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1. Introduction 
TR36.814 [1] states that CSI-RS is punctured into the data region of the normal/MBSFN subframes. This implies that the CSI-RS is not superposed onto PDSCH. On the other hand, in terms of PDSCH encoding on CSI-RS subframes, there are two possiblities: 

1. Puncturing: eNB punctures modulation symbols corresponding the CSI-RS locations

2. Rate matching: eNB rate matches code blocks, and resulting modulation symbols are mapped around the CSI-RS locations.

For Rel-8 UE, it is obvious to apply the puncturing option. However, for Rel-10 UE, the rate matching option may be more rational since the Rel-10 UE knows the location of CSI-RS. In this contribution, we evaluate the throughput performance of the two options for Rel-10 UE.
2. Performance Evaluation

Simulation parameters are shown in Annex. Simulations were performed assuming fixed MCS with 25 levels, and throughput curves were obtained by plotting the maximum throughput value among all MCS at each SNR. Figures 1 (a) and (b) show the throughput performance of 2-by-2 SFBC transmission for the bandwidth of 5 RB and 100 RB, respectively. The throughput performance was averaged over CSI-RS subframes. Three cases were compared: Rel-8 UE with puncturing, Rel-10 UE with puncturing, and Rel-10 UE with rate matching. Throughput performance without CSI-RS insertion was also evaluated as a performance reference. The performance degradation due to puncturing is different between Rel-8 and Rel-10 UE since Rel-10 UE knows the location of CSI-RS, which can be taken into account in the decoding process, i.e., Log Likehood Ratio (LLR) corresponding CSI-RS location is set to zero. Figure 1(a) shows similar performance between Rel-10 UE with puncturing and Rel-10 UE with rate matching. On the other hand, Figure 1 (b) shows the performance degradation of Rel-10 UE with puncturing compared with Rel-10 UE with rate matching. This is due to large transmission bandwidth as explained by Figure 2, where for a large bandwidth, code block segmentation causes one code block mapped to the resource elements which spans one OFDM symbol. If CSI-RS is located on the OFDM symbol, performance degradation becomes more significant due to high puncturing density on the code block.
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       (a) 4 RB allocation                                                      (b) 100 RB allocation
Figure 1 – Throughput performance for CSI-RS subframes
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Figure 2 Code block segmentation and mapping to resource elements

3. Conclusion
This contribution discussed encoding of PDSCH of CSI-RS subframes for Rel-10 UE. Due to the performance degradation for large transmission bandwidth, we propose that Rel-10 specification adopt rate matching for PDSCH of CSI-RS subframes. 
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Table 1 – Simulation Conditions
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Carrier frequency 2 GHz

Transmission bandwidth 5 MHz

eNB antenna configuration 2 Tx uncorrelated

UE antenna configuration 2 Rx uncorrelated

Channel model 3GPP-TU

UE velocity 3 km/h

PDCCH / PDSCH configuration 2 / 12 OFDM symbols per subframe

Scheduling in time Scheduling in every downlink sub-frame

Channel coding (PDSCH) Rel-8 turbo coding, CBRM

Number of allocated PRB 4 PRB (contiguous allocation)

MCS, HARQ & link adaptation Rel-8 MCS, HARQ & link adaptation enabled

Detector MRC

Transmit precoding/feedback Rel-8 SFBC transmit diversity

Transmission rank 1

CSI-RS allocation Full bandwidth, single sub-frame

CSI-RS duty cycle configuration 10 ms

CSI-RS density 8 RB/PRB

CQI/PMI reporting delay modeling 8 TTI processing delay

10TTI reporting interval

Channel estimation for CQI/PMI 

selection

Channel estimation over Rel-8 CRS for CQI/PMI selection 

Simulation output Throughput for fixed MCS
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