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1 Introduction

In the last RAN 4 meeting discussions took place on the PDSCH test conditions for the definition of the UE demodulation performance requirements. One important point which needs to be discussed is the CRS SNR value which needs to be considered in the test set up.

This paper provides system level simulation results on CRS SNR for various conditions. It is proposed that these results are taken into account when discussing detailed test parameters for PDSCH demodulation tests. 

2 Results

The results are provided in terms of CDF of the SINR on the CRSs in case of  colliding CRSs and non colliding CRSs.

The case of colliding and non colliding CRSs is shown in figure 1.

Figure 1. Colliding and non colliding CRSs.
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The scenario we consider here includes a macro layer with 3 CRS shifts among the cells and a pico layer with 3 CRS shifts. Note that in scenario 3 macros and picos have different CIDs, therefore there is no CRS interference between the two layers.
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Figure 2. Network layout.
· Network layout

· 21 macro cells with 4 pico BSs per macro cell area

· Channel models

· UMa and UMi for macro to UE and LPN to UE

· The rest of assumptions are according to 3GPP TR 36.819 

We consider cases with 

· Full load: PDSCH is present in all cells. 

· Partial load: PDSCH present in some percentage of the cells

It should be noted that the full PDSCH load simulation is very similar to the case of colliding CRSs (CRSs with no shift) and 0% load correspond to the case when there is no interference on CRS (frequency shifted CRSs). In this simulation in fact the power level of PDSCH and CRSs is the same (the simulations measure the SINR based on path loss and antenna gains).
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Figure 3. CDF of SINR.

The simulation results are in line with those shown previously in RAN 1 in [1].
While in case of non colliding CRSs the CRS SINR is always > -2 in case of colliding CRSs the SINR is comprised between -11/-12dB up to 25dB. The probability of CRS SINR lower than -2dB is non negligible, i.e. ~20%. In previous papers [2] we have shown that CRS based frequency error correction breaks for CRS SINR<-2/-3dB. Hence if CRSs are considered as the basis for frequency error correction 20% of the case there will be a substantial performance drop due to incorrect frequency error estimation. 

Hence, it is important that RAN 4 take these SINR conditions into account when defining PDSCH performance requirements, i.e. a colliding CRS case with SINR~-8dB need to be considered for the test set up. 

Additionally Figure 4 shows the effect on PDSCH. 
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Figure 4. Non shifted CRS. Throughput performance.

Figure 4 shows the performance for the following scenario (thoughput vs SNR of the PDSCH and serving CRS):

· 2 transmission points with different cell IDs are considered. TP1 and TP2 both transmit CRS. PDSCH/DM-RS are transmitted from a single TP, the LPN. CRSs are frequency shifted and hence CRSs will introduce interference to PDSCH region. The UE is at the border region between LPN with an extended range, which motivates the high level of interference on CRS from LPN. The cell is small which guarantees that a sufficiently high data SNR can be achieved.

· Under this test the following characteristics are considered.
· Antenna configuration: 4x2, Rank 2
· Propagation channel: EVA5
· System bandwidth: 5 MHz.
· CRS-SNR = aggressor cell CRS has a power level 3 dB higher than the serving cell CRS (and PDSCH).
· PDSCH PRB allocation: 6PRB
· Frequency error between TPs= 200Hz
· Timing error: 0 timing error can be considered for this test. 
· Modulation and coding scheme = 64QAM, ¾. 
· Metric: Throughput vs SNR should be considered initially before defining a test point
· Baseline algorithm: CRS for frequency error, CRS-IC to remove interference on PDSCH region and DM-RSs for SNR estimation.
· CSI-RS: The number of CSI-RS processes is equal to 1.
It is proposed that RAN 4 considers also the case of non colliding CRS for the definition of PDSCH demodulation performance.

According to Figure 3, under this case the CRS SINR conditions are not problematic and CRS-based frequency error correction can be considered. However, Figure 4 shows that CRS-IC which is now colliding with PDSCH is degrading considerably the performance and can limit  considerably the deployment possibility of CoMP.
3 Conclusions

In this document we provide system level results on the CRS SINR for the case of colliding and non colliding CRSs. Additionally simulations results show also the performance degradation due to frequency shifted CRSs which are now colliding with PDSCH region.

Hence, it is important that RAN 4 take these SINR conditions into account when defining PDSCH performance requirements, i.e. a colliding CRS case with SINR~-8dB need to be considered for the test set up. 

It is proposed that RAN 4 considers also the case of non colliding CRS for the definition of PDSCH demodulation performance, where CRS-IC is needed in order to cancel the interference of CRS on PDSCH.
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Shifted CRS-only interference (CRSs hit data)





Non-shifted CRS-only interference (CRSs hit CRSs)
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