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1 Introduction
In this paper, we further discuss the timing misalignment issue in geographically-separated antenna deployments. In this deployment scenario, the different transmit paths cause not only the timing misalignment between the transmit points, but also the Rx power imbalance, which results in some measurement issues, i.e., rank adaptation and RSRP measurement. In this contribution, we also analyze the rank reporting enhancement and related issues.

2 Timing misalignment

Timing misalignment for co-located antennas is restricted to 65ns in LTE-R10 and is due to radio amplifiers, duplexer and transmit filters, etc. Within this limit, there is a system performance loss because of the increased frequency selectivity, especially for large bandwidth systems, and the current feedback cannot fix it. The performance impact can be mitigated by smaller granularity of feedback and smaller granularity of precoding. In [1], 65ns TAE is assumed between two RRUs, on which 4 Tx are deployed. It can be seen that subband CQI and subband PMI, the so-called PUSCH mode 3-2, make the performance loss acceptable. Thus, we propose:

· Proposal 1: To enhance the performance in case of timing misalignment, PUSCH reporting Mode 3-2 with subband PMI and subband CQI should be supported in Rel-11.
For the distributed antenna deployment, including sharing the same cell ID or different cells IDs, the transmit distance difference causes additional time deviation between the transmit points (TPs), which is most likely more than 65ns. Assuming that distance difference from two TPs to UE is 300m, the time alignment error would be 1µs or 1µs more considering the NLOS(Non-line-of-sight) transmission, which is within the cyclic prefix, but results in serious frequency selectivity. In 20MHz, the subband size is 8RB [2], which results in a larger phase variation within one subband as compared to smaller bandwidths, for the same TAE. System simulations were performed on above assumptions, and the details can be found in the Appendix. As shown in Table 1, when the subband size decreases to 3RB, the performance loss caused by timing misalignment is much smaller than that of 8RB subband size. Thus, supporting smaller subband size is helpful to mitigate the impact of timing misalignment. Additional evaluations are needed for different scenarios to find the appropriate subband size or subband sizes.
·  Proposal 2: Smaller subband size should be considered in Rel-11 for the distributed antenna deployment.

Table 1. System level performance comparison of different subband sizes
	
	Cell average (bps/Hz/cell)
/performance loss proportion
	Cell edge (bps/Hz/cell)
/performance loss proportion

	No TAE / 8RB subband size
	2.05 / 0%
	0.073 / 0%

	1µs TAE/ 8RB subband size
	1.42 / 31%
	0.049 / 33%

	1µs TAE/ 3RB subband size
	1.81 / 12%
	0.068 / 7%


3 Rank adaptation in geographically-separated antenna deployment
The design of the specifications in previous release is based on the assumption of co-located transmit antennas. In geographically-separated antenna deployments, some measurements should be optimized. 

The transmissions with Rx power imbalance are common in geographically-separated antenna deployments. Rank reporting error caused by the power imbalance was observed in field testing and simulations [4]
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 \* MERGEFORMAT [5]. Even though the rank reporting is proper for the imbalanced channel, rank-deficiency and performance loss are inevitable [6]. To avoid the performance loss, a better way in multiple transmit point scenario is to select the TPs/ antenna ports (AP) that are associated with less power imbalance channels. In the condition that the power information of the TPs/APs is known by eNB, it is possible for the eNB to handle the performance loss and rank reporting error caused by Rx power imbalance.
In the multiple TP deployment, RSRP per TP/AP could be used for TP/AP selection [7]. After the per TP/AP RSRP are reported to the eNB by UE, the eNB can select the TPs/APs with better radio conditions and informs the selection results to the UE by the means of configuration of antenna ports used for CSI measurements and feedback, as TPs should be transparent to the UE according to current discussion on multiple TP transmission. Then the rank measured based on the selected relatively power balanced TPs/APs will be more suitable for the channel condition.

· Proposal 3: UE-specific TP/AP selection at the eNB based on RSRP per TP/AP should be supported in Rel-11.
In current specification, the RSRP is measured based on CRS port0 or port1 [3], which is assuming that the two ports are co-located. In multiple TP deployment, RSRP would be used for TP/AP selection and also to indicate the path loss difference of the TPs. In Rel-10/11 transmission, the mapping of CRS and CSI-RS ports are independent. For example, all the CRS ports may be mapped to the co-located antennas, but the CSI-RS ports are mapped to different TPs. Thus, the RSRP of CRS and CSI-RS ports are also independent. 
For the multiple TP transmission where all the TPs are with different cell IDs, the CRS-based RSRP of different transmit points are reported to eNB respectively. For the TPs that are sharing the same cell ID, only one CRS-based RSRP is reported, thus it is impossible for eNB to find the Rx power imbalance between the TPs. In addition, the mapping of the transmit antennas to CRS ports is not defined or specified. As CRS is cell-specific configured, the CRS port mapping in multiple TP deployment is not for specific UEs, but for all the UEs in the TP set. Thus it is difficult to select the TPs for specific UEs based on CRS ports or CRS based measurement such as RSRP. The definition of CRS based RSRP needs further study.

With the introduction of CSI-RS, TP/AP selection becomes possible. The TPs with same or different cell IDs all have TP-specific CSI-RS ports. Although the TPs are transparent for UE, the APs of the TP candidates are known by UEs, representing as CSI-RS ports. Per port CSI-RS based RSRP can provide the power information of each TPs/APs which makes TP/AP selection possible. Also, the TP/AP selection should be UE-specific to address UE-specific channel condition, and the CSI-RS configuration is UE-specifically configured. The eNB can thus efficiently restrict the CSI reporting set to specific TP/AP with CSI-RS measurements. Therefore, to avoid the power imbalance, it is necessary to define per CSI-RS port RSRP in Rel-11.
· Proposal 4: Multiple RSRP related to CSI-RS ports need to be defined.
4 Conclusion
In this contribution, some discussion on timing misalignment and rank adaptation issues in geographically-separated antenna deployment is given, and the following proposals are provided.
For TAE,
· To enhance the performance in case of time misalignment, PUSCH reporting Mode 3-2 with subband PMI and subband CQI should be supported in Rel-11.
· Smaller subband size should be considered in Rel-11 for the distributed antenna deployment.

For Rank adaptation,
· UE-specific TP/AP selection at the eNB based on RSRP per TP/AP should be supported in Rel-11.
· Multiple RSRP related to CSI-RS ports need to be defined.
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Appendix – Simulation assumptions
Table 2. System level simulation assumptions

	Parameter
	Assumption

	Cellular Layout
	19 sites, 3 sectors per site

	Simulation scenarios
	Case1 in TR25.814

	Load
	Average 10 UE per sector

	Bandwidth
	20MHz

	Channel model
	SCM

	UE speeds of interest
	3km/h

	antenna configuration
	Two TPs, and each TP has 2Tx
Rx number:2

BS: 0.5  MS: 0.5 Lambda
1µs time misalignment between the two TPs 

	Traffic model
	Full buffer

	Scheduler
	Proportional Fair

	Channel estimation
	Ideal

	Subband size
	8/3 RB

	HARQ
	Maximum 4 transmissions

	Transmitter precoding algorithm
	Zero-forcing beamforming for MU-MIMO 

	Receiver algorithm
	MMSE-IRC/Blind detection enabled

	Feedback 
	Subband PMI and subband CQI, triggered per 5ms.

	Feedback Delay
	4ms

	Overheads 
	3 symbols for DL CCHs and 4 port CRS


