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1. Introduction
At the last RAN1 meeting, in order to identify new UE performance requirements in Rel-11, performance improvements employing CRE were discussed. The following were the discussion points at the meeting.

· Influence of CRS interference
· CRS canceller at UE (including Tx-based solutions)

For further investigation, simulation assumptions were agreed upon in [1]. This contribution investigates the improvement in performance when using CRE considering CRS interference. It is noted that code block segmentation and the use of a CRS canceller are not taken into account in the evaluation. 
2. Simulation Conditions
We followed the major simulation parameters in [1] as shown in Table I below.  
Table 1 – Simulation Conditions.

[image: image1.emf]Rel-10 receiver (No CRS cancelation, MMSE-option 1) UE receiver

Transmission mode 9 Transmission mode

Full buffer Traffic model

Configuration 1 UE distribution

Macro Pico

Cellular layout

19 cell sites, 

3 sectors per site

4 picocells

per sector

Moving speed 3 km/h

Total eNodeB Tx power 46 dBm 30 dBm

Antenna configuration 2 x 2 (Uncorrelated)

Carrier frequency 2 GHz

System bandwidth 10 MHz

Scheduling algorithm Proportional fairness

Control delay (scheduling, AMC) 8 msec

Hybrid ARQ (Packet combining) Chase combining

Round trip delay (Hybrid ARQ) 8 msec

Rel-10 receiver (No CRS cancelation, MMSE-option 1) UE receiver

Transmission mode 9 Transmission mode

Full buffer Traffic model

Configuration 1 UE distribution

Macro Pico

Cellular layout

19 cell sites, 

3 sectors per site

4 picocells

per sector

Moving speed 3 km/h

Total eNodeB Tx power 46 dBm 30 dBm

Antenna configuration 2 x 2 (Uncorrelated)

Carrier frequency 2 GHz

System bandwidth 10 MHz

Scheduling algorithm Proportional fairness

Control delay (scheduling, AMC) 8 msec

Hybrid ARQ (Packet combining) Chase combining

Round trip delay (Hybrid ARQ) 8 msec


Figure 1 shows the frame structure employed in the evaluation. According to the following assumptions, we calculate the SINR as in (1).
· Transmission mode 9, i.e., CRS is not used for demodulation of PDSCH 

· PDCCH spans 3 OFDM symbols
· Planned cell ID layout for macrocells, random cell ID layout for picocells
· Interference model as described in Alt. 2 (For each code block, average interference level over all relevant REs. Use the average as common noise level of each RE in effective SINR calculation)

· Code block segmentation is not assumed
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	(1)


,where,  = 0 for the case with no CRS interference. When CRS interference is taken into account,  = 0 for the same CRS shift and  = 1/9 for a different CRS shift. 
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Figure 1 – Frame structure


In the evaluation, for simplicity, the ideal CQI defined in (1) is assumed to be known at the Node B, which may correspond to employing outer-loop control. Furthermore, the CRS canceller is not employed in the evaluation. 
3. Performance Evaluation
Figures 2(a), 2(b), 2(c), and 2(d) respectively show the cell-edge (5%), 50%, 95% user throughput, and cell throughput as a function of the ratio of protected subframes for 3GPP model-1 TU. The CRE offset value, , is set to 0, 6, 12, and 18 dB. From Figs. 2(a) and 2(b), the cell-edge and 50% user throughput are degraded by taking the CRS interference into account for  = 18 dB case, although the cell-edge and 50% user throughput are almost the same until  = 12 dB. The 95% user throughput is almost the same for all cases as shown in Fig. 2(c). Furthermore, the cell throughput is slightly degraded for all cases as shown in Fig. 2(d). This is because the contribution of CRS interference becomes large due to the decrease in the  other interference components. 
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(a) Cell-edge user throughput
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(b) 50% user throughput
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(c) 95% user throughput
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(d) Cell throughput

Figure 2 – Throughput performance as a function of ratio of protected subframes (3GPP model-1 TU).
In order to assess the performance degradation, the degradation in the distribution of geometry for UEs connecting to the picocells taking the CRS interference into account is investigated. Figure 3 shows the CDF of G, i.e., the difference in geometry of the protected subframes with and without CRS interference (G = GwCRS – Gw/oCRS), where GwCRS and Gw/oCRS represent the geometry of protected subframes with and without CRS interference, respectively. The CRE offset value is 18 dB, and the ratio of protected subframes is assumed to be 0.5. As shown in the figure, approximately 20% of the UEs connected to the picocells suffer from severe degradation in geometry of more than 5 dB. Furthermore, Figure 4 shows the distributions of GwCRS in addition to G. As shown in the figure, even when the G is small, GwCRS is distributed up to 20 dB, which indicates that the throughput degradation is not limited to the cell-edge UEs. 
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Figure 3 – CDF of difference of geometry with and without CRS interference.
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Figure 4 – Distributions of GwCRS, and G.
Finally, Figure 5 shows the CDF of the user throughput with CRS interference normalized by that without CRS interference. From the figure, for only approximately 10% of the UEs connected to the picocells, the performance is degraded by more than 20%. Therefore, the performance degradation is not so significant as shown in Fig. 2. 
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Figure 5 – Throughput degradation considering CRS interference.

4. Conclusion

· This contribution investigated the performance degradation caused by CRS interference following the agreed assumptions. The investigation results show that the degradation is not so large even when the CRS canceller is not employed. However, further investigation is necessary considering the following items.
· Non-ideal CQI, and outer-loop control
· Code block segmentation

If the performance degradation is significant, performance improvements for applying the CRS canceller are further needed.
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