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1. Introduction 
In RAN1 #59bis [1], it was agreed that the CSI-RS density is fixed as 1 RE per port per PRB for 2, 4, 8 ports. Then the remaining issues for CSI-RS include the concrete position/pattern and the inter-eNB coordination. The agreement does not provide a possibility to maintain the same RS spacing as R8 CRS – 6 RE (12 RE if the CSI-RS allocation is frequency continuous). Moreover, the CSI-RS duty cycle is usually much larger than one sub-frame, which further precludes the possibility of reuse of the R8 channel estimation filter.

This contribution analyzes the candidate CSI-RS mapping patterns with the consideration of minimizing the occurrence of inter-cell conflicts.
2. Approaches of the CSI-RS mapping
The major roles played by the CSI-RS include CQI measurement, synchronization, PMI calculation, etc. Moreover, the CSI-RS is assumed to assist the measurement for CoMP and HTN, which means the inter-cell/network CSI-RS orthogonality should be guaranteed as much as possible. The straightforward solutions for ensuring inter-cell orthogonality include:

· Shifting as R8 CRS

Considering there are at most 8 available REs per RB, frequency domain shifting could not provide enough orthogonal patterns for CoMP or HTN measurements.
· Hopping in time-frequency domain [2]
CSI-RS hopping in time-frequency domain could provide more orthogonality patterns than 1-D frequency domain shifting. One concern may be the restrictions due to the fact that the CSI-RS allocation should try to avoid OFDM symbols with DM RS so as to provide maximum power boosting gain.
· Discontinuous RB allocation in frequency domain

Discontinuous RB allocation can provide inter-cell CSI-RS orthogonality. However, the channel measurement performance may experience obvious degradation especially considering that there is only one 1 CSI-RS RE per RB per port.
· Data puncturing
In order to avoid adverse impact on the R8 PDSCH, too many punctured REs should be avoided.
3. RB bundling based CSI-RS shifting
Power boosting could improve the channel estimation performance provided that the CSI-RS position is not completely overlapped with the adjacent cells’ CSI-RS. Considering the necessity of CoMP and HTN measurements, as many orthogonal inter-cell CSI-RS patterns should be provided as possible. Time-frequency shifting [2] could provide 5 orthogonal patterns, which may be not sufficient even taking hopping into account.
Therefore, RB bundling based CSI-RS shifting can be considered as a candidate solution to provide enough useful CSI-RS patterns for CoMP and/or HTN measurements.
The PRBs (within the super PRB) could employ different CSI-RS patterns so as to avoid conflicts between adjacent or HTN cells. Then the CSI-RS duty cycle in the frequency domain becomes one super PRB instead of one PRB.
Assuming, 8 Tx REs and two CSI-RS OFDM symbols, Fig. 1 shows three PRB mapping patterns – (1), (2), (3).
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Fig. 1 RB “segment” pattern
It is further assumed that one super PRB is composed of 3 PRBs, as shown in Fig. 2.
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Fig. 2 Super PRB
The super PRB CSI-RS pattern can be represented by pattern list - (s, t, m), where s, t, m belongs to 1~3. Then there are a total of 27 candidate patterns that are not completely overlapped. Table 1 shows the available CSI-RS pattern number vs. the number of conflicted PRBs (conflicted PRB means that more than one CSI-RS patterns have the same CSI-RS mapping position at certain PRB).
Table 1 CSI-RS space vs. conflicted PRB number

	Conflicted PRBs
CSI-RS space
	0
	1
	2

	27 (total)
	3
	6
	18


For the case with no PRB conflicts, the super PRB method essentially falls back to the PRB method. Moreover, the system can link the cell ID with the super PRB pattern so that the UE does not need to decode the CSI-RS pattern. If 3 OFDM symbols are employed for CSI-RS, the provided CSI-RS patterns can be further extended to fully meet the requirement of the CoMP/HTN measurement.
It should be noted that at most 27 CSI-RS patterns does not mean the UE should be equipped with 27 Channel Estimation Filters (CEF). In fact the FFT based CEF (common for 27 patterns) could provide satisfactory performance compared to an MMSE filter.
4. Simulation verification
The simulation tries to compare the super-RB based shifting CSI-RS with the 12-RE spaced CSI-RS pattern in light of the MSE (Mean Square Error) of the channel estimate. Two super-RB based CSI-RS patterns are compared – pattern 1 (1, 1, 1) & pattern 2 (1, 2, 3). Considering the UE’s complexity, pattern 2 employs the same DFT filter as pattern 1, which means the channel parameters of pattern 2 CSI-RS position will be regarded as the corresponding pattern 1 CSI-RS position when performing the DFT filtering. This kind of channel estimation can essentially provide the lower-bound of the CE performance for pattern 2. Table 2 shows the simulation parameters.

Table 2 Simulation parameters

	Parameter

	Assumption

	Antenna configuration
	4 Tx/Rx at the BS side, 2-Rx at the UE side

	CSI RS pattern
	Pattern 1 – 1, 1, 1

Pattern 2 – 1, 2, 3

	Distance of UE antennae
	0.5 lambda

	Distance of BS antennae
	4 lambda

	Bandwidth
	20M

	Channel model
	SCM B, SCM D

	CE algorithm
	DFT-based

	Carrier frequency
	2.5 GHz

	UE mobile speed
	3km/h


Fig. 3 is the link-level simulation result. It is easy to see that pattern 2 only has very slight degradation compared to pattern 2. The performance degradation comes from two aspects – the unequal RS spacing and the unmatched DFT filtering. While considering the purpose of CSI-RS detection, the slight performance degradation has almost no impact on the system throughput. Moreover, the UE could optimize the CE filtering to further reduce the MSE gap, which is an implementation issue.
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Fig. 3: MSE vs SNR
The slight CE performance degradation can potentially bring huge performance gain from the inter-cell measurement point of view:
· Inter-cell othorgonality (complete or partial)

· Randomization of the puncturing position
5. Conclusions
The number of cells measured by the Release 10 UEs will greatly increase due to the potential deployment of CoMP and HTN. This requires the CSI-RS pattern to support as much inter-cell othorgonality as possible. Considering this requirement, we suggest to consider the RB-bundling based shifting scheme for the CSI-RS patterns
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