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1 Introduction
During the previous meeting the following way forward was agreed ‎[1]
·  RS targeting PDSCH demodulation (for LTE-A operation) are 

· UE specific

· Transmitted only in scheduled RBs and the corresponding layers

· Different layers can target the same or different UEs

· Design principle is an extension of the concept of Rel-8 UE-specific RS (used for beamforming) to multiple layers

· Details on UE-specific RS pattern, location, etc are FFS

· RSs on different layers are mutually orthogonal

· RS and data are subject to the same precoding operation

· complementary use of Rel-8 CRS by the UE is not precluded
In this contribution, we examine a possible complementary use of the Release 8 CRS.  The basic idea of the CRS/DRS design is to allow for both the CRS and the DRS to be used simultaneously when multiple streams are transmitted.  Some streams would be transmitted using just the release 8 CRS (and possibly the release 8 Codebook) while others would be aligned with the additional DRS.  This allows the CRS overhead to be used effectively, while minimizing the increased overhead due to the additional DRS.  
We find that the use of both CRS and DRS can significantly improve performance/reduce overhead, and therefore believe that such a scheme should be strongly considered for LTE-A. 
2 Schemes considered

In this contribution we assume an 8 transmit system with either 4 or 8 receive antennas.  We consider 2 different schemes for transmission

1) The DRS are precoded along with the data streams. 
· The precoder is chosen based on either codebook feedback using 4, 6 or 8 bit codebooks or using the infinite feedback SVD precoder.  
2) The DRS are precoded along with some data streams, other data streams are transmitted using the Release 8 methodology (CRS and codebook).

· The precoder is chosen based on an 8 bit codebook feedback, which is built by concatenating two Release 8 codebooks together.  Effectively this means that the release 8 codebook is feedback based on the first 4 CRS and a second release 8 codebook is feedback on transmit antennas 5-8.  Any layers transmitted using the second PMI are accompanied with DRS.  The division of layers between the CRS and the DRS is assumed fixed based on the rank of the channel.  This ensures that the feedback rate is the same for both schemes.
3 Performance Evaluation

In this section, we present some link level analysis of the two schemes mentioned above.  For the DRS only schemes, we consider 4 different granularities of feedback, 4 bit, 6 bit, 8 bit codebooks and infinite SVD codebook.  The feedback is assumed to be chosen perfectly with a 3ms delay.  

We use Goodput as our metric.  First the BLER using link to system mappings for different channels was generated.  The overhead for the different schemes were calculated and the Goodput was generated using the following formula.
Goodput = CMCS*(1-BLER) * (1 - %CP) * (1 - %BW unused) * (1 -% control - %CRS – LDRS*%DRS )




= CMCS*(1-BLER) * 0.84*(0.71 – LDRS/28 )

Where LDRS is the number of DRS layers present, and CMCS is the capacity of the MCS used (i.e. Log2(QAM)*rate) .  These Goodputs were then averaged over a large number of independently generated channels.  
Table 1: Simulation Assumptions
	MCS used
	QSPK, 16 QAM, 64 QAM

Rate 1/6, 1/3, ½, 2/3, ¾, 4/5

	DRS overhead
	1/28 per layer (6 RE per layer per RB) ‎[3]

	CRS overhead
	1/7 for 4 Tx CRS

	Control overhead
	2 symbols

	Feedback granularity
	2 RB

	Allocation Size
	2 RB

	Channel
	TU, uncorrelated 8x8, 3 km/h

	BW
	5 MHz

	Feedback Delay
	3 ms

	Codebook used
	4 bit from ‎[4]
6 bit from ‎[5]
8 bit computer generated from QPSK symbols

	CSI
	Assumed perfectly known

	Rank Adaptation
	Assumed perfect with 3 ms delay

	MCS adaptation
	Assumed perfect with 3 ms delay

	Link to System Mapping
	Constrained Capacity to AWGN curves

	CP overhead
	(6*9+10)/(7*128 + 6*9 +10)= 1/ 15  = 6.6%

	BW unused
	0.1 

Approximate value based on unused spectrum in guard bands

	Layer division for Mixed Method
	Rank
	1
	2
	3
	4
	5
	6
	7
	8

	
	CRS layer
	0
	1
	2
	3
	3
	4
	4
	4

	
	DRS layer
	1
	1
	1
	1
	2
	2
	3
	4
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Figure 1 Goodput Results for 8x8 TU uncorrelated.
The performance of the mixed mode scheme outperforms all the codebook-based designs at all SNRs, and for SNR greater than 7 dB even outperforms perfect SVD feedback.  This is due to the substantially lower overhead needed to achieve high layer transmission., as well as the large effective codebook size (4 + 4 =8 bit codebook).  In Table 2 below we see the relative performance between a 8 bit codebook design and the mixed mode performance.  We see that gains of 5-30% are achievable with comparable complexity.
Table 2 Performance comparison of Mixed mode and 8 bit codebook
	SNR
	-5 dB
	5 dB
	15 dB
	25 dB

	Performance improvement 
	5.13 %
	16.7%
	24.2%
	30.6%


Note that due to the relatively higher density of CRS, as well as the ability to interpolate from neighboring RB, when real channel estimation is considered mixed mode performance is expected to perform relatively better than observed above.
4 Conclusions

In this contribution, we considered the performance of a complementary CRS scheme in which the CRS are used in conjunction with the DRS.  We find that due to the significantly reduced overhead the performance of the combined scheme is significantly better than only using DRS.  For this reason we believe that such a scheme should be considered for LTE-A transmission.
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