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1 Introduction

In previous RAN4 meetings, the issue for RSRP measurement for cell selection or handover (HO) performance was discussed [1][2][3], and there are two solutions:

· Scheme1: RSRP measurement from only transmit antenna port 0 (R0)

· Scheme2: RSRP measurement from both transmit antenna port 0 (R0) and port 1 (R1)
In the previous contributions [1][2][3], the co-located antenna system is mainly analyzed. As mentioned in [4][5][6], multiple antennas can be distributed, and such deployment is of great importance for certain scenarios. 
In this contribution, we investigate the performance for both schemes in distributed antenna network with 2 or 4 transmit antenna ports. Due to the fact that Scheme 1 is easier to make improper handover decision than Scheme 2, its coverage does not match to the expected coverage, and further signal quality and throughput are brought lower. The simulation results indicate that:

· The coverage with Scheme 2 matches to the expected coverage very well, while Scheme 1 can cause improper cell selection or handover and thus unexpected coverage. 
· The receiving signal power is higher with Scheme 2 than that with Scheme 1 (the difference can achieve 4dB for 4 antenna ports deployment).
· Scheme 2 outperforms Scheme 1 in throughput especially for cell-edge UEs. About 140% improvement can be obtained with Scheme 2 than Scheme 1 for 4 antenna ports deployment.
Based on the analysis and simulation results, the definition of RSRP in spec 36.214 should be modified to support using all detectable cell-specific reference signals (RS) for RSRP measurement. 
2 Application scenarios

Network deployments with multiple antennas may be co-located or distributed. The impact of adopting Scheme1 or Scheme2 for cell selection and handover performance should be considered for both network deployments. While the loss of diversity gain for Scheme 1 can be compensated by a reasonable parameter setting for co-located antenna networks, such method can not take effect for distributed antenna networks.
2.1 Impact for co-located antenna network
As described in [1][2], utilizing antenna ports R0+R1 for RSRP measurement can benefit cell selection and handover especially for low speed UE. Scheme 2 performs better than or the same as Scheme 1.
2.2 Impact for distributed antenna network

As mentioned in [4][5][6], the distributed antenna cell is an important cell deployment scheme for the operators, which is already used in UMTS/W-CDMA to reduce the handover occasion. In the distributed antenna cell, different antennas are geographically separated. The signals separately transmitted from different antennas would make different coverage, which brings great impact to RSRP/RSRQ measurement.

As showed in Figure 1, if the RSRP/RSRQ measurement is only based on R0 (Scheme 1), the UE1 in the R1 coverage area could not detect antenna port 0. UE1 would suffer radio link failure or result in improper handover to other neighbour cells, which may bring interference to current cell. In another case, the UE2 is at the edge of R0 coverage; due to the low receiving signal power from antenna port 0, the RSRP/RSRQ result measured on the R0 would not trigger measurement report, even though UE2 is quite near antenna port 1; hence some measurement reports are missed.
In conclusion, the Scheme 1 has the following constraint:

· Worse link quality, especially for cell-edge UEs

· Improper handover

· Higher interference, especially for cell-edge UEs
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Figure 1 Coverage area in distributed antennas cell
3 Evaluation
In this section, detailed information for the simulation is given. The simulation in the contribution focuses on cell selection performance in the distributed antenna cell. Both 2 and 4 transmit antenna ports per cell are considered.
3.1 Simulation scenario
In reality, there are a varity of the deployment scenarios for distributed antenna network, e.g., dependant on geographical condition, nearby buildings etc. For simplicity, we consider the scenario as shown in Figure 2 for evaluation. Similar evaluation results are expected in most other distributed scenarios and consequently the conclusions can be also valid.
There are 19 cells in the scenario, each cell contains 3 sectors, and each sector is equipped with 2/4 distributed antenna ports (an example with 4 antenna ports is shown in the figure). Unlike the co-located antenna deployment, all the transmit antennas in one sector are laid far away from each other (the antenna spacing is hundreds of wavelength). The number of transmit antenna ports per sector is either 2 or 4. In this contribution, reporting the maximum value of all detectable antenna ports’ receiving power as RSRP is considered
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Figure 2 Simulation scenario
3.2 Coverage
Coverage with Scheme 1 (RSRP detected from antenna port 0) and Scheme 2(RSRP detected from all detectable antenna ports) are given. Figure 4 & Figure 5 show the coverage for deployment with 2 distributed antenna ports, and Figure 7 & Figure 8 show the coverage for deployment with 4 distributed antenna ports. The green lines are the boundaries for PDCCH coverage between sectors, which are obtained from Figure 3 and Figure 6 for deployments with 2/4 distributed antenna ports, respectively. (The system determines the cell and the sector with the best receiving quality to transmit PDCCH for each UE.) Note that due to randomicity brought by shadow fading, the coverage is not strictly hexagonal.
For Scheme 1, some UEs at the cell-edge reports RSRP for handover in advance (because they are near R0 from adjacent cell but far away from R0 from its current cell), although they geographically still belongs to its current cell. Hence the coverage biases with the expected PDCCH coverage. Improper handover can bring large interference and thus low throughput especially for cell-edge UEs. The problem is more serious when 4 antenna ports are deployed.

For Scheme 2, RSRP is reported when UE is far from all ports from current cell. Hence the coverage with Scheme 2 matches to the expected coverage very well. 
Conclusion:

· The coverage with Scheme 2 matches to the expected coverage very well, while Scheme 1 can cause improper cell selection or handover and thus unexpected coverage. 
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Figure 3 PDCCH coverage (2 antenna ports)
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Figure 4 Coverage with RSRP detected from antenna port 0 (2 antenna ports)
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Figure 5 Coverage with RSRP detected from all detectable antenna ports (2 antenna ports)
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Figure 6 PDCCH coverage (4 antenna ports)
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Figure 7 Coverage with RSRP detected from antenna port 0 (4 antenna ports)
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Figure 8 Coverage with RSRP detected from all detectable antenna ports (4 antenna ports)

3.3 Receiving signal power
The receiving signal power for Scheme 1 and Scheme 2 is investigated. CDF of receiving signal power for cell-edge UEs are shown in Figure 7 and Figure 8 for deployment with 2 and 4 antenna ports, respectively.
For Scheme 1, since some cell-edge UEs handover in advance, their receiving power is lower than that with Scheme 2. Scheme 2 can improve the receiving signal power over Scheme 1. The improvement is larger for the scenario with 4 antenna ports than that with 2 antenna ports, and the improvement can achieve 4dB.

Conclusion:

· The receiving signal power is higher with Scheme 2 than that with Scheme 1 (the difference can achieve 4dB for 4 antenna ports deployment).
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Figure 9 CDF of receiving signal power for cell-edge UEs (2 antenna ports)
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Figure 10 CDF of receiving signal power for cell-edge UEs (4 antenna ports)
3.4 Throughput

The throughput improvement for Scheme 2 over Scheme 1 is investigated. The results are shown in Table 1 and Table 2 for deployment with 2 and 4 antenna ports, respectively. The improvements for cell-edge UEs and all UEs are included.

The throughput with Scheme 2 is higher than that with Scheme 1, especially for cell-edge UEs. More improvement can be obtained when 4 antenna ports are deployed. Due to the fact that signal quality is poor at cell edge when Scheme 1 is adopted, cell-edge UEs obtain low throughput. About 140% improvement can be obtained when Scheme 2 is adopted for cell-edge UEs than Scheme 1.
Conclusion:

· Scheme 2 outperforms Scheme 1 in throughput especially for cell-edge UEs. About 140% improvement can be obtained with Scheme 2 than Scheme 1 for 4 antenna ports deployment.
Table 1 Throughput improvement of Scheme 2 over Scheme 1 (2 antenna ports)
	Throughput improvement
	Cell-edge UEs
	All UEs in average

	Scheme 2 over Scheme 1
	13.2%
	4.18%


Table 2 Throughput improvement of Scheme 2 over Scheme 1 (4 antenna ports)
	Throughput improvement
	Cell-edge UEs
	All UEs in average

	Scheme 2 over Scheme 1
	139.9%
	60.6%


4 Signalling support

To avoid introducing additional measurement complexity at UE, it would be good for UE to be aware of the number of antenna ports for RSRP measurements. In current RAN2 specification [8], a signalling element named “SameRefSignalsInNeighbour” indicates whether the neighbour cell using the same antenna configuration with the serving cell or not was provided in [9]. As pointed out in [10], this filed was deemed not that useful in RAN1. And most companies considered the parameter is applicable for both FDD and TDD. Thus, it would be good to use it to indicate the minimum number of the measurement antenna ports in the neighbouring cells, among 1, 2 and 4. Furthermore, the optional neighbour cell list might be also helpful to indicate the concrete transmission antenna configuration in each individual neighbour cells to reach a more reliable RSRP/RSRQ measurement. 
As a summary, if the network cloud indicate the antenna configurations of the neighbour cells for the RSRP measurement in a proper way, it will facilitate the RSRP measurement based on all the available antenna ports and result in better cell selection/handover performance and throughput. For example, 
Change the signalling parameter ‘sameRefSignalsInNeighbour’ in SIB3 to “MinNumOfMeasurementAntennaPortsInNeighbour’, with 2bits (1 or 2 or 4, which is the minimum number of antenna ports among the neighbouring cells; N/A refer to NeighbouringCellList in SIB4/SIB5), 

i. 1, or 2 or 4: no blind detection is required anymore

ii. N/A: Refer to the number of antenna port described in the NeighboringCellList accordingly
5 Conclusions

This contribution analyzed the impact of using either only R0 or all detectable RSs for RSRP measurement in both co-located and distributed antenna networks. Simulation is carried out for the distributed antenna network with 2 or 4 transmit antenna ports.

Simulation results indicate that:
· The coverage with Scheme 2 matches to the expected coverage very well, while Scheme 1 can cause improper cell selection or handover and thus unexpected coverage. 
· The receiving signal power is higher with Scheme 2 than that with Scheme 1 (the difference can achieve 4dB for 4 antenna ports).
· Scheme 2 outperforms Scheme 1 in throughput especially for cell-edge UEs. About 140% improvement can be obtained with Scheme 2 than Scheme 1 for 4 antenna ports.
Based on these results, utilizing all detectable cell-specific RSs for RSRP measurement would achieve better cell selection and handover performance than only using R0. Therefore, we propose to send LSs to RAN1 and RAN2 to consider the following points:

Proposal 1: RAN2 should indicate the number of antenna ports for RSRP measurements in the neighbouring cells, among 1, 2 or 4. 

Proposal 2: RAN1should modify the definition of RSRP/RSRQ to support the following actions:

For neighbouring cells

· UE will measure RSRP/RSRQ based on all of the antenna ports indicated by network.

For serving cells

· UE will measure RSRP based on all the available antenna ports detected based on PBCH.
RSRP report if based on multiple antenna ports:
· The RSRP report should be the maximum value among the corresponding measurements of all the antenna ports.
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Appendix A. Simulation parameter
Table 3 System simulation parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Load
	Average 10 UE per sector

	Inter-site distance
	500m

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Penetration Loss  
	20dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	Spatial Channel Model (SCM)

	Bandwidth
	10MHz

	Base station transmit power
	46dBm

	Number of distributed antennas per cell
	4 or 2

	Number of antennas per UE
	2

	Transmit diversity
	SFBC
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