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1 Introduction

The UE capability for enhanced CRS-IM receivers and the network assistant info were discussed in previos meeting with a WF proposed in [1] on consideration of how to reduce the network assistant info. In this contribution we provide our view on the UE capability and the related network assistant info.
2 UE capability signaling
2.1 eCRS-IM capability for Rel-14 UE feature list

Considering the long history of CRS-IC feature related capability since Rel-11, e.g. Rel-11 FeICIC, Rel-13 CRS-IM and Rel-14 eCRS-IM, especially the last two are more for typical deployment for marco cell condition we think it’s important to align the UE capability between Rel-13 CRS-IM and Rel-14 eCRS-IM. This is important for the network to handle different UEs from different releases.
Proposal 1: Align the UE capability between Rel-13 CRS-IM and Rel-14 eCRS-IM, meaning either we reuse the Rel-13 signaling or we change the Rel-13 signaling to be the same as anything new to be agreed for Rel-14 signaling.
The existing Rel-11 FeICIC is based on 1 bit per UE indication without consideration of CA. The same type of 1 bit per UE capability signalling could be considered for Rel-14.
Proposal 2: Consider to have 1 bit per UE capability for Rel-14 and also replace the Rel-13 capability.

2.2 Blind detection capability
From UE side to detect the CRS assistant info blindly is considered feasible to either decode NC PBCH or detect CRS presence the UE could achieve rather performance without much false alarm or missed alarms. 
· Physical Cell ID: this information is required to derive CRS sequence and CRS RE mapping
· Number of CRS APs: together with Cell ID this information allows to derive CRS RE mapping
· MBSFN subframe configuration: this information allows UE to adjust behaviour for the MBSFN subframes, where CRS may be present in the control region only.
In this section we provide simulation results showing the reliability of neighbour cell CRS AP blind detection which does not involve neighbour cell PBCH reading and which is based on RSRP measurements. In the following the results are provided in terms of miss alarm performance and false alarm performance for 1, 2 and 4 CRS APs detection as shown in Table 1. Here the false alarm is when the presence of the CRS AP is wrongly detected when instead it is not present while the miss alarm is defined as the case when the UE does not detect the presence of the CRS AP when instead this is present.  Several scenarios are considered including pure noise subframe (Blank SF), a normal downlink subframe with 1 CRS AP, 2 CRS APs and 4 CRS APs and an MBMS subframe.  The simulation is carried on for AWGN channel with SNR ranging from -6 to -3dB and 2 receiver antennas. The estimation is done here by assuming 6 PRB-pair. In principle, the identity of the strongest interferer may vary over the bandwidth depending on channel conditions and scheduling conditions. However, once a cell is selected as one candidate strongest interfering cell, CRSs are present over the entire bandwidth and hence more than 1 PRB could be exploited for CRS-AP detection (and the 6 central PRBs can be considered to be always present independently of the system bandwidth).
For MBSFN configuration blind detection, the same algorithm as in the previous section can be considered with very similar performance; Table 1 provides also some simulation results in terms of false alarm and miss alarm probability for MBSFN blind detection.  It should be noted that when the UE needs to detect whether a subframe is MBSFN, and carrying PMCH or not, for a candidate interfering cell, it will consider all the 18 RSs per PRB-pair, which is a much denser grid as for non MBSFN subframes.  Note that in case the neighbour cell schedules TM 9 PDSCH in MBSFN subframes to improve the spectral efficiency, no MBSFN RSs are present and no CRSs are present in the MBSFN region of the MBSFN subframe. However, in this case the UE has the possibility to blindly detect DM-RS presence and hence there would not be ambiguity.
With 4Rx the detection performance could be better than Table 1.

Table 1. Performance in terms of miss alarm and false alarm.
	Scenario 1: Blank SF

	
	Blank
	1 Tx
	2 Tx
	4 Tx
	MBMS

	
	Pm
	Pf
	Pf
	Pf
	Pf

	
	0.00035
	5.00E-05
	0.00025
	5.00E-05
	0

	Scenario 2: Normal DL SF with 1 CRS APs

	
	Blank
	1 Tx
	2 Tx
	4 Tx
	MBMS

	SNR
	Pf
	Pm
	Pf
	Pf
	Pf

	-6
	0.03625
	0.03655
	0.00025
	5.00E-05
	0

	-5
	0.00385
	0.00415
	0.00025
	5.00E-05
	0

	-4
	0.0003
	0.0006
	0.00025
	5.00E-05
	0

	-3
	0
	0.0003
	0.00025
	5.00E-05
	0

	Scenario 3: Normal DL SF with 2 CRS APs

	
	Blank
	1 Tx
	2 Tx
	4 Tx
	MBMS

	SNR
	Pf
	Pf
	Pm
	Pf
	Pf

	-6
	0.00135
	0.0379
	0.0393
	5.00E-05
	0

	-5
	0
	0.00385
	0.0039
	5.00E-05
	0

	-4
	0
	5.00E-05
	1.00E-04
	5.00E-05
	0

	-3
	0
	0
	5.00E-05
	5.00E-05
	0

	Scenario 4: Normal DL SF with 4 CRS APs

	
	Blank
	1 Tx
	2 Tx
	4 Tx
	MBMS

	SNR
	Pf
	Pf
	Pf
	Pm
	Pf

	-6
	0.0002
	0.00275
	0.06435
	6.73E-02
	0

	-5
	0
	5.00E-05
	0.00965
	9.70E-03
	0

	-4
	0
	0
	5.00E-04
	5.00E-04
	0

	-3
	0
	0
	0
	0
	0

	Scenario 5: MBMS SF

	
	Blank
	1 Tx
	2 Tx
	4 Tx
	MBMS

	SNR
	Pf
	Pf
	Pf
	Pf
	Pm

	-6
	5.00E-05
	0
	0
	0
	5.00E-05

	-5
	0
	0
	0
	0
	0

	-4
	0
	0
	0
	0
	0

	-3
	0
	0
	0
	0
	0


Proposal 3: Blind detection of all 3 parameters from CRS assistant information should be consider as feasible where the MBSFN subframe detection is showing same reliable detection performance as the number of Tx antenna ports.
Proposal 4: In case the blind detection for a whole package of CRS assistant information is supported from UE side one more bit to indicate the blind detection capability is needed.
3 CRS assistant information

By assuming there is certain UE capability reported by the UE to indicate the eCRS-IM support from the UE side the network side needs to send the traditional CRS assistant information. The proposal from [1] was to send one-bit information to indicate the neighboring cells are having the same network configuration as the serving cell on the number of CRS AP and MBSFN subframe configuration so the traditional signaling is not needed to be sent to the UEs any longer. Such proposal could be considered but should also be aligned with Rel-13 solution.

Proposal 5: Align the RRC configuration also between Rel-13 CRS-IM and Rel-14 eCRS-IM, meaning we should consider to change the Rel-13 signaling to be the same as anything new to be agreed for Rel-14 signaling.

Proposal 6: For UE with blind detection capability no need to send any CRS assistant information to such UEs.
4 Conclusions

In this contribution we provide our views on the UE capability and network assistant info for eCRS-IM receiver with proposals as the following.

Proposal 1: Align the UE capability between Rel-13 CRS-IM and Rel-14 eCRS-IM, meaning either we reuse the Rel-13 signaling or we change the Rel-13 signaling to be the same as anything new to be agreed for Rel-14 signaling.

Proposal 2: Consider to have 1 bit per UE capability for Rel-14 and also replace the Rel-13 capability.
Proposal 3: Blind detection of all 3 parameters from CRS assistant information should be consider as feasible where the MBSFN subframe detection is showing same reliable detection performance as the number of Tx antenna ports.
Proposal 4: In case the blind detection for a whole package of CRS assistant information is supported from UE side one more bit to indicate the blind detection capability is needed.

Proposal 5: Align the RRC configuration also between Rel-13 CRS-IM and Rel-14 eCRS-IM, meaning we should consider to change the Rel-13 signaling to be the same as anything new to be agreed for Rel-14 signaling.

Proposal 6: For UE with blind detection capability no need to send any CRS assistant information to such UEs.
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