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1 Introduction

CoMP operation in heterogeneous deployment is being discussed in LTE-A Rel-11 [1]. The heterogeneous deployment includes two categories: low power node (LPN) has distinct cell ID from macro cell (CoMP scenario 3) and low power node has identical cell ID with macro cell (CoMP scenario 4). This contribution discusses the potential performance difference between CoMP scenario 3 and 4.
2 Demodulation Performance Comparison
2.1 JT Performance: CRS-PDSCH Collision
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Figure 1. JT Operation Illustration
JT operation is illustrated in Figure 1. In scenario 3, the CRS-PDSCH collision is a problem for JT operation, namely the signal from different cells can not combine coherently in the air, because CRS positions from different cells can be different. Our evaluation results [2] show JT achieves good performance gain. Therefore, we think JT needs to be supported. CRS-PDSCH collision issue is worth to discuss.
One solution would be to configure the cells in one coordination area have the same CRS position. In that case, following 2 aspects would be considered: a) the CRS-CRS interference would occur instead of CRS-PDSCH interference; and b) the PDSCH from different cells can naturally combine coherently.
Some remaining point is the above solution applies restriction on network deployment. It is not so clear, e.g., if there is enough number of cell IDs for such deployment.
2.2 CB Performance: Interference cancellation gain
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Figure 2. CB Operation Illustration
The operation of coordinated beamforming is shown in Figure 2. For CB operation, an important factor to impact demodulation performance is if the UE could measure the interference from paired UE (associated with another TP). If the interference can be measured accurately, the UE can apply receive beamforming to reject interference.

We note that in scenario 4, orthogonal DMRS OCC with limited possibilities of scrambling sequence is assigned. Therefore, the interference measurement is quite accurate because the UE can blindly detect the OCC and scrambling sequence of the paired UE. On the other hand, in scenario 3, the number of possible DMRS sequences of the paired UE is much larger than the case in scenario 4, therefore the estimation of interference covariance is either more complicated or less reliable than the case in scenario 4. To consider common DMRS sequence on specific UEs might be one option. The exact gain is still for further investigation.
3 PDCCH Overhead Comparison

This section discusses the PDCCH overhead difference between CoMP scenario 3 and 4. The impact of E-PDCCH on overhead comparison is not analyzed in this contribution.
As illustrated in Figure 3, in scenario 3, the PDCCH is transmitted from one TP only; in scenario 4, the PDCCH can be transmitted from all TPs simultaneously. Therefore, in scenario 3, some PDCCH is offloaded to LPN, and the UEs close to LPN may enjoy smaller control region symbol; while in scenario 4, all UEs share the same number of control region symbol. On the other hand, in scenario 4, the PDCCH enjoys SFN gain while scenario 3 does not, therefore smaller number of CCEs per UE. In general, the difference is spatial reuse gain (scenario 3) vs. SFN gain (scenario 4).

In general, the gain of SFN or spatial reuse varies with environment and simulation assumptions. For example, in scenario 3, if CRS from different TPs are configured with the same position, the spatial reuse gain is less than the case that CRS are configured with different positions. For another instance, in scenario 4, SFN gain may be not significant if channel model is TU with spatially i.i.d. channel, because in this case diversity gain is already high (therefore further increasing single user’s PDCCH reliability does not bring much gain). But with SCM channel modeling, SFN gain may be more effective. A further example is UE dropping. Spatial reuse gain performs better in configuration 4b than in configuration 1, because it is easier to separate users in 4b.
Considering the above factor, we tend to think that PDCCH overhead comparison would not bring significant difference. The final view shall be based on more detailed numerical analysis, but expect the difference of the deployment has more impact on the decision.
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Figure 3. PDCCH/PDSCH connection for scenario 3 and 4.
4 Measurement/Feedback Comparison

As we discussed in another contribution [3], the measurement/feedback mechanism of scenario 3 and 4 are roughly the same (except certain forward signaling to indicate UE which CSI-RS ports to be measured on). Therefore the performance difference due to measurement/feedback may be marginal.
5. Conclusions
In this document, we compare CoMP scenario 3 and 4 from three different aspects: demodulation, PDCCH overhead and measurement. Based on the analysis so far, the performance difference between scenario 3 and 4 doesn’t seem very significant.
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