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1. Introduction

In RAN#65, the SI on elevation beamforming (EB) and full-dimension (FD) MIMO [1] was approved, where the objectives for Phase 2 includes potential RS enhancements and codebook/feedback enhancements. One of important issues for this SI is which RS and how many RS ports would need to be measured by UE, when a large number of transmit antennas are implemented at the eNB side for EB or FD-MIMO operations, also discussed in [2] and [3]. This would depend on how much UE-dedicated beamforming gain in elevation domain is obtainable according to schemes exploiting the elevation domain such as using precoded CSI-RS or vertical-domain codebook.

In this contribution, we investigate the performance of UE-dedicated elevation beamforming under 8 TXRUs assumption, and compare it with cell-specific static elevation beamforming case. Note that, here, UE-dedicated elevation beamforming means UE-specific semi-static electrical tilting optimized for each serving UE without considering interference to its neighbor cells.
2. Discussions
· 2D-AAS antenna configuration and TXRU-to-RS mapping
In Figure 1, we consider the total 32 antenna elements for 2D-AAS, and assume 4 TXRUs are implemented for horizontal(H)-domain and 2 TXRUs are implemented for vertical(V)-domain. Note that TXRU to antenna elements mapping is depicted only for the first column antennas in the figure for simplicity, and it is applied for each column in the same way so that there are 4 TXRUs colored blue and 4 TXRUs colored red in total. 

There are several implementation ways to map TXRUs to RS ports. Here, as an example, we assume 4 TXRUs colored blue are utilized for CRS as well as CSI-RS, and 4 TXRUs colored red are utilized for DMRS and PDSCH. Because CRS and DMRS can be mapped to different vertical TXRUs, DMRS based PDSCH can be transmitted with different elevation beamforming from CRS, making it possible to apply UE-dedicated elevation beamforming in this considered scheme. Also, because CRS and CSI-RS are always transmitted in different OFDM symbols under current specification, CSI-RS can be transmitted with different elevation beamforming from CRS although CRS and CSI-RS are mapped to the same vertical TXRUs.
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Figure 1. An example of 2D-AAS antenna configuration.
· Two different schemes of elevation beamforming utilization
Figure 2 shows two different schemes of elevation beamforming utilization for data transmission. To be specific, in Figure 2 (a), the eNB uses a static elevation beamforming with the vertical angle of 100 degree, which is not optimized to each UE but known for a reasonable angle in 3D-UMa in an average sense, identified in the email discussion [78bis-18]. Accordingly, in this case the same fixed elevation beamforming is used for CRS, CSI-RS and DMRS, regardless of scheduled UE. 
On the other hand, in Figure 2 (b), the eNB uses UE-dedicated semi-static elevation beamforming, which means electrical tilting optimized for the scheduled UE without considering interference to its neighbor cells. To support such UE-dedicated elevation beamforming, eNB configures to its UE the horizontal CSI-RS ports on which the UE-dedicated elevation beamforming applies, and transmits DMRS and PDSCH with this elevation beamforming. For CRS determining cell association (unlike CSI-RS and DMRS), a separated fixed elevation beamforming with the vertical angle of 100 degree is used in this example case of 3D-UMa. Note regarding Figure 2 (b), we further discuss this UE-dedicated elevation beamforming case with applying a different CRS virtualization, denoted by Scheme 2a below.
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Figure 2. Two different schemes of elevation beamforming utilization
· Evaluation results
We evaluate and compare the UE throughput of cell-specific static elevation beamforming (Scheme 1) and UE-dedicated semi-static elevation beamforming (Scheme 2). Detailed evaluation assumptions can be found in the Appendix. The simulation results are captured in Table 1 and we have the following observation.
Table 1. Evaluation results
	
	Average UE throughput [kbps]
	5% UE throughput [kbps]
	50% UE  throughput [kbps]
	95% UE throughput [kbps]

	Scheme 1
	2122 (100%)
	498 (100%)
	1560 (100%)
	5212 (100%)

	Scheme 2
	2125 (100%)
	236 (47%)
	1493 (96%)
	5829 (112%)


Observation 1: Cell-edge UE performance is significantly degraded in UE-dedicated semi-static elevation beamforming case compared to cell-specific static elevation beamforming case, although moderate performance gain is observed for cell-center UEs.
The reason for the observation is that UE-dedicated semi-static elevation beamforming causes significant inter-cell interference when the beam angle is low (equivalently, directing higher position in vertical domain) even if it is optimized from the perspective of the serving UE. Therefore, we can conclude that it needs to be avoided to direct too higher position, due to larger amount of interference toward neighbouring cells in that case

Proposal 1: For UE-dedicated elevation beamforming, it needs to be avoided to direct too higher position due to larger amount of interference toward neighbouring cells in this case.

In both Scheme 1 and Scheme 2, CRS port 0 is virtualized over M (>1) vertical antenna elements so that cell association is done with fixed electrical tilt. It is working well in scheme 1 since PDSCH and CRS coverage matches each other with the same electrical tilt. However, when UE-dedicated vertical beamforming is used in Scheme 2, coverage of CRS beam may be different with the coverage of CSI-RS beam, which results in mismatch between CRS and PDSCH coverage. This may cause improper cell association especially to cell edge UEs in terms of data throughput and overall system performance degradation of Scheme 2.
Table 2. Evaluation results with Scheme 2a having different CRS virtualization.
	
	Average UE throughput [kbps]
	5% UE throughput [kbps]
	50% UE  throughput [kbps]
	95% UE throughput [kbps]

	Scheme 1
	2122 (100%)
	498 (100%)
	1560 (100%)
	5212 (100%)

	Scheme 2a 
	2227(104.9%)
	496(99.6%)
	1501(96.2%)
	5779(110.9%)


In Table 2, we compared the performance of Scheme 1 and Scheme 2a with different port 0 virtualization, in which port 0 is mapped to only one antenna element as discussed in [4]. Scheme 2a still has a coverage mismatch between CRS and PDSCH because we simply mapped port 0 to one antenna element here, but it shows better performance than Scheme 2 by improving cell association. In other words, if phase 1 CRS virtualization is used for FD-MIMO, it may cause improper cell association especially to cell edge UEs in terms of system performance, so that further study on phase 2 CRS virtualization is needed.
Observation 2: Cell association considering the PDSCH coverage to which vertical beamforming is applied can affect system performance significantly, especially for cell edge UEs.
Proposal 2: For Phase 2, it needs to consider the virtualization of CRS port 0 carefully to achieve associated EB/FD-MIMO potential gains.
3. Conclusion
In this contribution, we discuss and evaluate UE-dedicated elevation beamforming which is optimized for its serving UE without considering interference to its neighbor cells. By comparing to fixed elevation beamforming case, we see the following observation and draw up the proposal.
Observation 1: Cell-edge UE performance is significantly degraded in UE-dedicated semi-static elevation beamforming case compared to cell-specific static elevation beamforming case, although moderate performance gain is observed for cell-center UEs.

Observation 2: Cell association considering the PDSCH coverage to which vertical beamforming is applied can affect system performance significantly, especially for cell edge UEs.

Proposal 1: For UE-dedicated elevation beamforming, it needs to be avoided to direct too higher position due to larger amount of interference toward neighbouring cells in this case.
Proposal 2: For Phase 2, it needs to consider the virtualization of CRS port 0 carefully to achieve associated EB/FD-MIMO potential gains.
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Appendix A: Simulation Parameters and Assumptions
	Scenarios 
	3D-UMa with ISD = 500m in 2GHz

	BS antenna configurations 
	Antenna elements config: 8 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

	Number of UEs per cell
	10

	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 
	Full buffer

	Scheduler 
	Wideband scheduling (1 UE per TTI allocation)  

	Receiver 
	Ideal channel estimation and interference modeling. 

	
	LMMSE-IRC receiver 

	CSI-RS, CRS 
	CSI-RS 1-1 mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first column with +45 degree pol, CRS port 0 to TXRU mapping is given by [1, 0, 0, 0, 0, 0, 0, 0]

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback 
	PUCCH 1-1

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Rel-8 4Tx codebook

	Overhead
	3 symbols for DL CCHs, 4 CRS ports and DM-RS with 12 REs per PRB 

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

	Wrapping method
	Geographical distance based

	Handover margin
	0 dB 

	Metrics
	Average UE throughput, 5% UE throughput, 50% UE throughput, 95% UE throughput
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