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1. Introduction

The approved WID [1] includes enhancement on beamformed CSI-RS and CSI reporting, which is one of major work scope for the EBF/FD-MIMO WI.  Regarding beamformed CSI-RS enhancements, identified approaches for allocating beamformed CSI-RS resource(s) are captured in TR36.897 [2]:
-
Approach 1, UE-specific beamforming on configured CSI-RS resource: In this approach, a serving eNB may dynamically change the beamforming weights applied on a NZP CSI-RS resource configured to a UE. To ensure that the UE resets the start time of a CSI measurement window when beamforming change occurs, the UE may explicitly or implicitly receive an indication from the eNB. Alternatively, the UE may be configured to always limit its NZP CSI-RS measurement window (e.g. to 1 subframe). An interference measurement window may also be used for CSI-IM measurements. Measurement resource restriction, for either or both of CSI-IM and CSI-RS, may apply in the frequency domain as well. 
-
Approach 2, CSI-RS resource change for channel measurement: In this approach, a UE is configured with M(>1) NZP CSI-RS resources. From those M resources, the eNB selects N (>=1) resource(s) for a CSI process and signals the selected resources to the UE. Alternatively, UE reports N selected CSI-RS resource indices out of M configured CSI-RS resources. 
-
Approach 3, Aperiodic beamformed CSI-RS: In this approach, a UE is configured with a CSI process on which the actual NZP CSI-RS transmission and CSI-IM measurement instances are controlled by eNB and signaled to the UE.  The measurement window can be configured by higher-layer signaling.

In this contribution, differentiating features and potential specification impacts for each approach are discussed in Section 2, followed by evaluation and comparison results among the approaches in Section 3.
2. Discussion and specification impacts

2.1. Approach 1: Dedicated CSI-RS resource per UE
Approach 1 considers UE-dedicated beamformed CSI-RS resource allocation for each UE in a cell. Specifically, whenever a UE moves from RRC-idle state to RRC-connected state, the UE is to be configured with a new dedicated CSI-RS resource which is not currently configured to and measured by the other UEs in the cell. Therefore, a demerit of this approach would be that CSI-RS overhead will be linearly increased as the number of active UEs in a cell increases. On the other hand, the merit of this approach is that the serving eNB can dynamically change the beamforming weights applied on the dedicated CSI-RS resource configured to a UE, so that the beamforming weights can be determined by the eNB with unlimited beamforming resolution and granularity as long as the eNB can properly obtain the corresponding channel information to be used for determining the weights.

Figure 1 shows an illustration of operations based on Approach 1, where there are two UEs who are already in RRC-connected mode, each configured with the corresponding dedicated CSI-RS resource 1 and 2.  UE 3 moves from RRC-idle state to RRC-connected state, so that UE 3 is now configured with a new CSI-RS resource 3 which is not overlapped with any configured CSI-RS resources in the cell. The serving eNB can channel-adaptively vary the beamforming weights applied on each CSI-RS resource as the corresponding UE moves to a different direction.
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Figure 1. An illustration of Approach 1 – allocating dedicated CSI-RS resource per UE.

To ensure that the UE resets the start time of a CSI measurement window when beamforming change occurs, the UE may explicitly or implicitly receive an indication from the eNB.  This is due to the fact that the change of beamforming weights will affect the CSI calculation on the beamformed CSI-RS resource depending on the implementation-specific measurement window used by UE. Therefore, the UE needs to know whether the applied beam direction is changed so as to properly set or reset CSI measurement window for CSI derivation, although the UE does not have to know the exact beam direction applied to the beamformed CSI-RS

Overall, Approach 1 seems beneficial when the number of active UEs in a cell is very small, since the required number of such UE-dedicated CSI-RS resources for Approach 1 is linearly increasing according to the number of active UEs. Or, the method may be useful when the network targets to get benefits from so called UE-centric operation with purely UE-dedicated beamformed CSI-RS resource configured per UE.

In addition, as illustrated in Figure 1, if a new UE 3 moves to RRC-connected state with being configured with a new dedicated CSI-RS resource 3, this new CSI-RS resource is now required to be rate matched by the other existing UEs in the cell. Therefore, relatively more frequent RRC reconfiguration on ZP CSI-RS configurations can occur to the existing active UEs, compared with conventional approach employing cell-specific CSI-RS transmissions.
Observation 1: Approach 1 can be beneficial when the number of active UEs in a cell is very small, since the required number of UE-dedicated CSI-RS resources is linearly increasing according to the number of active UEs.
Proposal 1: An explicit beam change indication from eNB for the UE to reset the start time of a CSI measurement window needs to be supported for Approach 1.
2.2. Approach 2: Selection among multiple configured CSI-RS resources
In Approach 2, a UE is configured with M(>1) NZP CSI-RS resources, each applied with different beamforming weights. Out of the M configured CSI-RS resources for the UE, there can be two further different approaches in order to down-select N CSI-RS resources to be used for CSI measurement within the CSI process:

· Approach 2-1: From those M resources, the eNB selects N (>=1) resource(s) for a CSI process and signals the selected resources to the UE.
· This eNB indication can be L1 or L2 signaling so as to avoid RRC reconfiguration of CSI-RS resources, i.e., RRC reconfiguration only occurs when the candidate M resources need to be changed.

· This eNB indication may occur in relatively longer periodicity, where eNB may perform such down-selection of N resources, based on UE’s CSI-RSRP reports, channel reciprocity, or hybrid schemes using low-duty-cycle non-precoded CSI-RS.

· Approach 2-2: From those M resources, the UE reports N selected CSI-RS resource indices.
· This UE indication is accommodated in corresponding CSI reporting, e.g., by resource index(es) feedback or selection codebook. So, in the same way, RRC reconfiguration only occurs when the candidate M resources need to be changed.

· This UE indication may be accommodated in short-term feedback component.

Figure 2 shows an illustration of operations based on Approach 2, where M=4 candidate CSI-RS resources are configured to multiple UEs in a cell and N=1 selected beamformed CSI-RS resource is actually used by CSI derivation within the CSI process.
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Figure 2. An illustration of Approach 2 – Selection among multiple configured CSI-RS resources.

In general, a cell may predetermine candidate multiple (e.g., M = 2, 4, or 8) beamformed CSI-RS resources, since within the cell coverage there can be many UEs preferring different vertical beams. In this case, a UE may be indicated to measure N=1 CSI-RS out of the whole candidate M beamformed CSI-RS resources. If the preferable N CSI-RS resource out of M candidate beamformed resources is found to be changed based on UE’s CSI-RSRP reports, and so on, it needs to be possible to inform the UE of valid CSI-RS resource change for CSI measurement within the CSI process, as in Approach 2-1.
Proposal 2: It needs to be supported for Approach 2 to inform the UE of N valid CSI-RS resource for CSI measurement out of pre-configured M CSI-RS resources.
2.3. Approach 3: Aperiodic beamformed CSI-RS transmission
Another approach to support channel measurement for FD-MIMO is introducing aperiodic CSI-RS transmission. Contrary to the current periodic NZP CSI-RS transmission, Approach 3 involves NZP CSI-RS transmission which is not periodic-base. This aperiodic CSI-RS can be transmitted only when required, so that it results in CSI-RS overhead reduction.

There can be an indication in a CSI process configuration that the associated NZP CSI-RS resource within the CSI process is regarded as a candidate resource pool dedicated only for such aperiodic CSI-RS transmission usages. Within the pre-configured resource pool, actual aperiodic CSI-RS transmission may or may not occur at every candidate transmission instance. Such resource pool can be shared among multiple UEs in a cell (so that we can also call Approach 3 as “CSI-RS resource pooling”), and actual aperiodic CSI-RS transmissions may occur in a TDM manner on the candidate resources. Regarding how UE can recognize an actual aperiodic CSI-RS transmission instance, aperiodic CSI request in UL-related DCI can be an implicit indication for the UE to measure the latest candidate instance on or before the reference resource associated to the triggered aperiodic CSI request.

Proposal 3: Aperiodic CSI request in UL-related DCI is used for an implicit indication for the UE to recognize the actual aperiodic beamformed CSI-RS transmission instance.
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Figure 3. An illustration of Approach 3 – Aperiodic beamformed CSI-RS transmission.
Figure 3 shows an illustration of Approach 3, where network may set up beamformed CSI-RS configuration (e.g., 5 ms periodicity) with multiple virtualization matrices (e.g., Bi for i=1,2,...,K).  In subframe #4 in the 2nd radio frame, for example, network may trigger a UE to perform aperiodic CSI reporting, then the UE will measure the aperiodic CSI-RS (applied with beamforming matrix B1 by eNB implementation) transmitted on that subframe, provided that the reference resource is the same subframe #4.
If the UE is triggered to report multiple aperiodic CSI feedbacks in multiple subframes, each associated with different virtualization matrix Bi on the CSI-RS, the eNB can also determine a proper beam direction for the UE based on the reported CSI feedbacks. Such aperiodic CSI-RS transmission with a single CSI-RS configuration would enable the network to handle the traffic load adaptively with dynamic alterations of virtualization matrices.
Alternatively, resources for aperiodic CSI-RSs may be pooled with other channel or signal, such as PDSCH. Since the candidate aperiodic CSI-RS resource pool is configured in a PDSCH region, it can be reused for PDSCH transmissions when aperiodic CSI-RS is not actually transmitted on particular instances. As mentioned above, an indicator needs to be signaled to UE in order to inform the UE of whether the aperiodic CSI-RS is transmitted at the resource or not, and an aperiodic CSI request in UL-related DCI can be the implicit indication for that purpose. In order to reuse the unused CSI-RS REs to PDSCH REs when there is no indication of actual aperiodic CSI-RS transmissions, dynamic ZP-CSI-RS configurations have to be given for proper PDSCH rate matching, which may be regarded as one reason for introducing a new DCI format with a new TM supporting EBF/FD-MIMO as discussed in another companion contribution [3].
Proposal 4: Dynamic ZP CSI-RS indications need to be supported for beamformed CSI-RS based schemes for obtaining significant performance gains by CSI-RS overhead saving.
3. Evaluation results and comparison

In the following, we provide evaluation results for comparison among the approaches mentioned above. Antenna configuration of (4, 2, 2, 16) and 4 candidate vertical beam directions in a cell-specific perspective is considered. Note that vertical rank is restricted to 1 for all cases.

For each case of Approaches 1, 2, and 3, NZP CSI-RS overhead per site (consisting of 3 sectors) is calculated as
· Number of horizontal antenna ports (which is 4 based on the assumed antenna configuration) multiplied by the total number of actually transmitted beamformed CSI-RS resources in the site (depending on each approach).
Table 1 summarizes the number of REs for NZP and ZP CSI-RSs per site as well as resulting average CSI-RS overhead (in the unit of REs/RB/subframe) used in the simulations for each approach, where we assume intra-site 3 cell reuse factor for NZP and ZP CSI-RS allocations. It is assumed CSI-RS transmission periodicity is 5ms.
X in Table 1 is the number of active UEs per site for Approach 1, where X UE-dedicated CSI-RS resources are needed. For Approach 2, we applied cell-specifically fixed 4 beamformed CSI-RS resource overhead regardless of the number of active UEs. For Approach 3, one CSI-RS resource is configured for aperiodic CSI-RS with 5ms period for a site, and is shared among multiple UEs in the site. That is, when multiple of UEs are attached to a site, the possible aperiodic CSI-RS transmission period per UE is also increased, resulting in the degradation of channel estimation performance. Therefore, for Approach 3, CSI-RS overhead is only the 4 REs per RB.
Table 1: CSI-RS overhead assumptions for simulation
	
	Approach 1
	Approach 2
	Approach 3

	# of REs for NZP and ZP CSI-RSs
	4·X
	4·4·3
	4

	average CSI-RS overhead (REs/RB/subframe)
	0.8·X
	9.6
	0.8


Table 2: Non-full buffer simulation results for Approaches 1, 2, and 3 in 3D-UMi scenario
	
	Mean UE Throughput (bps/Hz)
	Mean UE Throughput Gain
	5% UE Throughput (bps/Hz)
	5% UE Throughput Gain
	50% UE Throughput (bps/Hz)
	Resource Utilization
	FTP load, λ (UEs/s/sector)

	Approach 2-1
	3.510 
	-
	1.130 
	-
	3.571 
	0.18
	1.5

	Approach 2-2
	3.560 
	1.4%
	1.146 
	1.4%
	3.636 
	0.18
	

	Approach 1
	3.917 
	11.6%
	1.312 
	16.1%
	4.082 
	0.16
	

	Approach 3
	3.863 
	10.1%
	1.286 
	13.8%
	3.960 
	0.17
	

	Approach 2-1
	2.338 
	-
	0.412 
	-
	1.869 
	0.44
	2.5

	Approach 2-2
	2.397 
	2.5%
	0.454 
	10.1%
	1.951 
	0.39
	

	Approach 1
	2.750 
	17.6%
	0.567 
	37.6%
	2.312 
	0.46
	

	Approach 3
	2.675 
	14.4%
	0.531 
	28.8%
	2.235 
	0.41
	

	Approach 2-1
	1.519 
	-
	0.126 
	-
	0.926 
	0.74
	3.5

	Approach 2-2
	1.564 
	3.0%
	0.137 
	9.2%
	0.978 
	0.71
	

	Approach 1
	1.709 
	12.5%
	0.150 
	19.7%
	1.124 
	0.76
	

	Approach 3
	1.767 
	16.3%
	0.166 
	32.0%
	1.163 
	0.71
	


In Table 2, evaluation results are shown for comparison among Approaches 1, 2, and 3. As shown in the table, Approach 2-1 shows the lowest performance due to the fixed and largest CSI-RS overhead in the simulations (as summarized in Table 1), so that we represent throughput gains for other approaches compared to the performance of Approach 2-1 as reference.
Approach 2-2 shows slightly improved performance than Approach 2-1 due to UE’s dynamic selection of N CSI-RS resources out of M candidate CSI-RS resources as explained before.

Approaches 1 and 3 show significantly improved performance than Approaches 2-1 and 2-2, indicating that controlled CSI-RS overhead by aperiodic CSI-RS transmissions can result in considerable benefits in EBF/FD-MIMO.
Note for Approach 1, latency issues on RRC reconfiguration of ZP CSI-RS configurations when new UEs are attached to the site as mentioned above is not considered in the simulations, so that the performance results may be degraded if we consider this aspect.

Approach 3 shows improved performance than Approach 1 for high RU case. In the aperiodic beamformed CSI-RS transmission cases, UEs’ preferable vertical beams are grouped and the aperiodic CSI-RS resource is allocated according to the grouped vertical beam. Therefore, less resources are used for CSI-RS transmissions for Approach 3 compared to Approach 1, resulting in the increased overall performance. This trend becomes significant when the number of active UEs is increasing, such that the highest performance gain is shown for Approach 3 especially for the high RU case.
For further investigations, it is expected that the performance of Approach 2-1 can be much improved, when dynamic ZP CSI-RS indications for reusing unused CSI-RS resources are supported for CSI-RS overhead saving. However, Approach 2-2 cannot get benefits from the dynamic ZP CSI-RS indications, if applicable, because UE needs to dynamically select N resources so that the UE always needs to measure all the candidate M CSI-RS resources.

4. Conclusion
In this contribution, we discussed beamformed CSI-RS related enhancements on the identified approaches for supporting EBF/FD-MIMO. The observation and proposals based on the discussion are given as follow:
Observation 1: Approach 1 can be beneficial when the number of active UEs in a cell is very small, since the required number of UE-dedicated CSI-RS resources is linearly increasing according to the number of active UEs.
Proposal 1: An explicit beam change indication from eNB for the UE to reset the start time of a CSI measurement window needs to be supported for Approach 1.
Proposal 2: It needs to be supported for Approach 2 to inform the UE of N valid CSI-RS resource for CSI measurement out of pre-configured M CSI-RS resources.
Proposal 3: Aperiodic CSI request in UL-related DCI is used for an implicit indication for the UE to recognize the actual aperiodic beamformed CSI-RS transmission instance.

Proposal 4: Dynamic ZP CSI-RS indications need to be supported for beamformed CSI-RS based schemes for obtaining significant performance gains by CSI-RS overhead saving.
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 Annex A: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMi with ISD = 200m in 2GHz

	BS antenna configurations 
	Antenna elements config: 4 x 2 x 2 (+/-45), 0.5λ horizontal / 0.8 λ vertical antenna spacing

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Duplex
	FDD

	Network synchronization
	Synchronized

	UE distribution 
	Follows TR36.873

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from TR36.873 

	UE array orientation 
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU, medium ~50% RU, high ~70%RU) [7]

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	CSI-RS, CRS 
	CSI-RS port is mapped to all TXRUs corresponding to one column of co-polarized antenna elements, CRS port 0 is associated with the first column with +45 degree pol, and CRS port 0 is mapped to the first TXRU.

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms

	
	Feedback delay is 5 ms 

	
	Rel-8 4Tx codebook for horizontal PMI feedback

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB. CSI-RS overhead is described in Table 1.

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Average UE throughput, 5% UE throughput, 50% UE throughput.
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