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1. Introduction

In DL MIMO scenario B, the eNB implementation allows mapping one CSI-RS pattern to geographically separated antennas. There are several reasons for the eNB to do so. First, it could make DL multi-point transmission transparent to UE’s CSI feedback. In addition, the multi-point transmission prefers obtaining a single aggregated CSI feedback from the UE to combining individual CSI feedback for each point and additional inter-point CSI feedbacks at the eNB for the multi-point transmission [1]. However, such mapping can potentially cause some issues. One issue arises from the current RSRP measurement assumption that all CRS ports are mapped to co-located antennas. If the CRS ports are mapped to geographically separated antennas, respectively, the RSRP measurement of one CRS port 0may not be representative for the other ports and thus might cause some mobility issues. Another issue is that the Antenna Gain Imbalance (AGI) across the antenna ports within one CSI-RS pattern can increase the CSI quantization error since the existing codebooks are mostly optimized for closely spaced antenna arrays with an equal gain. This contribution evaluates the impacts of these issues by simulations and analysis.
2. RSRP Measurement for Geographically Separated Antenna
In the current spec [2], RSRP measurement relies on CRS port 0 or port 0&1 because it implicitly assumes that all antennas are geographically co-located and thus have the similar RSRPs. On one hand, if distinct CRS ports of one cell are mapped to geographically separated antennas, respectively, the RSRP measured from CRS port 0 or port 0&1 can substantially differ from those of the other ports. Therefore, the RSRP of port 0 or 1 may not be able to represent the true coverage of the cell. On the other hand, given the large distance between antennas, it doesn’t make much sense to use the mean RSRP averaged over the RSRP of each CRS port as the cell RSRP. Since neither RSRP of port 0/1 nor the average RSRP is useful in this case, per port RSRP measurement may be introduced. Accordingly, UE may keep multiple RSRP measurement instances for a cell and each instance may be for one CRS port. Furthermore, layer 3 mobility measurements may also be changed accordingly because it receives multiple RSRP values from the physical layer and each value is for one CRS port.
Similar mapping can be applied for CSI-RS. For several reasons, such as pathloss reference for distributed RRH systems, CSI-RS based RSRP can be defined in Rel. 11. If so, per port RSRP measurement can similarly be defined for CSI-RS based RSRP measurement.  
Remark 1: If CRS ports are mapped to geographically separated antennas, the RSRP measurement of CRS port 0 or 0&1 may not indicate the coverage of one cell well.
Remark 2: Per port RSRP measurement may be considered for geographically separated antennas and the layer 3 mobility measurements may also need to be changed accordingly.
Remark 3: If CSI-RS based RSRP measurement is defined, mapping CSI-RS ports to geographically separated antennas may also justify per point RSRP measurement;
3. CSI feedback for Geographically Separated Antennas
In Fig.1, we give one example that four Tx CSI-RS pattern is mapped to two geographically separated antenna subsets each of which has two antennas. Depends on the UE’s location, some level of AGI may exist in this CSI-RS pattern. Thus the original codebook may be suboptimal to quantize the channel measured from this CSI-RS pattern.
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Fig.1, One Example of mapping multiple CSI-RS ports to Geographically Separated Antennas
Since the AGI is a long term effect, it can be fed back to eNB through RSRP reports. One possible improvement is to modify the existing codebook using the RSRP reports to compensate for the AGI. One example is to adjust the weight of each element of the precoding vector according to the AGI or partial information of AGI. The weight adjustment vector should be able to indicate the long term average of the AGI across the CSI-RS ports. For example, the vector can be derived from RSRPs reported by the UE or sounding RS measured at eNB. Along this direction, two approaches can be implemented:
Approach I (UE non-transparent): UE adjusts the codebook using the weighting vector derived from per port RSRP measurements before PMI search. UE calculates the CQI using the modified precoder. With the PMI feedback from UE, eNB may adjust the precoding vector with the weighting vector that is derived from RSRPs obtained from UE feedbacks and select a MCS using the reported CQI. With this approach, UE can feed back a more accurate precoder/CQI and better performance can be achieved than those using the legacy codebook.
Approach II (UE transparent): UE searches and feeds back the PMI/CQI without codebook adjustment. Based on the PMI, eNB may adjust the precoding vector/CQI according to the weighting vector derived from per port RSRP measurement. If PDSCH is decoded based on UE-RS, no standardization is needed for this approach. Both the CQI and precoder may not be the optimal since the UE doesn’t know about the weighting capability at the eNB.
The performances of these two approaches are compared in Fig.2. As a reference, we plot the performance of the legacy scheme without codebook/CQI adjustment. In the simulations, we assume no AGI within the same antenna subset but 9dB AGI between the two antenna subsets. Detailed simulation parameters are listed in the Appendix. Both approaches have gains compared over the legacy case where eNB doesn’t do any adjustment on precoder/CQI. As expected, the performance of approach I is better than approach II.
Remark 4: Codebook adjustment based on per point RSRP measurement improves CSI feedback accuracy if the CSI-RS is sent by geographically separated antennas.
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Fig.2, Comparison of approach I and approach II with 9dB AGI between two antenna subsets.
4. Conclusion
This contribution provides some analysis on the issues caused by mapping multiple CRS ports or one CSI-RS pattern to geographically separated antennas. The observations and conclusions are reiterated as following:
Remark 1: If CRS ports are mapped to geographically separated antennas, the RSRP measurement of CRS port 0 or 0&1 may not indicate the coverage of one cell well.

Remark 2: Per port RSRP measurement may be considered for geographically separated antennas and the layer 3 mobility measurements may also need to be changed accordingly.

Remark 3: If CSI-RS based RSRP measurement is defined, mapping CSI-RS ports to geographically separated antennas may also justify per point RSRP measurement.

Remark 4: Codebook adjustment based on per point RSRP measurement improves CSI feedback accuracy if the CSI-RS is sent by geographically separated antennas.
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6. Appendix
Table 1 Simulation Parameters 
	Parameter
	Value

	Bandwidth / Allocated RB
	10MHz/ 6RB

	Channel Model
	SCM high angular spread with 3km/h 

	Antenna Configuration
	As in Fig.1

	CSI Feedback
	PUCCH 1-1 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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