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1. Introduction

In RAN1 #56 meeting, it was agreed to employ both common and dedicated reference signal for measurement and demodulation purpose, respectively. The common reference signal (CRS) will be employed for the measurement of CQI, PMI and RI, and sparsely spread to time and frequency domain to minimize RS overhead. Since the CSI feedback may have long-term periodicity, the LTE-A CRS can be transmitted with low duty cycle. On the other hand, the DRS should be transmitted in UE-specific manner for each LTE-A PDSCH transmission for demodulation and it should be precoded with same precoder for unicast traffic so that DRS overhead can be reduced in lower rank transmission.
In this contribution, further details of downlink reference signal will be studied with link level performance evaluation.

2. Candidates of LTE-A CRS transmission
The CRS transmission for LTE-A should be transparent to an LTE UE and the overhead should be reasonable. Two types of CRS transmission have been discussed so far such as reserving CCEs in PDCCH region and reserving REs in PDSCH region. 
· Alternative 1: reserving CCEs in PDCCH region for LTE-A CRS [1]
The LTE-A CRS could be transmitted in PDCCH region by reserving a bunch of REGs or CCEs for the RS. The reserved REGs or CCEs could be unused PHICH or PDCCH in a subframe. This type of CRS can be transmitted in any subframe so that it can support various number of duty cycle of CQI/PMI/RI feedback. Furthermore, it is backward compatible to Rel-8 UE without interference from LTE-A CRS. However, following drawbacks should be also taken into account.

· Potential scheduling restriction from the reservation of logical CCE for LTE-A CRS transmission.

· High UE implementation complexity for channel estimation due to time-varying LTE-A CRS position.

· Low channel estimation quality due to CCE interleaver which is not optimized for channel  estimation.

· Alternative 2. reserving REs in PDSCH region for LTE-A CRS [2]-[3]
A number of REs in PDSCH region can be reserved for LTE-A CRS transmission and it is not seen by LTE UE, thereby degrading performance of LTE UE. However, this performance degradation of legacy UE due to LTE-A CRS interference can be handled by rate matching in eNB [2]. In addition, the receiver complexity is also relatively lower since the LTE-A CRS position can be fixed in a subframe. Therefore, it is worthwhile to further investigate the impact of LTE-A CRS transmission in PDSCH region whether its impact to a legacy UE is tolerable.
3. Impact of LTE-A CRS transmission in PDSCH
Reserving REs in PDSCH for LTE-A CRS transmission may harm seriously the performance of LTE UE since the reserved REs are regarded as date RE to the legacy UE so that the legacy UE will try to decode the LTE-A CRS. Therefore, it should be further investigated whether it can be employed with reasonable performance loss of the legacy UE and what is the appropriate number of REs reserved for LTE-A CRS. Following three examples of CRS pattern in figure 1 are evaluated according to the CRS power level. As a transmission scheme for legacy UE, rank-1 SFBC (TxD) is employed with 2Tx virtual antenna setup. Note that legacy 2Tx and 4Tx transmission can be implemented with virtualization.
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Figure 1. Examples of CRS pattern according to the number of RE reserved for LTE-A CRS.
Three different CRS power levels are assumed in the simulation and the CRS power levels are defined as the ratio of the LTE-A CRS EPRE (PLTE-A) to the PDSCH EPRE in the OFDM symbol without legacy CRS (PLTE) as shown in table 1. Further link-level simulation parameters are shown in table 2.

Table 1. LTE-A CRS power ratio
	
	PLTE-A/PLTE

	Case-1
	1/8

	Case-2
	1/4

	Case-3
	1/2

	Case-4
	1


Table 2. Simulation parameters

	Parameter
	Assumption

	OFDM parameters
	5 MHz (300+1 subcarriers)

	Subframe length
	1 ms

	Resource block size
	12 subcarriers x 10 OFDM symbols

	Number of resource block
	3

	Channel Models
	6-ray TU (60km/h)

	Modulation schemes and 

channel coding rates
	QPSK (R=1/3, R=1/2, 3/4)

	Channel Code
	Turbo code: max-log-MAP

	Antenna configuration
	[2Tx, 2Rx] for legacy UE

	Spatial correlation (Tx, Rx)
	(0.5, 0.0) 

	MIMO Transmission scheme
	TxD (SFBC)

	Channel Estimation
	Perfect channel estimation

	RB allocation
	RB-level distributed mode


The following figures 2 and 3 show the performance of legacy TxD according to the number of RE, LTE-A CRS power level and MCS level. As shown in the figures, the performance degradation gets more serious as the number of reserved RS becomes larger and the LTE-A CRS power level goes higher. Since the LTE-A CRS move out some information of legacy UE by replacing data RE to LTE-A CRS, high coding rate MCS shows larger SNR loss.
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Figure 2. BLER performance of TxD according to the number of RE with Case-1 and Case-2
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Figure 3. BLER performance of TxD according to the number of RE with Case-3 and Case-4

As shown in the figures, 4REs or less number of REs reservation in an RB seems to be reasonable as a  number of reserved REs in PDSCH for LTE-A CRS transmission and the LTE-A CRS power ratio should be set as low as possible.
4. Conclusions
In this contribution, we discussed on downlink reference signal for higher order MIMO and showed link level evaluation results of LTE-A CRS transmission under the various scenarios. From the observation, we may conclude as follows:

· For LTE-A CRS transmission, reserving REs in PDSCH region seems to be feasible in condition with
· Reasonable number of reserved REs for for LTE-A CRS transmission. From our evaluation, 4REs or less number of RE seems to be tolerable.
· The power level of LTE-A CRS should be limited to a certain level due to severe interference

· Coding rate should be handled with rate matching when LTE-A CRS is transmitted in legacy PDSCH region.
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