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1 Introduction 
It was agreed in RAN1 #60 that the CSI-RS are configured and/or tied to system parameters for inter-cell orthogonality, while the partial collision of CSI-RS is not precluded [1]. In addition, the impact of PDSCH muting is still to be evaluated.

In this contribution, we further discuss these open issues of CSI-RS, i.e., CSI-RS inter-cell orthogonal patterns, how to tie CSI-RS position to system parameters, and PDSCH muting.
2 CSI-RS inter-cell orthogonal pattern
Four inter-cell orthogonal patterns were discussed in RAN1 #60, as shown below:
· Time shift within a subframe 
· Frequency shift within a subframe 

· Subframe offset 

· Combinations of two or three of above 
There are two possible methods to assign the CSI-RS pattern: higher layer signalling, and tying to the system parameters. Higher layer signalling can provide more flexibility, but network-wide reconfiguration may be necessary to avoid inter-cell collisions. Moreover, the UE would not know the CSI-RS position until it had demodulated the PDCCH and the higher layer signalling on the PDSCH, which would increase the complexity of the RSRP measurement on mutiple cells to a potentially unacceptable level. Therefore, we prefer to tie the CSI-RS pattern to the system parameters.
For the pattern, in order to provide as many CSI-RS inter-cell orthogonal patterns as possible we suggest the fourth bullet be supported, i.e., combining subframe offset, time-shift, and frequency-shift. A sub-frame offset is useful is to reduce the number of PDSCH REs that might have to be muted, and an intra-subframe shift provides the possibility for power boosting.
3 Tying the CSI-RS position to system parameters
In this section, we discuss the details of the method to tie the CSI-RS pattern to the system parameters. Similarly to the R8 CRS, the cell ID should be the baseline for setting the CSI-RS position. However, in order to provide more possibilities for inter-cell randomization, we suggest that the SFN index could also be employed, as follows:
· Sub-frame offset is tied to cell ID – mod (cell ID, number of sub-frames available for CSI-RS)
For frame structure 1, “number of sub-frames available for CSI-RS” is 10.

For frame structure 2, “number of sub-frames available for CSI-RS” is the number of DL sub-frames.
· Intra-subframe shift is tied to cell ID and/or PBCH segment index, with one of two possible mapping rules:

· mod (cell ID,number of patterns)
There are in total (10*number of patterns) patterns are available for FDD. For TDD, the number decreases to (d* number of patterns), where d is the DL subframes. The number of available patterns may be insufficient especially for some of the TDD configurations.
· mod (cell ID + PBCH segment index, number of patterns)
The PBCH segment index could be employed to further randomize the CSI-RS pattern within one PBCH duty cycle by employing an eNB-specific offset relative to the PBCH. This has the advantage of not requiring the UE to detect PDCCH. As is well known, the Rel-8 PBCH includes four independently decodeable segments (indexed 0 – 3), which are detected by the UE during the cell synchronization procedure. Every segment’s duty cycle can be mapped with one CSI-RS hopping pattern. 

Besides the PBCH segment index, the other 8 bits of SFN could also be employed if necessary. That is, the mapping relation could be extended as:
· mod (cell ID + SFN, number of patterns)
where SFN is in the range 0 to 1023. As an extension of PBCH segment index, the SFN further randomizes the interference on CSI-RS, at the expense of slightly increasing the UE’s complexity, i.e., maintaining a larger CSI-RS duty cycle.
Below we give an example to show how the CSI-RS position may be tied to the system parameters using the cell ID and PBCH index. Assuming 8 Tx REs and two CSI-RS OFDM symbols, Fig. 1 shows three PRB frequency patterns – (0), (1), (2). More time/frequency-hopping patterns could be defined as well.
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Fig. 1 CSI-RS hopping pattern
For the example shown in Fig. 1, Fig. 2 shows the relation between the CSI-RS pattern and the PBCH (indexed by 0 ~ 3) and cell-ID i.
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Fig. 2 CSI-RS PBCH-based hopping

4 PDSCH Muting
PDSCH muting can relieve the inter-cell interference on CSI-RS. However, if too many REs are muted the PDSCH performance will obviously be degraded unless the UE knows the muting position (non-transparent muting). The potential control signalling overhead may be unacceptable to support such kind of notification. In this contribution, we present some MSE vs. OCI simulation results based on transparent muting.

With the simulation assumptions given in the Annex, Fig. 3 shows the effect of muting. Partial muting (8 REs) can achieve better performance gain than no muting. Compared to 16 muted REs  (no OCI), 8 muted REs still has an obvious performance gap.
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Fig. 3: MSE vs OCI Case D
According to the MSE vs. OCI results, partial PDSCH muting is not particularly attractive compared to muting of all REs. Moreover, the CSI-RS hopping explained in section 2 can reduce the need for muting. 
5 Conclusions
In this contribution, we analyze the relationship between CSI-RS position and system parameters, and suggest that the CSI-RS position be defined as follows:

· Sub-frame offset is tied to cell ID – mod (cell ID, number of sub-frames available for CSI-RS)
For frame structure 1, “number of sub-frames available for CSI-RS” is 10.

For frame structure 2, “number of sub-frames available for CSI-RS” is the number of DL sub-frames.
· CSI-RS pattern is tied to cell ID and PBCH segment index - mod (cell ID + PBCH segment index or SFN, number of patterns)
For PDSCH muting, partial PDSCH muting is not attractive compared to complete muting. The usefulness of full PDSCH muting requires further study considering the spectral efficiency versus OCI.
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ANNEX
Table 1 Simulation parameters

	Parameter
	Assumption

	Antenna configuration
	8 Tx at the eNB, 2-Rx at the UE 

	Number of cells 
	3

	CSI RS pattern
	Fig. 1

	UE antenna separation
	0.5 lambda

	eNB antenna separation
	4 lambda

	Bandwidth
	20MHz

	Channel model
	SCM Case D

	CE algorithm
	Robust 2D MMSE

	Carrier frequency
	2.5 GHz

	UE speed
	3 km/h

	Normalized Gaussian Noise
	10 dB
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