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1. Introduction
In RAN1#57, the following agreement on Rel-10 CSI RS was made [1]:
· No mixed use of Rel-8 CRS and Rel-10 CSI RS for a configured Rel-10 CSI measurement of a given cell at Rel-10 UE (for all possible number of antenna ports in the cell)
· For the configured CSI measurement the UE measures either on Rel-8 CRS or on Rel-10 CSI RS for the given cell.

· 8 Rel-10 CSI RS can be configured for Rel-10 CSI measurements in a given cell

· For this case of Rel-10 CSI measurements, only the 8 Rel-10 CSI RS are used for the CSI measurements corresponding to the given cell

· Mixed use of Rel-8 CRS and Rel-10 CSI RS for a configured CSI measurement of a given cell at Rel-10 UE is not precluded if some benefits can be clearly shown, e.g., overhead reduction and performance improvement 
While progress was made on 8 Rel-10 CSI RS, consensus has not been achieved on the design principle for 1/2/4 Rel-10 CSI RS. In this document, we show our views on this issue.
2. Design Principle of Rel-10 CSI RS
2.1. 1 Rel-10 CSI RS
It is noted that at least 1 Rel-8 CRS shall be used in Rel-10, for PDCCH and PBCH decoding. Therefore, for 1 Rel-10 CSI RS, we prefer to reuse Rel-8 CRS as the Rel-10 CSI RS.

If the Rel-8 CRS can be used, additional Rel-10 CSI RS overhead is not necessary. Moreover, the sparseness in time of Rel-10 CSI RS will introduce some unnecessary latency in CSI measurements. Hence, In case the total number of antenna ports for LTE-A CSI is the same as the number of antenna ports for Rel-8 CRS, Rel-8 CRS is used as CSI RS without any additional CSI RS overhead.
2.2. 2 Rel-10 CSI RS

With 2 Rel-10 CSI RS, the number of Rel-8 CRS can be either 1 or 2. Table 1 shows the overall overhead including Rel-8 CRS and control symbols, with normal CP. Note that the 2 Rel-10 CSI RS overhead is not included. With 64QAM and a coding rate of 0.95, Table 2 shows the R8 DL peak spectral efficiency with 1 and 2 antenna ports. The required LTE DL peak spectral efficiency of 5 bps/Hz [2] can be met with 2 Rel-8 CRS. In addition, keeping 2 Rel-8 CRS ensures that Rel-9 dual layer beamforming is forward compatible with Rel-10. Further benefit of having 2 Rel-8 CRS includes better PDCCH/PBCH detection performance and measurement performance, as compared to 1 Rel-8 CRS. Therefore, in case of 2 Rel-10 CSI RS, we prefer to reuse 2 Rel-8 CRS as the Rel-10 CSI RS, without any additional CSI RS overhead.
Table 1: Overhead for 1 and 2 antenna ports
	
	Overall Overhead

	Rel-8 CRS
	PCFICH = 1
	PCFICH = 2
	PCFICH = 3

	1
	10.71%
	17.86%
	25%

	2
	14.29%
	21.43%
	28.57%


Table 2: R8 DL peak spectral efficiency for 1 and 2 antenna ports, (64 QAM, coding rate 0.95)
	
	Peak Spectral Efficiency (bps/Hz)

	Rel-8 CRS
	PCFICH = 1
	PCFICH = 2
	PCFICH = 3

	1
	4.75
	4.37
	3.99

	2
	9.12
	8.36
	7.60


2.3. 4 Rel-10 CSI RS

With 4 Rel-10 CSI RS, the number of Rel-8 CRS can be 1, 2, or 4. Table 3 shows the overall overhead including Rel-8 CRS and control symbols, with normal CP. Note that the 4 Rel-10 CSI RS overhead is not included. Table 4 shows the R8 DL peak spectral efficiency assuming 64QAM and a coding rate of 0.95. 2 and 4 Rel-8 CRS ensures Rel-8 DL peak spectral efficiency is met; Rel-9 dual layer beamforming is forward compatible and PDCCH/PBCH decoding performance is guaranteed. 
In order to reduce RS overhead, turning off parts of R8 is suggested. However, this artificial restriction to Rel-8 UEs makes the Rel-8 UEs not get benefit from 4Tx SM. It can be inferred from Table 3 and Table 4, overhead saving is 2.38% while peak spectral efficiency loss is more than 48% for 4 TX antenna(with 2 antenna port). Obviously, it is not deserved that this marginal saving comes at the expense of peak spectral efficiency gain. Therefore, in case of 4 Rel-10 CSI RS, we prefer to reuse 4 Rel-8 CRS as the Rel-10 CSI RS, without any additional CSI RS overhead.

Table 3: Overhead for 1, 2 and 4 antenna ports
	
	Overall Overhead

	Rel-8 CRS
	PCFICH = 1
	PCFICH = 2
	PCFICH = 3

	1
	10.71%
	17.86%
	25%

	2
	14.29%
	21.43%
	28.57%

	4
	16.67%
	23.81%
	30.95%


Table 4: R8 DL peak spectral efficiency for 1, 2 and 4 antenna ports, (64 QAM, coding rate 0.95)
	
	Peak Spectral Efficiency (bps/Hz)

	Rel-8 CRS
	PCFICH = 1
	PCFICH = 2
	PCFICH = 3

	1
	4.75
	4.37
	3.99

	2
	9.12
	8.36
	7.60

	4
	17.73
	16.21
	14.69


2.4. 8 Rel-10 CSI RS

With 8 Rel-10 CSI RS, the number of Rel-8 CRS can be 1, 2, or 4. Table 5 shows the overall overhead including Rel-8 CRS, UE specific RS, and control symbols, with normal CP. Note that the 8 Rel-10 CSI RS overhead is not included. Table 6 shows the corresponding peak spectral efficiency. It is observed that Rel-10 DL peak spectral efficiency of 30 bps/Hz [3] can be met with 1 or 2 Rel-8 CRS in unicast subframe and 1, 2 or 4 Rel-8 CRS in MBSFN subframe, in which Rel-10 UE peak spectral efficiency is independent of Rel-8 CRS overhead. Further, given the benefits of having 4 Rel-8 CRS on the fulfillment of Rel-8 DL peak spectral efficiency and reliable detection performance of PDCCH/PBCH, we prefer to have 4 Rel-8 CRS with 8 Rel-10 CRI RS. 
Table 5: Overhead for 8antenna ports
	
	
	Overall Overhead

	
	
	Unicast subframe
	MBSFN subframe

	Rel-8 CRS
	UE specific RS
	PCFICH = 1
	PCFICH = 2
	PCFICH = 3
	PCFICH = 1
	PCFICH = 2

	1
	8 (24 REs/PRB)
	25%
	32.14%
	39.29%
	21.43%
	28.57%

	2
	8 (24 REs/PRB)
	28.57%
	35.71%
	42.86%
	21.43%
	28.57%

	4
	8 (24 REs/PRB)
	33.33%
	38.10%
	45.24%
	21.43%
	28.57%


Table 6: R10 DL peak spectral efficiency for 8 antenna ports, (64 QAM, coding rate 0.95)
	
	
	Peak Spectral Efficiency (bps/Hz)

	
	
	Unicast subframe
	MBSFN subframe

	Rel-8 CRS
	UE specific RS
	PCFICH = 1
	PCFICH = 2
	PCFICH = 3
	PCFICH = 1
	PCFICH = 2

	1
	8 (24 REs/PRB)
	31.92
	28.88
	25.57
	33.44
	30.40

	2
	8 (24 REs/PRB)
	30.40
	27.36
	24.32
	33.44
	30.40

	4
	8 (24 REs/PRB)
	28.37
	26.34
	23.31
	33.44
	30.40


3. PDCCH Performance with 1/2/4 Rel-8 CRS
In this section, we compare the PDCCH detection performance with 1/2/4 Rel-8 CRS. The link simulation parameters are listed in Table 7. Figure 1 shows that:

· 4x2 virtualized to 2 antennas has similar performance as 4x2 SFBC+FSTD
· Compared with 4x2 SFBC+FSTD, 4x2 virtualized to 1 antenna has some loss. This loss depends on the PDCCH format and ranges from 0dB to 1.5dB.

Table 7: Simulation parameters
	system bandwidth
	5M

	Scheme of transmission
	4×2(SFBC+FSTD)
2X2(SFBC) 
1X2

	virtualization
	4 to 2:group physical antenna {0,2},{1,3} with delay of 4 samples

4 to1: group 4 antennas with delay3,5,7samples

	UE antenna element spacing 
	0.5 lambda

	eNodeB antenna element spacing
	10 lambda

	Channel type
	PDCCH（1CCE/2CCE/4CCE/8CCE）

	Channel Model
	LTE-ETU(30km/h)

	Modulation
	QPSK

	Channel Estimation
	PERFECT

	Detection algorithm
	MMSE

	PDCCH Payload
	40 bits
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Figure 1 performance of PDCCH 

4. Conclusions
In this contribution, we discuss the relationship between Rel-10 CSI RS and Rel-8 CRS. Our preferences are:

· For 1 antenna port, 1 Rel-8 CRS is reused as Rel-10 CSI RS, without additional Rel-10 CSI RS overhead.

· For 2 antenna ports, 2 Rel-8 CRS is reused as Rel-10 CSI RS, without additional Rel-10 CSI RS overhead.

· For 4 antenna ports, 4 Rel-8 CRS is reused as Rel-10 CSI RS, without additional Rel-10 CSI RS overhead.
· For 8 antenna ports, 4 Rel-8 CRS exists and additional 8 Rel-10 CSI RS is used for measurement.
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