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1. Introduction

Geographically isolated antenna exists in many scenarios including the real-life deployment and the scenario B of enhanced downlink MIMO SI. There are some potential issues brought by this deployment, such as RSRP measurement, Antenna Gain Imbalance (AGI) and Time Alignment Error (TAE) caused by the large separated location for different antennas. These issues have been raised by some contributions [1, 2, 3] and the impact to the system has also been discussed. This contribution evaluates the impacts of these issues using simulations and analysis.
2. RSRP Measurement for Geographically Isolated Antenna
In current spec, RSRP measurement relies on CRS port 0 and optionally port 1. And as mentioned in [1], it implicitly assumes that all antennas are geographically co-located. But for geographically isolated antenna deployment, the RSRP measured only from CRS port 0 or port 1 may not be enough to reflect the real coverage of the cell. One possible reason is that port 0 and 1 may be in the same location which is far away from other antennas as shown in Fig.1. Additionally, as the development of further LTE system, the function of CRS is diminishing, especially if ePDCCH and new component carrier is deployed. CSI-RS is introduced in Rel.10 and will be heavily used for CSI estimation. In a general deployment, each antenna has a corresponding CSI-RS port, which provides some facility to explore more geographical information for all antennas if RSRP is measured on CSI-RS. Considering the CSI-RS granularity in both frequency domain and time domain, the RSRP measurement performance using CSI-RS needs to be further verified.  On the other hand if multiple CRS ports are mapped to geographically isolated antennas, the RSRP measurement from one CRS port is no longer a good representative for the cell’s coverage.  Per port RSRP measurement may be required in this case. And layer 3 mobility measurements may also need to be changed accordingly. 
Remark 1: CRS based RSRP measurement has some limitation when applied to geographically isolated antenna;
Remark 2: CSI-RS may be considered as a candidate for RSRP measurement;
Remark 3: Per port RSRP measurement may be considered for geographically isolated antennas and the layer 3 mobility measurements may also need to be changed accordingly.
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Fig.1 One Example of Geographically Isolated Antennas
3. Time Alignment Error on Geographically Isolated Antenna
Time alignment error for co-located antennas has been investigated in Rel.10. 65ns is identified as the maximum acceptable value of TAE for co-located antenna [4]. But for geographically separated antenna, this value may be larger and an acceptable value may need to be identified in RAN4. In this section, we assume 4 antennas are configured for eNB, and each 2 of them are co-located as a subset. The two subsets are geographically isolated as Fig.1. In each subset, we assume all antennas are ideally calibrated, but for the two subsets TAE is 65ns. TAE increases the frequency selectivity of the channel, and this brings severe impact to wideband CSI feedback as shown in Fig.2. A dramatic loss is observed compared with co-located antenna deployment without TAE.
One solution is subband feedback. The performance is also shown in Fig.2, where performance loss is quite limited compared with wideband feedback. The drawback for this solution is the feedback limitation, because no PUCCH feedback supports subband PMI feedback for 4 Tx and only PUSCH 2-2 and PUSCH 1-2 support subband PMI feedback. The downlink performance relying on aperiodical feedback may be affected by the uplink traffic, feedback periodicity and mobility. 
Remark 4: TAE poses great challenges for wideband CSI feedback;
Remark 5: Sub-band CSI feedback is not sensitive to TAE and some subband feedback mode may be defined for this purposes;
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Fig.2 Performance of WB and SB feedback under TAE.
4. Antenna Gain Imbalance in Geographically Isolated Antenna
As the example in Fig.1, since the two antenna subsets are geographically separated, antennas in different subset may experience quite different channel condition. And this results in severe AGI. The performance impact of AGI has been shown in [3].
One possible solution is to adjust the codebook based on the AGI. Since the current codebook is designed for co-located antennas without considering AGI, some optimization can be done if the information of AGI can be extracted at eNB. One example is to adjust the weight of each component of precoding vector according to the AGI or partial information of AGI. The weight adjustment vector should be able to indicate the relative value of antenna gain for the distributed antennas that have AGI. For example, the vector can be derived from RSRP reported by UE or sounding RS measured at eNB. Two approaches can be implemented based on this solution:
Approach I (UE non-transparent): UE adjusts the codebook with the weighting vector before PMI search. With the PMI feedback from UE, eNB adjusts the precoding vector with the weighting vector derived from RSRP obtained from UE feedback or other measurement such as sounding RS. With this approach, UE can feedback a more accurate precoder and better performance can be achieved.
Approach II (UE transparent): UE searches and feedback the PMI without codebook adjustment. Based on the PMI, eNB adjusts the precoding vector according to the weighting vector obtained from sounding RS or other measurement. If PDSCH is decoded based on UE-RS, no standardization is needed for this approach.
The performances of these two approaches are compared in Fig.3, together with the scheme without codebook adjustment. In the simulation, we assume no AGI within the same antenna subset. More simulation parameters are listed in the Appendix. The gain is obvious especially for approach I, and as expected, UE transparent is suboptimal compared with non-transparent.
Remark 6: Codebook adjustment based on AGI improves the performance of geographically isolated antenna.
[image: image3.emf]-5 0 5 10 15 20 25

0

1

2

3

4

5

6

x 10

6

SINR(dB)

Throughput(bps)

AGI = 9dB; 4x2 ULA

 

 

w/o AGI

w/   AGI

Approach I

Approach II


Fig.3 Performance of different schemes under AGI.
5. Conclusion
This contribution gives some analysis on the issues caused by geographically isolated antenna that exists in real-life deployment, DL-MIMO scenario B and etc. It also gives some initial remarks on the solution of RSRP measurement, time alignment error and antenna gain imbalance. The observations and conclusions are reiterated as following:
1) CRS based RSRP measurement has some limitation when applied to geographically isolated antenna;
2) CSI-RS may be considered as a candidate for RSRP measurement;
3) Per port RSRP measurement may be considered for geographically isolated antennas and the layer 3 mobility measurements may also need to be changed accordingly;
4) TAE poses great challenges for wideband CSI feedback;
5) Sub-band CSI feedback is not sensitive to TAE and some subband feedback mode may be defined for this purposes;
6) Codebook adjustment based on AGI improves the performance of geographically isolated antenna.
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7. Appendix
Table 1 Simulation Parameters 
	Parameter
	Value

	Bandwidth / Allocated RB
	10MHz/ 6RB/50RB

	Channel Model
	SCM high angular spread with 3km/h 

	Antenna Configuration
	As in Fig.1

	CSI Feedback
	PUCCH 1-1 on 6RB or 50RB with Rank Adaptation

	Feedback Timing
	Periodicity: 2 SFs/ Delay: 4SFs

	Antenna Gain Imbalance 
	9dB inter antenna subsets; 0dB intra antenna subset

	Receiver Type
	Linear MMSE

	Channel Estimation
	2D MMSE
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