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Introduction
In RAN4#84 meeting, the group had discussed the simulation assumptions for CRS-IC receiver with network-based CRS interference mitigation in [1]. In this paper, we share our simulation results for the CRS-IC receiver under network-based CRS interference mitigation. 
[bookmark: _Ref178064866]Discussion
In [1], simulation assumptions are given. In Appendix I, the simulation assumptions are recapped. 
CRS-based transmission scheme
Cell-edge 
In Figure 1~Figure 2, simulation results for TM3 with QPSK are given. In Figure 1~Figure 2, simulation results for PRBs 0~9, PRBs 0~49 and PRBs 22~27 are given, respectively. For interference modelling, 0% load is given. It is corresponding to the CRS is muted except the center 6 PRBs in the interference cell(s). Since QPSK is used and the interference is much stronger than the serving cell signal, it can be assumed UE is in the cell-edge. 
As shown in Figure 1, there is no any performance degradation when CRS is muted when the PRBs 0~9 are allocated. On these PRBs, legacy UE may assume neighbor cell CRS is transmitted although there is no any CRS transmission on these PRBs in the neighbor cells. As state in [2], the output of coarse channel estimation is quite smaller since there is no any CRS transmission on these PRBS. It is equivalent to the channel has a very deep fading in the PRBs other than center 6 PRBs. The channel filter may be wrong due to some CRS is missing, and the resulted estimated channel may be not the exact channel. However, the interference which is composited by the channel itself and transmit signal is quite smaller. Thus, the interference mitigated is quite smaller. Therefore, there is no any impact for this allocation. 
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[bookmark: _Ref494110183]Figure 1: TM3 with QPSK and edge 10 PRBs are allocated
As shown in Figure 2, there are some performance degradation when the allocated PRBs are 0~6. For the center 6 PRBs, when the CRS is muted, the performance for the channel estimation of the edge of the center 6 PRBs may be degraded. It will lead to some performance degradation. However, the degradation is quite smaller. It is less than 0.3 dB. 
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[bookmark: _Ref494110190]Figure 2: TM3 with QPSK and center 6 PRBs allocation
As shown in Figure 3, the performance impact is reduced further when full allocation is performed. It should be noted that CRS-IC receiver can achieve performance gain compared with only network-based CRS mitigation in this scenario. The gain is about 0.5dB. Thus, when the center 6 PRBs are included in the allocation, network-based CRS mitigation can achieve further gain when it is combined with receiver-based CRS mitigation. 
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[bookmark: _Ref494117434]Figure 3: TM3 with QPSK and whole bandwidth allocation
[bookmark: _Toc494270625][bookmark: _Toc494270771][bookmark: _Toc494274577][bookmark: _Toc494119557][bookmark: _Toc494120196][bookmark: _Toc494120548][bookmark: _Toc494269627][bookmark: _Toc494269874][bookmark: _Toc494655093]The performance of legacy CRS-IC receiver in the network with the network-based CRS mitigation is slightly (at most 0.3 dB) worse than the performance in the legacy network for the worst case when UE is in cell-edge
Cell center
In Figure 4~Figure 5, simulation results for TM3 with 64QAM are provided. In this scenario, the serving cell signal is much stronger than the interference signal for the concerned SNR range. It is corresponding to UE is in the cell center. In this scenario, it is bit challenge to have accurate estimation of interference and thus have good cancellation performance. Thus, network-based CRS mitigation is much more efficient. As shown in Figure 4~Figure 5, network-based CRS mitigation without any CRS-IC can achieve the best performance for whole bandwidth allocation or side allocation. 
[bookmark: _Toc494119559][bookmark: _Toc494120198][bookmark: _Toc494120550][bookmark: _Toc494269629][bookmark: _Toc494269876][bookmark: _Toc494270626][bookmark: _Toc494270772][bookmark: _Toc494274578][bookmark: _Toc494655094]Network-based CRS mitigation can achieve the best performance when UE is in the cell center
When the network-based CRS mitigation is enabled, when legacy CRS-IC is enabled, it will have some performance loss compared with the UE without CRS-IC in this scenario. However, compared with the legacy network in which CRS is always transmitted and legacy CRS-IC is enabled, quite large gain is obtained. 
[bookmark: _Toc494119560][bookmark: _Toc494120199][bookmark: _Toc494120551][bookmark: _Toc494269630][bookmark: _Toc494269877][bookmark: _Toc494270627][bookmark: _Toc494270773][bookmark: _Toc494274579][bookmark: _Toc494655095]The performance of legacy CRS-IC receiver in the network with network-based CRS mitigation is better than the performance in the legacy network when UE is in the cell center
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[bookmark: _Ref494118601]Figure 4: TM3 with 64QAM and edge 10 PRBs are allocated
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[bookmark: _Ref494118604]Figure 5: TM3 with 64QAM and full 50 PRBs are allocated
DMRS-based transmission scheme (TM9)
In section 2.2.1 and section 2.2.2, performances for rank-2 TM9 are given. In the appendix II, performances for rank-1 TM9 are given. 
Cell-edge
In Figure 6 and Figure 7, simulation results for TM9 are shown. In Figure 6 and Figure 7, MCS=8 is used. In the concerned SNR range, the SNR of serving cell is quite smaller than the interference level. It is corresponding to cell-edge UE. Similar like CRS-based transmission scheme, DMRS-based transmission scheme has the exactly same trend as CRS-based transmission scheme. When the PRBs allocation is 0~9, there is no any impact on the legacy CRS-IC receiver regardless of the CRS is muted or not. When the allocation is whole bandwidth, CRS-IC can achieve further gain compared with non-CRS-IC receiver regardless of the CRS is muted or not in the neighbour cell(s). 
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Figure 6: TM9 with QPSK and edge 10 PRBs are allocated with rank-2
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Figure 7: TM9 with QPSK and full allocation are allocated with rank-2

Cell center
In Figure 8 and Figure 9, MCS=24 and rank-2 used for TM9. In the targeting SNR range, the serving cell SNR is quite higher than interference strength. It is corresponding to cell center UE. In this case, it is big challenge to get accurate CRS interference estimation. Thus, the UE-based CRS-IC cancelation is not so good when CRS is transmitted in the interference cell, as shown in the green curve. There is still residual interference after CRS interference mitigation when the serving cell SNR is higher. However, when network-based CRS mitigation is used, the CRS interference is ideally removed. Thus, the performance is quite good as shown in red curve. When network-based CRS mitigation is used and at the same time legacy UE-based CRS mitigation is used, it has slightly degradation. But the degradation is negligible. From Figure 8 and Figure 9, we can see that network-based CRS mitigation is much more efficient for CRS interference mitigation.  
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[bookmark: _Ref494224245]Figure 8: TM9 with 64QAM and edge 10 PRBs are allocated with rank-2
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[bookmark: _Ref494224248]Figure 9: TM9 with 64QAM and full allocation are allocated with rank-2
[bookmark: _Toc494269631][bookmark: _Toc494269878][bookmark: _Toc494270628][bookmark: _Toc494270774][bookmark: _Toc494274580][bookmark: _Toc494655096]Legacy CRS-IC receiver performance with DMRS-based transmission scheme have the exactly same trend as that with CRS-based transmission scheme
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Conclusion
In this paper, we provide further simulation results for CRS-IC receiver considering network-based CRS mitigation. Based on the simulation results, we have the following observations:
Observation 1	The performance of legacy CRS-IC receiver in the network with the network-based CRS mitigation is slightly (at most 0.3 dB) worse than the performance in the legacy network for the worst case when UE is in cell-edge
Observation 2	Network-based CRS mitigation can achieve the best performance when UE is in the cell center
Observation 3	The performance of legacy CRS-IC receiver in the network with network-based CRS mitigation is better than the performance in the legacy network when UE is in the cell center
Observation 4	Legacy CRS-IC receiver performance with DMRS-based transmission scheme have the exactly same trend as that with CRS-based transmission scheme

Appendix I

	Parameters
	value

	Bandwidth
	10 MHz

	Transmission mode
	3, 9

	Number of aggressor cells
	2

	Interference level ()
	10.45 dB for aggressor cell 1 and 4.6 dB for aggressor cell 2

	CRS-IC receiver assumption
	Assume full CRS is allocated in the aggressor cells

	MCS
	8 and 24

	MIMO rank
	MIMO rank 1, 2

	Resource allocation in serving cell 
	PRBs 0~9 (Partial resource allocation)
PRBs 22~27 (center 6 PRBs)
PRBs 0~49 (Full resource allocation)

	MIMO configuration
	2x2 (2 CRS APs)
Interested companies are welcomed to provide simulation results for 4x2 (4 CRS APs)

	Interference modelling
	· When the CRS is muted, CRS is muted except the center 6 PRBs. When the CRS is not muted, CRS is transmitted across the whole bandwidth. 0% load on interference PDSCH

	CRS configuration
	Non-colliding CRS is configured



Appendix II
TM9 and rank-1:
[image: ]
[bookmark: _Ref494120288]Figure 10: TM9 with QPSK and edge 10 PRBs are allocated with rank-1
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[bookmark: _Ref494120290]Figure 11: TM9 with QPSK and full bandwidth is allocated with rank-1
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Figure 12: TM9 with 64QAM and edge 10 PRBs are allocated with rank-1
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Figure 13: TM9 with 64QAM and full bandwidth are allocated with rank-1
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