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1. Introduction

In this contribution, simulation assumption for mapping between CRS port and TXRU, i.e., CRS port virtualization will be discussed. In phase 2, if we consider TXRU virtualization model to exploit 3D MIMO, there might be several options for CRS port virtualization according to the TXRU virtualization model. In RAN1#79 meeting, CRS virtualization for phase 2 evaluation was discussed and following agreement was made [1]: 
· Companies can select their Phase 2 CRS virtualization method (needed for UE attachment) out of at least one of the following three options:

· Opt.1:  CRS port 0 associated to a single TXRU with weights [1,0,0,...,0] or [0,1,0,…,0] Note that CRS port 0 to TXRU mapping is ideal in this option.

· Opt.2:  CRS port 0 associated to all the TXRUs comprising a column with same pol with weights all one with power normalization
· Opt.3:  If other methods are considered, proponents should explicitly describe the methods used for evaluation.

In this contribution, we will investigate proper CRS virtualization for phase 2 evaluation when subarray partition TXRU virtualization model is considered.
2. CRS port virtualization modeling
In the following, we would like to discuss CRS port virtualization modeling when subarray partition TXRU virtualization is considered. For phase 2 evaluation, we could consider the case of multiple TXRUs per column, i.e., MTXRU is more than one where MTXRU is defined in [2]. Figure 1 shows an illustration for CRS virtualization followed by TXRU virtualization when MTXRU is more than one. When there are MTXRU TXRUs which are associated with antenna elements in the same column and the same polarization, CRS port virtualization can be modeled as a weighting vector, e.g., w = [w1 w2 … wMTXRU]T. 
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Figure 1. CRS port virtualization modeling

· Approach 1: Narrow vertical CRS beam

One possible option for CRS port virtualization is to use the same vertical beam pattern as phase 1 evaluation. For instance, the weight element for CRS port virtualization could be given by 
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Note that above option preserves same vertical CRS beam pattern regardless of the number of TXRUs per column, i.e., MTXRU, and the beam width is the narrowest among approaches we discuss in this contribution.
· Approach 2: Wide vertical CRS beam

Another possible option for CRS port virtualization is to use wider vertical beam than Approach 1. The simplest way is that CRS port is associated to only one TXRU, e.g., w = [1  0  …  0]T which is the option 1 in the agreement of RAN1#79 meeting and called Approach 2 hereinafter. Note that Approach 2 would have same beam pattern as CSI-RS if we assume one-to-one mapping between CSI-RS and TXRU. 
3. Simulation Results
3.1. Simulation results
The performance of wide vertical CRS beam width (Approach 2) is compared with the performance of narrow vertical CRS beam width (Approach 1). Simulation assumptions for the evaluation can be found in Appendix. Note that we assume one-to-one mapping between CSI-RS and TXRU. In Table 1 and Table 2, we show evaluation results when (M,N,P,Q)= (8, 2, 2, 8) where there are two vertical TXRUs, i.e., MTXRU = 2. Based on the evaluation results, we can easily find that performance with cell association based on narrow CRS vertical beam (Approach 1) is worse performance than that based on wide CRS vertical beam (Approach 2). In particular, 5% tile performance is more serious than average performance. 
Observation 1. When multiple TXRUs per column is considered, cell association with CRS port virtualization Approach 1, i.e., w = [1  0  …  0]T shows much worse 5% tile performance than cell association with CRS port virtualization Approach 2.
Table 1. Summary of evaluation results of 3D-UMi with 200m ISD and (M,N,P,Q)= (8, 2, 2, 8) (Traffic Model-1)
	Load level
	Approach
	Avg. UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)
	RU

	Low
	Narrow beam
	22.8 (95.63%)
	8.13 (73.37%)
	26.32 (96.71%)
	20.62%

	
	Wide beam
	23.8 (100%)
	11.08 (100%)
	27.21 (100%)
	17.79%

	Medium
	Narrow beam
	18.3 (90.81%)
	3.28 (50.78%)
	19.23 (89.42%)
	47.36%

	
	Wide beam
	20.2 (100%)
	6.46 (100%)
	21.51 (100%)
	35.11%

	High
	Narrow beam
	15.1 (80.86%)
	1.61 (32.05%)
	14.65 (76.19%)
	76.05%

	
	Wide beam
	18.7 (100%)
	5.01 (100%)
	19.23 (100%)
	43.33%


Table 2. Summary of evaluation results with (M,N,P,Q)= (8, 2, 2, 8) (Full Buffer)
	Approach
	3D-UMa with 500m ISD
	3D-UMi with 200m ISD

	
	Average (Mbps)
	5% tile (kbps)
	Average (Mbps)
	5% tile (kbps)

	Narrow beam
	34.12 (97.2%)
	689.4 (70.3%)
	37.88 (94.3%)
	1005.3 (54.8%)

	Wide beam
	35.10 (100.0%)
	980.5 (100.0%)
	35.72 (100.0%)
	551.2 (100.0%)


With subarray partition model, the number of antenna elements per TXRU is reduced and beam width of each TXRU becomes wider. Since data is transmitted through TXRUs, beam pattern for data transmission is also same as the beam pattern of TXRUs. Therefore, if UE attachment is based on Approach 1 which has much narrower beam width than beam width of TXRUs, it would cause beam pattern mismatch between cell association and data transmission. Specifically, the effect of scatters whose angular spread in vertical dimension is large could not be captured if UE attachment is based on narrow beam CRS and this might cause performance degradation. Therefore, it seems to be reasonable to use same or similar CRS beam pattern as TXRUs’ beam pattern. This option was already suggested as the option 1 in the agreement RAN1 #79 meeting.
Proposal 1. For CRS virtualization for phase 2 evaluation with subarray partition model, use the option 1 in the agreement of RAN1#79 meeting,  w = [1  0  …  0]T,  as a baseline.
Another aspect we should consider to use wider CRS beam is an impact on legacy system. In phase 1 evaluation as well as previous RAN1 discussions, 3dB beam width for vertical dimension was 10 degree. If we consider MTXRU>1 and above proposal, however, CRS beam width will become wider. The change of CRS beam could affect UEs who are supported by CRS ports based transmission modes or decoding performance of control channels which are based on CRS ports as well. Moreover, if we use only partial TXRUs for CRS transmission, it could decrease peak transmission power for CRS ports and this might cause worse CRS channel estimation performance though it could be manageable with boosting factors, i.e., ρA and ρB. One possible approach to provide proper cell association for FD-MIMO while preserving CRS beam pattern is to use CSI-RSRP based cell re-selection. When one-to-one mapping between CSI-RS port and TXRU is assumed, beam pattern of TXRU is the same as beam pattern of CSI-RS antenna port(s). In this sense, it seems to be reasonable to consider CSI-RSRP measurement procedure for better cell association in FD-MIMO systems.
4. Discussion and Conclusion

This contribution has discussed about mapping between CRS port and TXRU and has made the following observation and proposal.

Observation 1. When multiple TXRUs per column is considered, cell association with CRS port virtualization Approach 1, i.e., w = [1  0  …  0]T shows better performance than cell association with CRS port virtualization Approach 2.
Proposal 1. For CRS virtualization for phase 2 evaluation with subarray partition model, use the option 1 in the agreement of RAN1#79 meeting as a baseline.
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Appendix. Simulation Assumptions
	Parameters
	Value

	Homogeneous scenarios 
	3D-UMa ISD 500m, 3D-UMi ISD 200m

	Carrier frequency 
	2GHz 

	System BW 
	10MHz 

	BS antenna configuration 
	BS: X-pol (+/-45), 0.5λ for H,0.8λ for V

	TXRU virtualization 
	Subarray partition model 

	UE attachment 
	Based on RSRP from CRS#0 

	Traffic model 
	Traffic model-1 or Full buffer 

	Scheduler 
	PF, subband scheduling 

	Feedback 
	Ideal CSI feedback 

	Transmission scheme 
	Multi-user MIMO
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