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1. Introduction
The study item on elevation beamforming and FD-MIMO was approved in RAN#65[1]. In phase 2, the performance benefits of potential standard enhancement for FD-MIMO shall be evaluated. In RAN1#80 meeting, potential enhancements on CSI-RS and CSI feedback were discussed with the following agreements:
Agreements:
· “High level categories” (sections for the TR) agreed in principle:  
· Potential CSI-RS and feedback enhancements
· Enhancements related to beamformed CSI-RS-based schemes

· Enhancements related to non-precoded CSI-RS-based schemes

· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS

· Enhancements related to non-codebook based CSI reporting for TDD

· Enhancements related to SRS

In our companion contributions [2][3], the performance of FD-MIMO implemented by beamformed CSI-RS was evaluated for different number of TXRUs based on CSI-RSRP feedback as in Rel-12. It is observed that significant gain can be achieved with this scheme compared to Phase 1 setup. In this contribution, potential standard enhancement to CSI-RS beamforming for further performance enhancement is discussed with corresponding simulation results.
2. Discussion

With beamformed CSI-RS, the vertical beamforming is transparent to UEs and the CSI feedback mechanism in Rel-12 can be mostly reused. In this section, the potential standard enhancement for CSI-RS beamforming is discussed considering different CSI feedback mechanisms.
2.1. Enhancement to beam selection
For CSI-RS beamforming, eNB should first determine the candidate beams used in a cell and then select the beam(s) for each UE. It would be better if the target UE is located in the main lobe of the configured beam. To achieve this, certain information is needed at eNB. Generally, two methods can be used to acquire the information for the beam selection in eNB.

Reciprocity based beam selection

If channel reciprocity (short-term or long-term) is available, the UL CSI can be exploited for DL beam selection. In [4], the performance of channel reciprocity based vertical beam selection was provided. In TDD system, this mechanism can achieve most gain of CSI-RS beamforming if SRS resources are sufficient, while in FDD, there is some performance loss if the frequency separation is large (e.g. 200MHz at 2GHz carrier frequency). To ensure the performance of CSI-RS beamforming based FD-MIMO, two aspects should be further considered:
· SRS capacity enhancement to ensure the channel reciprocity
· UE feedback based beam selection to ensure the performance when reciprocity is unreliable
The latter aspect is even more pronounced when channel reciprocity is unavailable. Furthermore, reciprocity based scheme requires antenna calibration at eNB. If the antennas are not calibrated to enough accuracy, UE feedback based beam selection schemes shall be used.
RSRP based beam selection
RSRP report from UEs can also be exploited to select the beams for UEs. UE can report the RSRP measured on each configured beamformed CSI-RS to reflect the beamforming gain, and eNB can select the beams with best RSRP. Multiple non-zero power CSI-RS resources can be configured as discovery signal for RSRP measurement without any standard impact. The UE capability of DRS based RSRP measurement is limited in Rel-12, thus to select the beams in a larger range to achieve the beamforming gain (e.g. among 8 or more beams) CSI-RSRP should be extended to support measurement on more CSI-RS configurations. To reduce the reporting overhead, UE could only report one or multiple DRS index(es) for the DRS configuration(s) with highest RSRP instead of reporting all the RSRP. Also, it should also be studied whether discovery signal measurement on port 15 only is accurate enough to support beam selection. If significant performance gain is observed more antenna ports for RSRP measurement should also be considered. 
2.2. Enhancement on CSI feedback
Reciprocity or RSRP based beam selection can be exploited by eNB to determine the beams within a cell. Also, eNB can directly select one beam for each UE and then configure one beamformed CSI-RS for UE to report CSI. In this case, the beam updating of a UE needs the reconfiguration of the CSI-RS resource. To avoid frequent reconfiguration, CSI feedback based on multiple beamformed CSI-RS can be adopted so that the beam can be flexibly updated and the reconfiguration interval can be further increased.
With UE selected scheme, UE could be configured with multiple CSI-RS resources beamformed by different weights. Then UE would measure and select the beam(s) with largest vertical beamforming gain and reports the corresponding CSI. The beam selection could be implemented by UE via measurement of RSRP or CQI. By RSRP measurement, the complexity is lower and UE only measures the CSI on the CSI-RS resource with largest RSRP. For eNB to perform vertical beamforming, the index of the CSI-RS resource (or corresponding CSI process) corresponding to the reported CSI should also be reported to eNB. A new feedback mechanism should be standardized for UE to report only one of multiple configured CSI-RS resource and corresponding index. To further increase the flexibility of CSI feedback and ensure backward compatibility, the number of CSI-RS resources UE would report among all the configured CSI-RS resources can be configured by eNB. Then eNB can control UEs to report one or multiple CSI corresponding to different beams. 
Proposal: The following potential enhancement should be studied for beamformed CSI-RS based FD-MIMO:
· SRS capacity enhancement.
· Enhancement to DRS based RSRP measurement, including enhancement on the number of measured DRS configurations, DRS index(es) reporting and the number of DRS ports used for CSI-RSRP measurement.
· Introduction of new feedback mechanism for UE to report information of the selected beam(s) and corresponding CSI.
3. Evaluation

In this section, we evaluate the performance of enhanced CSI-RS beamforming scheme compared to the baseline scheme based on Rel-12 standard. For enhanced scheme, it is assumed that a beam index is reported by UE for the CSI-RS resource with highest RSRP among multiple resources, and the CSI is also measured and reported based on this CSI-RS configuration. The simulation assumption of enhanced scheme is the same as that in [3] except that the RSRP measurement for beam selection is based on all the CSI-RS ports and shorter latency for beam selection is assumed. It is assumed that the interference to CSIRS comes from the CSIRS transmission in neighboring cells. That is, the same CSIRS resources are reused among different cells. It is an ideal assumption and the inter-cell interference is significantly reduced compared to the case assuming interference from PDSCH. 
The results for sub-array TXRU mapping are shown in Table I-IV. Based on the evaluation on different number of beams, the performance with 8 beams (CSI-RS resources) in each cell is provided. It can be found from the results that with medium or high load FTP traffic or fullbuffer traffic, the enhancement scheme can achieve about 10% cell-edge gain . In other cases, the performance is similar for the two schemes. The gain comes from more accurate RSRP measurement and beam selection. It should be noted that the interference assumption is a little ideal in the simulation. If larger inter-cell interference is modeled with PDSCH interference modeling, the gain from accurate RSRP measurement would be more significant.
Table I: Performance of FD-MIMO, FTP traffic,
[image: image1.wmf]l

=2 
	Configuration
	schemes
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
	16TXRU
	baseline
	13.23 
	0.0%
	32.25 
	0.0%
	35.52 
	0.0%
	17.6%

	
	
	enhancement
	13.78 
	4.2%
	32.25 
	0.0%
	35.46 
	-0.2%
	18.1%

	
	32TXRU
	baseline
	14.57 
	0.0%
	35.12 
	0.0%
	36.46 
	0.0%
	17.3%

	
	
	enhancement
	14.80 
	1.5%
	35.21 
	0.3%
	36.64 
	0.5%
	17.1%

	
	64TXRU
	baseline
	14.91 
	0.0%
	37.25 
	0.0%
	37.09 
	0.0%
	16.6%

	
	
	enhancement
	15.60 
	4.6%
	37.50 
	0.7%
	37.33 
	0.6%
	16.8%

	3D-UMi
	16TXRU
	baseline
	14.53 
	0.0%
	39.33 
	0.0%
	37.51 
	0.0%
	17.2%

	
	
	enhancement
	14.76 
	1.6%
	39.82 
	1.2%
	37.87 
	0.9%
	16.6%

	
	32TXRU
	baseline
	16.63 
	0.0%
	43.72 
	0.0%
	39.63 
	0.0%
	15.5%

	
	
	enhancement
	16.80 
	1.0%
	44.18 
	1.1%
	39.78 
	0.4%
	15.2%

	
	64TXRU
	baseline
	17.43 
	0.0%
	45.43 
	0.0%
	40.42 
	0.0%
	14.7%

	
	
	enhancement
	17.59 
	0.9%
	46.08 
	1.4%
	40.78 
	0.9%
	14.5%

	3D-UMa200m
	16TXRU
	baseline
	14.39 
	0.0%
	35.44 
	0.0%
	36.45 
	0.0%
	17.3%

	
	
	enhancement
	14.15 
	-1.7%
	35.18 
	-0.7%
	36.38 
	-0.2%
	17.8%

	
	32TXRU
	baseline
	16.29 
	0.0%
	40.32 
	0.0%
	38.17 
	0.0%
	16.3%

	
	
	enhancement
	16.48 
	1.2%
	40.83 
	1.3%
	38.45 
	0.8%
	15.8%

	
	64TXRU
	baseline
	16.80 
	0.0%
	42.44 
	0.0%
	39.11 
	0.0%
	15.2%

	
	
	enhancement
	16.80 
	0.0%
	42.79 
	0.8%
	39.29 
	0.5%
	15.4%

	3D-UMi-3.5GHz
	16TXRU
	baseline
	13.43 
	0.0%
	37.50 
	0.0%
	37.04 
	0.0%
	17.5%

	
	
	enhancement
	13.27 
	-1.1%
	37.07 
	-1.1%
	36.89 
	-0.4%
	17.5%

	
	32TXRU
	baseline
	16.21 
	0.0%
	43.59 
	0.0%
	39.33 
	0.0%
	15.5%

	
	
	enhancement
	16.29 
	0.5%
	43.59 
	0.0%
	39.30 
	-0.1%
	15.7%

	
	64TXRU
	baseline
	16.97 
	0.0%
	44.80 
	0.0%
	40.13 
	0.0%
	15.1%

	
	
	enhancement
	17.43 
	2.7%
	45.43 
	1.4%
	40.41 
	0.7%
	14.8%


Table II: Performance of FD-MIMO, FTP traffic,
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=4
	Configuration
	schemes
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
	16TXRU
	baseline
	5.36 
	0.0%
	19.09 
	0.0%
	22.81 
	0.0%
	49.3%

	
	
	enhancement
	5.77 
	7.7%
	19.20 
	0.6%
	22.89 
	0.4%
	48.9%

	
	32TXRU
	baseline
	6.43 
	0.0%
	20.41 
	0.0%
	23.74 
	0.0%
	46.4%

	
	
	enhancement
	6.71 
	4.3%
	21.08 
	3.3%
	24.31 
	2.4%
	45.3%

	
	64TXRU
	baseline
	6.94 
	0.0%
	21.79 
	0.0%
	24.88 
	0.0%
	43.7%

	
	
	enhancement
	7.30 
	5.1%
	21.94 
	0.7%
	25.20 
	1.3%
	43.3%

	3D-UMi
	16TXRU
	baseline
	6.34 
	0.0%
	21.76 
	0.0%
	25.10 
	0.0%
	45.6%

	
	
	enhancement
	6.73 
	6.1%
	22.40 
	2.9%
	25.60 
	2.0%
	44.6%

	
	32TXRU
	baseline
	8.79 
	0.0%
	26.23 
	0.0%
	28.97 
	0.0%
	38.3%

	
	
	enhancement
	8.90 
	1.2%
	25.80 
	-1.6%
	28.80 
	-0.6%
	39.1%

	
	64TXRU
	baseline
	9.01 
	0.0%
	26.66 
	0.0%
	29.48 
	0.0%
	37.5%

	
	
	enhancement
	9.95 
	10.5%
	27.33 
	2.5%
	30.38 
	3.1%
	35.5%

	3D-UMa200m
	16TXRU
	baseline
	6.30 
	0.0%
	20.54 
	0.0%
	23.62 
	0.0%
	47.3%

	
	
	enhancement
	6.85 
	8.8%
	21.08 
	2.6%
	24.34 
	3.1%
	45.1%

	
	32TXRU
	baseline
	7.85 
	0.0%
	23.54 
	0.0%
	26.30 
	0.0%
	41.4%

	
	
	enhancement
	8.19 
	4.3%
	23.72 
	0.7%
	26.48 
	0.7%
	41.4%

	
	64TXRU
	baseline
	8.62 
	0.0%
	24.56 
	0.0%
	27.27 
	0.0%
	39.9%

	
	
	enhancement
	9.19 
	6.6%
	25.20 
	2.6%
	27.67 
	1.5%
	38.6%

	3D-UMi-3.5GHz
	16TXRU
	baseline
	6.23 
	0.0%
	21.65 
	0.0%
	25.08 
	0.0%
	46.1%

	
	
	enhancement
	6.69 
	7.4%
	22.40 
	3.5%
	25.67 
	2.4%
	44.1%

	
	32TXRU
	baseline
	8.65 
	0.0%
	25.80 
	0.0%
	28.75 
	0.0%
	38.7%

	
	
	enhancement
	8.58 
	-0.8%
	25.20 
	-2.3%
	28.30 
	-1.6%
	39.3%

	
	64TXRU
	baseline
	8.96 
	0.0%
	26.44 
	0.0%
	29.27 
	0.0%
	38.0%

	
	
	enhancement
	9.62 
	7.4%
	26.66 
	0.8%
	29.69 
	1.4%
	37.0%


Table III: Performance of FD-MIMO, FTP traffic, 
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= 5
	Configuration
	schemes
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
	16TXRU
	baseline
	3.48 
	0.0%
	13.27 
	0.0%
	17.27 
	0.0%
	67.1%

	
	
	enhancement
	3.56 
	2.1%
	13.67 
	3.0%
	17.67 
	2.4%
	65.9%

	
	32TXRU
	baseline
	3.97 
	0.0%
	14.59 
	0.0%
	18.41 
	0.0%
	62.7%

	
	
	enhancement
	4.14 
	4.4%
	15.07 
	3.3%
	18.87 
	2.5%
	62.4%

	
	64TXRU
	baseline
	4.31 
	0.0%
	15.18 
	0.0%
	19.06 
	0.0%
	61.6%

	
	
	enhancement
	4.69 
	8.9%
	15.99 
	5.4%
	19.77 
	3.7%
	59.4%

	3D-UMi
	16TXRU
	baseline
	4.10 
	0.0%
	16.21 
	0.0%
	19.98 
	0.0%
	62.2%

	
	
	enhancement
	4.34 
	5.9%
	16.21 
	0.0%
	20.28 
	1.5%
	61.8%

	
	32TXRU
	baseline
	6.16 
	0.0%
	20.29 
	0.0%
	23.91 
	0.0%
	52.5%

	
	
	enhancement
	6.15 
	0.0%
	20.29 
	0.0%
	23.71 
	-0.8%
	53.5%

	
	64TXRU
	baseline
	6.90 
	0.0%
	21.94 
	0.0%
	25.33 
	0.0%
	49.7%

	
	
	enhancement
	6.92 
	0.2%
	21.79 
	-0.7%
	25.23 
	-0.4%
	49.4%

	3D-UMa200m
	16TXRU
	baseline
	3.86 
	0.0%
	14.40 
	0.0%
	17.76 
	0.0%
	64.8%

	
	
	enhancement
	4.20 
	8.7%
	15.14 
	5.2%
	18.65 
	5.0%
	62.1%

	
	32TXRU
	baseline
	5.47 
	0.0%
	17.63 
	0.0%
	20.83 
	0.0%
	56.8%

	
	
	enhancement
	5.66 
	3.5%
	17.82 
	1.1%
	21.14 
	1.5%
	56.8%

	
	64TXRU
	baseline
	6.13 
	0.0%
	18.97 
	0.0%
	22.15 
	0.0%
	53.9%

	
	
	enhancement
	6.51 
	6.3%
	19.43 
	2.4%
	22.48 
	1.5%
	52.5%

	3D-UMi-3.5 GHz
	16TXRU
	baseline
	4.07 
	0.0%
	15.14 
	0.0%
	19.12 
	0.0%
	63.2%

	
	
	enhancement
	4.36 
	7.2%
	16.05 
	6.0%
	20.04 
	4.8%
	60.6%

	
	32TXRU
	baseline
	5.94 
	0.0%
	19.91 
	0.0%
	23.34 
	0.0%
	53.1%

	
	
	enhancement
	6.29 
	5.8%
	20.16 
	1.3%
	23.90 
	2.4%
	52.5%

	
	64TXRU
	baseline
	6.79 
	0.0%
	21.79 
	0.0%
	25.03 
	0.0%
	49.4%

	
	
	enhancement
	7.05 
	3.8%
	21.94 
	0.7%
	25.37 
	1.4%
	48.8%


Table IV: Performance of FD MIMO, full buffer traffic
	Configuration
	schemes
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	3D-UMa
	16TXRU
	baseline
	0.068 
	0.0%
	3.55 
	0.0%

	
	
	enhancement
	0.071 
	4.7%
	3.64 
	2.6%

	
	32TXRU
	baseline
	0.076 
	0.0%
	3.92 
	0.0%

	
	
	enhancement
	0.081 
	6.2%
	4.02 
	2.7%

	
	64TXRU
	baseline
	0.079 
	0.0%
	4.01 
	0.0%

	
	
	enhancement
	0.081 
	3.7%
	4.10 
	2.2%

	3D-UMi
	16TXRU
	baseline
	0.064 
	0.0%
	3.64 
	0.0%

	
	
	enhancement
	0.071 
	12.4%
	3.76 
	3.3%

	
	32TXRU
	baseline
	0.086 
	0.0%
	4.39 
	0.0%

	
	
	enhancement
	0.095 
	10.6%
	4.58 
	4.4%

	
	64TXRU
	baseline
	0.094 
	0.0%
	4.67 
	0.0%

	
	
	enhancement
	0.101 
	7.1%
	4.86 
	4.1%

	3D-UMa200m
	16TXRU
	baseline
	0.061 
	0.0%
	3.53 
	0.0%

	
	
	enhancement
	0.067 
	10.6%
	3.67 
	4.1%

	
	32TXRU
	baseline
	0.077 
	0.0%
	4.26 
	0.0%

	
	
	enhancement
	0.086 
	11.3%
	4.44 
	4.1%

	
	64TXRU
	baseline
	0.087 
	0.0%
	4.47 
	0.0%

	
	
	enhancement
	0.092 
	6.1%
	4.63 
	3.5%

	3D-UMi-3.5 GHz
	16TXRU
	baseline
	0.068 
	0.0%
	3.61 
	0.0%

	
	
	enhancement
	0.074 
	8.9%
	3.74 
	3.4%

	
	32TXRU
	baseline
	0.087 
	0.0%
	4.31 
	0.0%

	
	
	enhancement
	0.097 
	10.7%
	4.51 
	4.6%

	
	64TXRU
	baseline
	0.096 
	0.0%
	4.56 
	0.0%

	
	
	enhancement
	0.104 
	8.8%
	4.74 
	4.1%


4. Conclusion

In this contribution, we discussed potential standardization enhancement for CSI-RS beamforming to support UE feedback based beam selection and reciprocity based beam selection. To fully achieve the gain of CSI-RS beamforming especially in scenarios without channel reciprocity, some standard enhancement should be considered in Rel-13. Our proposal is:
Proposal: The following potential enhancement should be studied for beamformed CSI-RS based FD-MIMO:
· SRS capacity enhancement.
· Enhancement to DRS based RSRP measurement, including enhancement on the number of measured DRS configurations, DRS index(es) reporting and the number of DRS ports used for CSI-RSRP measurement.
· Introduction of new feedback mechanism for UE to report information of the selected beam(s) and corresponding CSI.
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6. Appendix

Table A1: Evaluation assumptions
	Parameter
	Value

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

Vertical: 8 elements, 0. 8
[image: image4.wmf]l

space

	Scenario
	3D-Uma with 500m ISD, 3D-UMi with 200m ISD, and 3D-Uma with 200mISD, 3D-UMi with 3.5G frequency

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz, 3.5GHz

	UEs per cell
	10 for full buffer

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

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer, FTP model 1

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	Realistic interference modeling  (The interference to CSIRS comes from CSIRS in neighboring cells)

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

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

	PMI/CQI feedback periodicity
	10ms

	RI feedback periodicity
	120ms

	Beam selection periodicity
	480ms for baseline

120ms for enhancement

	CSI-RS port for RSRP measurement
	1 for baseline

8 for enhancement

	Number of vertical beams within a cell
	8 for sub-array TXRU mapping

2/4/8 for fully-connected TXRU mapping for 16/32/64 TXRU

	Transmission scheme
	SU/MU dynamic switching, maximum 8 UEs for MU 

	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 CSI-RS beams configured in a cell

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB
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