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1 Introduction
In the duty-cycled based CSI-RS transmission scheme, it is commonly assumed that the CSI-RSs, when present in a subframe, are transmitted in every RB, e.g. with frequency density of 1 for every 6 subcarriers for each antenna port [1][10]. 
We consider a CSI-RS design scheme whereby the CSI-RSs are only transmitted in a subset of RBs even for the duty-cycled based CSI-RS transmission scheme. The RBs containing the CSI-RSs are regularly spaced over the system bandwidth. This idea was present in [3] and [11]. 
In this contribution, we provide further analyses and simulation results. We show that transmitting CSI-RSs only in a subset of RBs can be an effective way to:
· Keep the CSI-RS overhead to a manageable level, particularly in CoMP operation scenarios
· Provide a means to coordinate CSI-RS intercell interference for accurate CoMP CSI measurement
· Allow CSI-RSs of all layers/ports to be transmitted in the same subframe (no need to distribute the transmission to multiple subframes)
· Reduce the impact of CSI-RS on legacy UEs
whilst ensuring that the performance of Rel-10 UEs is not affected significantly.
2 CSI-RS design schemes
We consider the following CSI-RS design schemes:

Scheme 1: Every RB contains CSI-RSs.

Scheme 2: Only a subset of RBs contains CSI-RSs. RBs containing CSI-RSs are regularly spaced over the system bandwidth
Examples for Scheme 2 with three different ratios of total number of CSI-RS RBs over the whole system bandwidth (i.e. 1/2, 1/3 and 1/6) are illustrated in Figure 1 for 10MHz system bandwidth.
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Figure 1: Examples of Scheme 2 for 10MHz system bandwidth
Hereafter, we shall refer to Scheme 2 with ½ of RBs containing CSI-RS as Scheme 2 – 1/2, Scheme 2 with 1/3 of RBs containing CSI-RS as Scheme 2 – 1/3 and Scheme 2 with 1/6 of RBs containing CSI-RS as Scheme 2 – 1/6. Next, we analyse the advantages and disadvantages of Scheme 1 and Scheme 2.
2.1 CSI-RS Overhead 
Single-cell scenario
RS overhead analysis for single cell scenario was provided in previous contribution [11]. Table 2‑1 below shows the estimated CSI-RS overhead for the two schemes for transmission period of 2ms, 5ms and 10ms, assuming normal cyclic prefix, 2 REs occupied by CSI-RS per RB per antenna port and there are 8 TX antenna ports. 
Table 2‑1: CSI-RS overhead comparison of Scheme 1 and Scheme 2 for 8 TX antenna ports
	
	CSI-RS transmission period

	
	2ms
	5ms
	10ms

	Scheme 1
	~ 4.76%
	~ 1.90%
	~ 0.95%

	Scheme 2 – 1/2
	~ 2.38%
	~ 0.95%
	~ 0.48%

	Scheme 2 – 1/3
	~ 1.59%
	~ 0.63%
	~ 0.32%

	Scheme 2 – 1/6
	~ 0.79 %
	~ 0.32%
	~ 0.16%


As shown above, the CSI-RS overhead for Scheme 1 can be substantial (up to 4.76% for transmission period of 2ms), especially considering the possibility of the existence of 4 Rel-8 CRS and Rel-10 dedicated RS at the same time. Scheme 2 can be an effective way to keep the overall RS overhead low.

Multi-cell scenario (CoMP)

The CSI-RS overhead when it is used for CoMP CSI measurement can be much more severe. In CoMP operation, the UE would be required to measure the CSI-RSs of the CoMP measurement set. For accurate measurement of CSI-RSs, assuming non-CDM approach in CSI-RS multiplexing of the CoMP measurement set, the PDSCH REs that coincide with the CSI-RSs of the CoMP measurement set may need to be punctured [9]. Note that the overhead of CSI-RSs will scale linearly with the size of the CoMP measurement set. Table 2‑2 below shows the CSI-RS overhead considering CoMP measurement set of size 3.

Table 2‑2: CSI-RS overhead comparison of Scheme 1 and Scheme 2 for 8 TX antenna ports (CoMP measurement set of size 3)

	
	CSI-RS transmission period

	
	2ms
	5ms
	10ms

	Scheme 1
	~ 14.28%
	~ 5.70%
	~ 2.85% 

	Scheme 2 – 1/2
	~ 7.14%
	~ 2.85%
	~ 1.43%

	Scheme 2 – 1/3
	~ 4.76%
	~ 1.90%
	~ 0.95%

	Scheme 2 – 1/6
	~ 2.38 %
	~ 0.95%
	~ 0.48%


Clearly, the CSI-RS overhead of Scheme 1 can be excessive when one considers the CoMP scenario (up to 14.28% for transmission period of 2ms). In contrast, Scheme 2 can keep the CSI-RS overhead to a much more manageable level.
2.2 CSI-RS intercell interference coordination for CoMP
Scheme 2 can provide an effective method to coordinate CSI-RS intercell interference for CoMP. 
Interference between the PDSCH of the serving cell and the CSI-RS of the CoMP measurement set can be avoided if the PDSCH REs of the serving cell are punctured at locations where the CSI-RS of the CoMP measurement set are present. However, there is also a need to avoid the intercell interference among the CSI-RSs of the CoMP measurement set. 
There are many ways to coordinate the intercell interference among the CSI-RSs of the CoMP measurement set, e.g. by introducing cell-specific subcarrier offset or subframe offset to the CSI-RS placement [3]. Cell-specific RB offset can be introduced with Scheme 2 by ensuring the CSI-RS RBs of the CoMP measurement set do not overlap. An example for CoMP measurement set of size 3 with application of Scheme 2 – 1/3 is illustrated in Figure 2.
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Figure 2: Scheme 2 – 1/3 with support for CoMP measurement
2.3 Impact on PDSCH performance for Rel-8 UE
The performance impact of CSI-RS overhead on Rel-8 UEs has been evaluated extensively in numerous contributions [4]-[8]. With Scheme 2, the PDSCH performance degradation on Rel-8 UE due to the CSI-RS puncturing can be minimised by reducing the number of RBs containing the CSI-RS.
Furthermore, most companies seem to agree that a maximum of 8 REs per RB assigned for CSI-RS is acceptable. Note that Scheme 1 was assumed in reaching the conclusion. With the assumption of 2 CSI-RS REs per layer, this means that CSI-RS for up to 4 layers can be transmitted in a RB. To accommodate the CSI-RSs for up to 8 layers with Scheme 1, it has been proposed that the CSI-RS for 1-4 layers and 5-8 layers are transmitted in different subframes [6]

 REF _Ref237417863 \n \h 
[7].

On the other hand with Scheme 2, it will be possible to relax the constraint of 8 REs per RB since there are RBs that are free from the CSI-RSs in an RBG assignment. Hence, it may be possible to accommodate the CSI-RSs of all 8 layers in one subframe with Scheme 2 with acceptable performance loss to Rel-8 UEs (e.g. 16 REs per RB for CSI-RS).

2.4 Impact on CSI-RS measurement for Rel-10 UE

A potential issue for Scheme 2 is the performance loss compared to Scheme 1 due to reduced CSI measurement accuracy for link adaptation purpose as a direct consequence of reduced number of RBs available for CSI measurement. In [11], we provided some preliminary simulation results. In this contribution, we provide further simulation results for other channel conditions.

We investigate the potential performance degradation using 2x2 link layer simulation for 10MHz system, assuming closed-loop spatial multiplexing with rank fixed to 2 and PUSCH mode 3-1 for the UE feedback format (wideband PMI and subband CQI). Both the CSI-RS transmission period and PMI/CQI reporting period are assumed to be 5ms. The CSI-RS pattern is assumed to be the same as the Rel-8 CRS, hence the CSI-RS overhead is the same for Scheme 1 and Scheme 2 (Note that this assumption unfairly penalises the performance of Scheme 2 since CSI-RS overhead for Scheme 2 should actually be much smaller as discussed in Section 2.1). Scheme 1, Scheme 2 – 1/2, Scheme 2 – 1/3 and Scheme 2 – 1/6 are simulated with CSI-RS RB assignments as given in Figure 1 for Scheme 2. The detailed simulation assumptions are given in the Appendix. 
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Figure 3: Throughput performance comparison between Scheme 1 and Scheme 2 for ETU 3km/h
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Figure 4: Throughput performance comparison between Scheme 1 and Scheme 2 for ETU 30km/h
Our simulation results (Figure 3 and Figure 4) show that in general performance loss is incurred for Scheme 2 in the high SNR region. For ETU 3km/h channel, the performance losses at SNR of 15dB for Scheme 2 – 1/2 and Scheme 2 – 1/3 are about 1.3% and 4%, respectively, which can be considered small. However Scheme 2 – 1/6 suffers from about 11% loss in performance at SNR of 15dB. For ETU 30km/h channel, the performance loss of Scheme 2 is smaller. The performance losses at SNR of 15dB for Scheme 2 – ½, Scheme 2 – 1/3 and Scheme 2 – 1/6 are about 0.5%, 1.5% and 6.7%, respectively.

Based on the simulation results, Scheme 2 – 1/2 and Scheme 2 - 1/3 appear to be promising. 
3 Conclusions
In this contribution, we provided further analyses and simulation results for the following CSI-design schemes:
Scheme 1: Every RB contains CSI-RSs.

Scheme 2: Only a subset of RBs contains CSI-RSs. RBs containing CSI-RSs are regularly spaced over the system bandwidth

Our study shows that the performance degradation of Scheme 2 due to reduced number of RBs for CSI measurement can be small. We recommend RAN1 to study Scheme 2 further to exploit the following advantages it offers:
· Keep the CSI-RS overhead to a manageable level, particularly in CoMP operation scenarios
· Provide a means to coordinate CSI-RS intercell-interference for accurate CoMP CSI measurement
· Allow CSI-RSs of all layers/ports to transmitted in the same subframe (no need to distribute the transmission to multiple subframes)
· Reduce the impact of CSI-RS on legacy UEs
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Appendix – Simulation assumptions
	Parameter
	Assumption

	Transmission bandwidth
	10MHz

	Channel model
	ETU

	Antenna configuration
	2 x 2

	Antenna correlation
	Low

	CP
	Normal

	PDCCH configuration
	3 OFDM symbols

	Number of allocated PRB-pairs
	50

	Terminal speed
	3 km/h, 30km/h

	Receiver
	MLD

	Channel estimator
	Real channel estimator used for both demodulation and CSI measurement based on Rel-8 CRS pattern

	Channel coding
	Turbo coding

	MCS
	Adaptive

	HARQ
	Off

	Precoding
	Rel-8 codebook, wideband precoding

	Transmission rank
	2 (fixed)

	UE feedback mode
	PUSCH 3-1 mode (wideband PMI, subband CQI)

	CSI-RS pattern
	Assumed same as Rel-8 CRS

	CSI-RS duty cycle
	5 ms
























































