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1 Introduction
CSI-RS is defined for UE to measure channel state information to support Rel10 high order MIMO and CoMP. So far following CSI-RS design baselines have been agreed:
· Intra-cell CSI-RS RE are multiplexed within single-subframe;
· CSI-RS mapping needs to avoid OFDM symbols carrying Rel-8 CRS (4 CRS ports for 8 CSI-RS design) and PDCCH (1-3rd OFDM symbol) in the case of normal CP;
· CSI-RS density is 1 RE per port per PRB for 2, 4, and 8 ports.
Some CSI-RS design criteria and simulation results are lined out in our previous contributions [2]~[4].  This contribution updates our consideration on CSI-RS pattern design.
2 Discussion on CSI-RS design
2.1 CSI-RS distribution over system bandwidth
Because LTE-A UE can be scheduled to any part of whole bandwidth with possible dynamic switch of transmission modes, and channel state information should be measured and feedback prior to scheduling decision, CSI-RS should be transmitted evenly across system bandwidth. It’s shown in [7]~[9] that single CSI-RS pattern could contain one or several PRB’s. To simplify channel estimation and achieve consistent estimation accuracy, CSI-RS pattern should be uniformly repeated in wideband. In other words, the intra-cell CSI-RS distribution per subframe over the system bandwidth should be multiple repetitions of a single CSI-RS pattern that contains N (N
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1) PRB’s. Therefore, CSI-RS pattern should be uniformly repeated in wideband (Proposal-1).

2.2 Intra-cell multiplexing of CSI-RS ports

In order to support the accurate measurement of channel information on each antenna port, CSI-RS for different antenna ports in the same cell need to be orthogonal. Among the traditional choices for orthogonal multiplexing, which include CDM, FDM, TDM or any combination of the three:

· CDM requires multiple CSI-RS RE’s to be adjacent to each other to reduce the non-orthogonality effect caused by fading channel, which may result in smaller reuse factor of CSI-RS pattern in one PRB than non-CDM multiplexing. In fact, CDM does not show more advantages than non-CDM in our study, while it is always prone to non-orthogonality under severe fading.
· Pure TDM of intra-cell CSI-RS needs 8 symbols, which is more than 7 available symbols that are free of CRS and PDCCH per subframe. 
So, intra-cell CSI-RS multiplexing should be FDM or TDM+FDM (Proposal-2). 
2.3 Impact on performance of Rel10 CSI measurement and Rel8 PDSCH
The simulations are performed on four CS-RS patterns in Figure 1. The four patterns have the same density of 1RE/port/PRB, but have different CSI-RS RE spanning over frequency and time domain, or different number of PRB’s per CSI-RS pattern. Pattern 1 occupies four time symbols and two subcarriers, pattern 2 occupies two time symbols and four subcarriers, and pattern 4 occupies one time symbol and eight subcarriers. These three patterns are repeated in every PRB, while pattern 3 occupies two time symbols and repeats once in every two PRB. 
Simulation parameters are listed in Table 1 and are the same as in R1-100325[6]. Simulation results are given in Figure 2 for R10 performance and in Figure-3 for impact on legacy PDSCH in the CSI-RS subframe. Both figures show that four CSI-RS patterns have no obvious performance difference on either Rel10 CSI measurement or legacy PDSCH degradation in CSI-RS subframe. 
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Figure 1 Four CSI-RS patterns
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Figure 2 Link throughput of LTE-A UE with 10ms CSI-RS cycle
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Figure 3 Rel8 PDSCH performance in CSI-RS subframe
2.4 Collision with other reference signals or physical channel 
It’s agreed that CSI-RS are carried by the CRS-free symbols in the non-PDCCH region of normal or MBSFN subframe. In addition, the CSI-RS can only be inserted in resource elements (REs) which will not be interpreted by Rel-8 UEs as PSS/SSS or PBCH. Besides, it seems also reasonable to prevent CSI-RS from interfering with the SIB1 that is sent in the subframe #5 and paging channel that can be sent in any subframe from a configured subset or full set of all non-MBSFN-capability subframes. Given these agreements, there could be several options on the locations available for CSI-RS transmission:
· Option-a: CSI-RS can only be transmitted in subframe configured as MBSFN subframe, which means CSI-RS cannot be transmitted in subframes {0,4,5,9} for FS 1 and subframes {0,1,5,6} for FS 2. 
· Pros: 

· More clean RE’s per PRB for larger CSI-RS reuse factor.

· CSI-RS is collision-free from essential system signals and common control channels, especially for the CSI-RS within 6 central PRB’s. 

· Cons: 

· MBSFN subframe keeps large percentage of system resource unavailable to R8 PDSCH. 

· There could be very limited number or even none of subframe that can be configured as MBSFN subframe in certain TDD uplink-downlink allocations.
· Option-b: CSI-RS is not transmitted in subframes {0,4,5,9} for FS 1 and subframes {0,1,5,6} for FS 2; but different from Option-a, Option-b allows CSI-RS to be sent in non-MBSFN (but MBSFN-capable) subframes. 
· Pros: 

· System-wide resource pool for R8 PDSCH is not affected. 

· CSI-RS is collision-free from essential system signals and common control channels, especially for the CSI-RS within 6 central PRB’s

· Cons:

· With subframes {0,1,5,6} excluded, there could be very limited number or even none of downlink subframe available for CSI-RS transmission in certain TDD uplink-downlink allocations.
· Option-c: CSI-RS can be transmitted in any subframes in FS1 and FS2 (DwPTS might be excluded), CSI-RS RE is not transmitted in case of collision with PSS/SSS/PBCH/SIB1/paging, or CSI-RS is not allocated on RE used by PSS/SSS/PBCH/SIB1/paging. 
· Pros:
· CSI-RS transmission is feasible in all TDD allocations.
· Cons:

· CSI-RS is lost in the collision with PSS/SSS/PBCH/paging. In case of CSI-RS cycle equal to 10ms, such CSI-RS loss could be periodic or even constant for CSI-RS within 6 central PRB’s. Note that the collision with PSS/SSS could be avoided if CSI-RS is not transmitted in the symbols that can carry R10 DMRS. 

· UE may need to search for and decode PDCCH with SI-RNTI or P-RNTI to determine the resource allocated for SIB1 and paging channel before measuring the intra-cell CSI-RS in corresponding subframes. 
· It is difficult for UE to know the collision situation between CSI-RS and SIB/paging in the neighboring cells if UE needs to measure inter-cell CSI-RS. 

· Option-d: CSI-RS can be transmitted in any subframes in FS1 and FS2 (DwPTS might be excluded) except the subframes transmitting SIB1 and paging, CSI-RS RE is not transmitted in case of collision with PSS/SSS/PBCH, or CSI-RS is not allocated on RE used by PSS/SSS/PBCH. According to LTE R9 specification, Option-d means that CSI-RS cannot be transmitted in the subframes {5}
[image: image8.wmf]È

PO_set, where PO_set can be configured as one of three possibilities: {9}, {4,9}, {0,4,5,9} for FDD and {0}, {0,5}, {0,1,5,6} for TDD.
· Pros:

· Compared to Option-c, Option-d makes it possible for UE to measure CSI-RS in the neighboring cells.

· Cons:

· UE may need to know paging occasion (PO) configuration in the neighboring cell to avoid measuring the non-existing inter-cell CSI-RS.
We prefer Option-b or Option-d for FDD and Option-d for TDD (Proposal-3).
Even though separating CSI-RS and R9/10 DMRS into different symbols could keep possibility of power boosting on CSI-RS and meanwhile prevent the collision between PSS/SSS and CSI-RS, we did not see further stronger reason to override the benefit of larger CSI-RS reuse factor per subframe. So our current preference is that CSI-RS should avoid collision with Rel9/10 DMRS RE, but can be transmitted in Rel9/10 DMRS symbols (Proposal-4).
3 Suggested CSI-RS pattern

This section describes the CSI-RS pattern based on the design discussion in section 2, and focuses on the pattern that can fit in the MBSFN-capable subframe. 
As shown in section 2, the intra-cell CSI-RS multiplexing per subframe could be either FDM or FDM+TDM. 

· For FDM-based intra-cell CSI-RS, there can be up to three symbols per subframe to be able to hold 8 CSI-RS RE’s per symbol. Therefore, the FDM-based CSI-RS reuse factor per PRB is 3.
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Figure 4 PRB fit for FDM-based CSI-RS

· For FDM+TDM based intra-cell CSI-RS, the RE’s available to CSI-RS allocation over the 2D resource block can be partitioned into CSI-RS RE groups each of which contains N free RE’s, as shown in Figure 5 for N=3 and N=6.
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(a) N=3                                                                           (b) N=6
Figure 5 FDM+TDM based intra-cell CSI-RS pattern
In Figure 5, each CSI-RS RE group can contain up to one CSI-RS RE from one cell. It can be seen that both patterns in Figure 5 have following advantages:

· Larger CSI-RS reuse factor per PRB (at least 6). 
· For any two cells, as long as their CRS do not overlap, their CSI-RS also do not overlap, by simply introducing the (PCID mod N) into mapping function. This property eases the cell planning task after introducing the CSI-RS. 
· The two patterns can provide the identical 8-port CSI-RS RE layout for all cells with reuse factor equal to 6. Of course, in this case the 4th symbol is not used for CSI-RS transmission.
4 Conclusions
In this contribution, we provide the simulations showing that 

· Different CSI-RS patterns under density of 1RE/port/PRB have no obvious performance difference on Rel10 CSI measurement and R8 PDSCH degradation.

We also update our views on CSI-RS pattern design, including:
· CSI-RS pattern should be uniformly repeated in whole frequency wideband.
· Intra-cell multiplexing of CSI-RS should be FDM or TDM+FDM.
· Any MBSFN-capable downlink subframe in both FDD and TDD can be used for CSI-RS transmission, no matter whether any of these subframes are configured as MBSFN subframes; the  non-MBSFN-capable subframes available for CSI-RS transmission are listed as below:

· In FDD, there can be two options.

· None of non-MBSFN-capable subframes can contain CSI-RS; or

· The non-MBSFN-capable subframes, except the ones in configuration-selective subframe set {5,9}, {4,5,9} or {0,4,5,9}, can be used to transmit CSI-RS; CSI-RS is not transmitted in case of collision between CSI-RS and PSS/SSS/PBCH, or it is not allocated to RE used by PSS/SSS/PBCH at all. 
· In TDD, the non-MBSFN-capable subframes, except the ones in configuration-selective subframe set {0,5} or {0,1,5,6}, can be used to transmit CSI-RS; CSI-RS is not transmitted in case of collision between CSI-RS and PSS/SSS/PBCH, or it is not allocated to RE used by PSS/SSS/PBCH at all.
· CSI-RS should avoid collision with Rel9/10 DMRS RE, but can be transmitted in Rel9/10 DMRS symbols.

We also provide several CSI-RS patterns under FDM and FDM+TDM for further study. 
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 Appendix A. 
	Simulation Parameters
	Rel-10  SU-MIMO PDSCH performance of CSI-RS pattern
	Impact of CSI-RS puncturing on legacy Rel-8 PDSCH performance

	Carrier frequency Transmission bandwidth
	2 GHz  
5 MHz

	UE antenna configuration
	2 Rx uncorrelated

	eNB antenna configuration
	4 Tx uncorrelated
	2 Tx uncorrelated  

	Channel model, UE velocity
	SCM  3 km/h

	PDCCH / PDSCH configuration
	3 / 11 OFDM symbols per subframe

	Scheduling in time
	Scheduling in every downlink sub-frame

	Channel coding (PDSCH)
	Rel-8 turbo coding

	Number of allocated PRB
	4 PRB (contiguous allocation)

	MCS, HARQ & link adaptation 
	  AMC+no HARQ
	AMC+no HARQ

	Detector
	MMSE 
	Alamouti

	Precoding/feedback granularity 
	4 PRB 

	Transmit precoding/feedback
	Rel8 codebook
	SFBC

	Transmission rank
	Rank-1
	

	Common reference signal configuration
	2 port Rel-8 CRS in every sub-frame

	CSI-RS allocation
	Full bandwidth, single sub-frame

	CSI-RS duty cycle configuration
	10 ms interval

	CQI/PMI reporting delay modeling
	five subframes between time of measurement at UE and use for precoding at eNodeB 

	CSI-RS reference patterns 
	Pattern 1-4 in Figure 1 

	Channel estimation for CQI/PMI selection
	2DMMSE Channel estimation over CSI-RS for CQI/PMI selection 
	2DMMSE Channel estimation over CRS for CQI

	Channel estimation for demodulation
	Ideal channel estimation

	Simulation output
	PDSCH throughput vs. SNR. 


Table 1 CSI-RS simulation Parameters
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