· Cons: Limited channel sampling, potentially low CSI accuracy
· Alt-2: RRC configures N subsets of restricted CSI-RS subframes. Each subset corresponds to a number of subframes carrying CSI-RS (within the configured CSI-RS resource), whereas the {number, location} of the nth subset (1<=n<=N) is configured by higher layer. Dynamic signalling is then used to indicate which subset of subframes can be used for CSI measurement. This is analogous to CSI triggering for TM10 and DL carrier aggregation, and hence can be easily specified.
· Pros:  Higher eNB flexibility in controlling the UE measurement behaviour.
· Cons: Increased DL control overhead. 

In Figure 1, the cell-edge performance is compared when each CSI report is averaged over N CSI-RS subframes, where N = 1, 2, 4. Compared to the baseline performance with N = 1, non-negligible performance gain is achieved by multiple subframe measurement with N = 2 and N = 4,. As a conclusion, provided that the beamforming weight are static within the measured set of subframes, it is beneficial to allow channel averaging over multiple CSI-RS subframes, subject to the eNB’s control. On the other hand if the eNB wishes to limit channel measurement to 1 subframe, the specification should allow such a possibility.

[image: image2.png]25.0%

20.0%

15.0%

10.0%

5.0%

0.0%

16TXRU 32TXRU

' 2Subframes 4 Subframes

64TXRU





Figure 1. Cell-edge performance gain of multple subframe CSI mesurement in 3D-UMi scenario (λ=5)

Proposal: consider at least the following two CSI measurement restriction mechanism for aperiodic CSI
· Alt-1: UE measures one CSI-RS subframe. 

· Alt-2: UE is dynamically indicated to measure a subset of CSI-RS subframes (within the configured CSI-RS resource); the candidate measurement subframe subsets are configured by RRC signalling.
1.2. Periodic CSI

Since there is no dynamic signaling associated with periodic CSI, it is not possible to dynamically control the subframes for CSI measurement. On the other hand, given that periodic CSI is intended to provide a rough idea of the link quality, high CSI granularity is not the main target for PUCCH. Hence, CSI measurement in one subframe is acceptable. 
Proposal:
· UE measures on CSI-RS subframe for each periodic CSI feedback, e.g. the latest CSI-RS subframe no later than the CSI reference subframe.
Conclusions

In this contribution we discussed beamformed CSI-RS and the necessary measurement restriction for UE-specific beamformed CSI-RS. Given the discussion our conclusions are summarized below

Proposals:
· UE measurement restriction should be sufficiently flexible to allow different eNB implementation possibilities.

· A measurement restriction ON/OFF field is configured for each CSI-RS resource.
· If measurement restriction is configured ON

· For aperiodic CSI, consider at least the following two CSI measurement restriction schemes
· Alt-1: UE measures one CSI-RS subframe. 

· Alt-2: UE is dynamically indicated to measure a subset of CSI-RS subframes, where the candidate subsets of subframes are configured by RRC signalling.

· For periodic CSI, UE measures on CSI-RS subframe, e.g. the latest CSI-RS subframe no later than the CSI reference subframe.
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2. Appendix

Table A1: Evaluation assumptions for CSI measurement restriction
	Parameter
	Value

	Antenna configuration
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space
Vertical: 8 elements, 0.8λ space

	Scenario
	3D-UMi

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	UE  distribution
	Follows 36.873 3D-UMa, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	FTP model 1 with λ=5

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	PMI/CQI feedback granularity
	Subband (6 PRBs per subband)

	PMI/CQI feedback periodicity
	10ms


	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB, CSI-RS overhead depends on the number of vertical sectors configured in a cell

	Wrapping  method
	Geographical distance based

	Handover margin
	3 dB


2.1.1 CSI-RS density
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