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Introduction
In RAN4#84bis Meeting, some analysis on the network-based CRS mitigation impact on UE performance when UE receiver performs CRS based interference mitigation were discussed. However, there is no any conclusion for this issue. In this contribution, we provide our further analysis. It should be noted that most parts have been presented in the last meeting. 
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Up to now, there are several advanced receivers which are defined in RAN4. Network-based CRS mitigation may impact the following receiver performance:
· CRS-IM receiver
· Type A and type B DL control channel IM receivers
· NAICs receiver
In the following sections, we provide our analysis on the potential impact. 
CRS-IM receiver 
In one companion paper [2], extensive simulation results are provided to check the CRS-IM receiver. The corresponding observations are shown in the companion paper, thus, this part is not skip in this document.
Type A and Type B DL control channel IM receivers 

Type A DL control IM receiver and its corresponding performance when network-based CRS-IM is employed
There are not too much details disclosed in RAN4 about proprietary CRS-IM receiver. One proprietary CRS-IM receiver is illustrated in Appendix I. The details can be found in [3]. Simulation assumption is shown in Table 1 and the performance are shown in Figure 1. For analysis, 0% load is assumed in the aggressor cells. 
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	Parameters
	value

	Bandwidth
	10 MHz

	Number of aggressor cells
	2

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

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

	MIMO configuration
	2x2

	Interference modelling
	When the CRS is muted, aggressor cell has no load and CRS is muted except the center 6 PRBs. When the CRS is not muted, aggressor cell has given load (0% )and CRS is transmitted across the whole bandwidth

	CRS configuration
	Non-colliding CRS is configured

	PDCCH
	8 CCEs are used for 31 bits DCI payload (CRC is not included)
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[bookmark: _Ref489971895]Figure 1: Performance for PDCCH for type A DL control IM receiver with network-based CRS mitigation ON/OFF
From Figure 1, we can see that when network CRS is muting and CRS-IC receiver is enabled, the performance is very close to CRS-IC performance when neighbour CRS transmission is transmitted across the whole bandwidth and CRS-IC is enabled, which is corresponding to the legacy CRS-IC receiver under legacy network. Thus, CRS muted or not in the neighbour cell has negligible performance impact on the legacy type A DL control IM receiver. 
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From Figure 1, we can also see that network-based CRS muting only cannot fully remove the CRS interference for control channel, since the PDCCH is scatter the whole bandwidth and the non-muted CRS of the central 6 PRB still degraded the PDCCH performance. Thus, combined with Type A receiver, additional gain can be achieved compared with non-type A receiver. The gain is about 1.4 dB. 
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Type B DL control IM receiver and its corresponding performance when network-based CRS-IM is employed
In Figure 2, the performance for type B receiver is shown. In this figure, colliding CRS is configured and in time domain, half subframes are full transmission and half subframes mute CRS. In frequency domain, full load PDCCH is allocated in the aggressor cell. From Figure 2, we can see that type B receiver has some performance degradation compared with full bandwidth CRS available. However, compared with traditional receiver, the type B receiver can still get significant gain even when network-based CRS-IM is employed. 
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[bookmark: _Ref490145099]Figure 2: Performance for PDCCH for type A DL control IM receiver with network-based CRS mitigation ON/OFF
Further, in all these simulation assumption, the CRS in control region is muted along with PDSCH. If network wishes to achieve optimal performance both for data and control channel, the CRS in control region can be kept for some subframe while CRS is muted in the data region. In this setup, it is expected the Type B receiver can achieve the optimal performance. 
[bookmark: _Toc490262068][bookmark: _Toc494122935][bookmark: _Toc494123588][bookmark: _Toc494275577][bookmark: _Toc494284581][bookmark: _Toc494285201][bookmark: _Toc494656788][bookmark: _Toc498722412][bookmark: _Toc498722897][bookmark: _Toc498724678]The type B receiver optimal performance is expected to be achieved via flexible mute neighbour cell CRS, e.g., keeping some CRS in the neighbour cell control region while muting CRS in the data region when there is no data transmission. 

NAICs receiver
For NAIC receiver, in RAN4 common understanding, the NAIC signalling shall be provided to enable NAICs feature. The signalling includes

NeighCellsInfo-r12	::=		SEQUENCE {
	physCellId-r12					PhysCellId,
	p-b-r12						INTEGER (0..3),
	crs-PortsCount-r12				ENUMERATED {n1, n2, n4, spare},
	mbsfn-SubframeConfig-r12		MBSFN-SubframeConfigList				OPTIONAL,	-- Need ON
	p-aList-r12					SEQUENCE (SIZE (1..maxP-a-PerNeighCell-r12)) OF P-a,
	transmissionModeList-r12		BIT STRING (SIZE(8)),
	resAllocGranularity-r12			INTEGER (1..4),
	...
}

In RAN4, the group has discussed a lot about whether fully blind detection for NAICs is feasible or not. RAN4 has concluded it is not feasible to performed NAICs without the signalling. The main reason is UE need to blind detect the neighbour cells p-b, transmission mode if NAICs signalling is not provided. Tremendous analysis has shown that it is not feasible to blind detection p-b and transmission mode with practical implementation and acceptable performance.  
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In the last meeting, the group has some discussions about whether NAICs blind detection is feasible or not.  Before we have new information, we can take what we have agreed in RAN4 in NAIC WI discussion as the baseline. If companies think it is feasible for blind detection, RAN4 group can re-open the discussion to form new assumption for the NAICs blind detection, and RAN4 can have further discuss the CRS mute impact on NAIC-blind detection UE.
[bookmark: _GoBack]RAN4 group can further study the NAIC gain under network-based CRS mitigation. 
In case network-based CRS-IM cause some degradation of NAICs, network has the flexibility to make decision whether NAICs is enable or not to achieve the optimal system performance based on the gain of NAICs and network-based CRS muting.  
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Conclusion
In this paper, we provide our analysis on network-based CRS-mitigation impact on the legacy advanced receiver. We have the following observations:
Observation 1	CRS muted or not in the neighbour cell has negligible performance impact on the full blind-detection based type A DL control IM receiver
Observation 2	Type A DL control IM receiver can be combined with network-based CRS-IM to improve the whole PDCCH performance
Observation 3	Type B receiver + CRS muting have some performance degradation compared with Type B receiver + CRS non-muting, however, significant gain can still achieve compared with legacy non-IC receiver
Observation 4	The type B receiver optimal performance is expected to be achieved via flexible mute neighbour cell CRS, e.g., keeping some CRS in the neighbour cell control region while muting CRS in the data region when there is no data transmission.
Observation 5	RAN4 group has common understanding NAICs signalling shall be provided to enable the NAIC feature
Observation 6	Disable NAIC signalling can avoid impact on legacy NAICs UE and at least no performance degradation compared with non-NAIC UE.


Appendix I: One proprietary CRS-IM receiver
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Figure 3: One Proprietary CRS-IM receiver implementation
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