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1 Introduction

In previous meetings RAN 4 discussed the use of CRS-IC within CoMP WI, either to improve PDSCH performance in non-colliding CRS deployment or to improve the reliability of frequency error estimation for colliding CRS deployments. 
In the last TSG RAN # 60 the following decision was made [1] 
	#
	FDD
	Proposal
	#
	TDD
	Proposal

	1st
	CRS interference handling
	Mandatory
	1st
	CRS interference handling
	Mandatory


This contribution discusses the implication of this decision and the characteristics of CRS-IC and the tests which are applicable to this case. 

2 CRS interference handling in FeICIC and CoMP
According to RAN plenary, in rel-11 it is mandatory for the UE to support cancellation of Neighbour Cells (NC) CRS via an interferer canceller. In Release 11 the UE requirements for this receiver type has been so far been specified in the context of FeICIC. In principle the same capability could be beneficial for other features such as COMP where the UE has to deal with potential interference coming from other cells.   

In order to perform CRS-IC the UE is currently assisted by the network via the following signalling which is defined in 36.331 
CRS-AssistanceInfoList-r11 ::=   SEQUENCE (SIZE (1..maxCellReport)) OF CRS-AssistanceInfo-r11
CRS-AssistanceInfo-r11 ::= SEQUENCE {
    physCellId-r11                   PhysCellId,
    antennaPortsCount-r11            ENUMERATED {an1, an2, an4, spare1},
    mbsfn-SubframeConfigList-r11     MBSFN-SubframeConfigList,
    ...

}

-- ASN1STOP

	RadioResourceConfigDedicated field descriptions

	logicalChannelConfig
For SRBs a choice is used to indicate whether the logical channel configuration is signalled explicitly or set to the default logical channel configuration for SRB1 as specified in 9.2.1.1 or for SRB2 as specified in 9.2.1.2.

	logicalChannelIdentity
The logical channel identity for both UL and DL.

	mac-MainConfig
Although the ASN.1 includes a choice that is used to indicate whether the mac-MainConfig is signalled explicitly or set to the default MAC main configuration as specified in 9.2.2, EUTRAN does not apply "defaultValue".

	measSubframePatternPCell
Time domain measurement resource restriction pattern for the PCell measurements (RSRP, RSRQ and the radio link monitoring).

	neighCellsCRS-Info
This field contains assistance information, concerning the primary frequency, used by the UE to mitigate interference from CRS while performing RRM/RLM/CSI measurement or data demodulation. When the received CRS assistance information is for a cell with CRS colliding with that of the CRS of the cell to measure, the UE may use the CRS assistance information to mitigate CRS interference (as specified in TS 36.101 [42]) on the subframes indicated by measSubframePatternPCell, measSubframePatternConfigNeigh and csi-MeasSubframeSet1. Furthermore, the UE may use CRS assistance information to mitigate CRS interference from the cells in the IE for the demodulation purpose as specified in TS 36.101 [42].


As stated in the text reported above from 36.331, the UE may use CRS-IC for demodulation purposes. So far RAN 4 demodulation performance for FeICIC with CRS-IC are defined only in ABS subframe which guarantees that the UE shall use CRS-IC in ABS subframes to be able to fulfill the requirements, but it does not guarantee that the UE is able to use CRS-IC in the other subframes. In addition the TSG RAN agreed chairman notes says :“Additional CRS interference mitigation may optionally be performed for demodulation enhancements on all subframes regardless of colliding or non-colliding CRS”. 
Hence even if the UE capability of handling CRS interference is mandatory in rel-11, it is still optional for the UE to use CRS-IC for demodulation purposes regardless of colliding or non colliding CRSs and regardless of the presence of ABS subframes. Some implementation for example could use CRS-IC only in special subframes or in special conditions in order to save complexity. 

So clearly the CRS-IC receiver defined so far can not be used directly in CoMP feature. 
In fact in CoMP there is no concept of signaled ABS subframes/patterns, also network assistance signaling need is questionable.
Under COMP WI, if RAN 4 decides that CRS interference handling is needed a different UE behavior compared to the one defined for FeICIC will need to be used.  

Proposal 1: If CRS interference handling is considered as needed in RAN 4 for COMP, then a different UE behaviorcompared to the CRS-IC receiver used in FeICIC shall be defined. 
Considering the above, RAN 4 needs to discuss two items:

1. Applicability of the CRS interference handling.

2. Whether to consider 1 (only macro) interferer or more than 1.
This is discussed in the following.

2.1 Applicability of the CRS interference handling  
So far RAN 4 discussed the use of CRS-IC for two main reasons; i.e. to improve the reliability of the frequency error in case of colliding CRSs or to enhance the PDSCH performance for non colliding CRS. In both the situations the scheduling used for the UE is transparent and the UE does not have knowledge of whether the interference coming from other TPs is present or not (i.e. whether the interfering TPs schedules PDSCH for other users).  Under FeICIC the network signals information related to ABS pattern. Considering that the CRS-IC should be always implemented independently from the scheduling strategy of the eNodeB, there is no need to signal the information about blanked subframes in the context of COMP. 
Proposal 2: If CRS interference handling is considered as needed, it shall not be limited to blanked subframes, but it shall be used for all the subframes independently from the eNodeB/TP scheduling strategy.   

2.2 Interferers
It was mentioned in previous meeting that under COMP work item the UE could exploit the PQI signalling provided by the network and consider this as network assistance for the purpose of CRS interference handling. However the PQI signalling is available only in very special conditions and allow for CRS interference handling in a very special case. This is represented schematically by Figure 1, i.e. in the case the UE receives PDSCH (and CRSs) from a certain LPN. In this case the UE still knows the information about the serving cell and the LPN cell via PQI signalling. Depending on how strong the serving cell is compared to the LPN, i.e. depending on the position of the UE in the cell the serving cell interference will have more or less impact on the UE PDSCH demodulation performance or frequency error estimation reliability when the UE receives PDSCH from the LPN.

[image: image1]
Figure 1. Scenario for which the UE can cancel one interfering cell
Clearly the PQI signalling can be used only in a restricted scenario and the UE will not be capable of handling the interference due to other neighbour cells, or it won’t be able to cancel the interference of any LPN when PDSCH is transmitted from the macro cell.
Under FeICIC case it was shown that at least two dominant interferers are present and performance requirements are defined with the assumption that 2 the UE has the capability of handling 2 interfering cells.  

Additionally it is not guaranteed that the strongest interfering cell is always the serving macro cell. If the network decides to schedule non colliding CRSs there is no guarantee that the PDSCH performance won’t be degraded by the presence of interference which the UE can not handle.
Figures 5-6 and Figures A.1-A.6 show the link level performance in case of non colliding CRS when 2 interfering cells are modelled. 3 TPs are present. TP1 is the serving cell, TP2 is the cell transmitting PDSCH and TP3 is an additional interfering cell. TP1 has SNR XdB+SNRTP2 and TP3 has SNR Y+SNRTP2dB. The detailed set up is provided in the annex. The UE cancel only TP1. In the figures X=-4dB, 0, 4dB and Y=-4dB, 0, 4dB. The figures show the performance with and without CRS-IC to cancel TP1. 
Figures 5 and 6 show a scenario when the macro serving cell is the most dominant interferer and the UE is able to handle the CRS interference (e.g. X=4 and Y=-4dB) and the case when a cell different from the serving cell is the dominant interferer (X=-4 and Y=4) while the UE cancels the serving macro cell only.  Results for several other combinations/intermediate conditions are provided in the Annex. 
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Figure 5. X=4dB, Y=-4dB.
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Figure 6. X=-4dB, Y=4dB.

In addition the throughput obtained with a colliding CRS set up is also shown with and without CRS-IC.

As it can be seen from these figures, when an additional non negligible interfering cell is present, when the UE cancels only the macro serving cell the performance are improved compared to the case when no CRS interference handling is present only in the case when the serving cell is the most dominant interferer and the performance degrades rapidly when the second cell SNR increases. In cases when the dominant interferer is not the serving cell or when the UE receives PDSCH from the macro cell the UE can not benefit from its CRS interference handling capability and the performance are highly degraded.  
These figures show also that in case of colliding CRSs instead the performance are substantially better then the non colliding CRS case. Clearly colliding CRS deployment can avoid the issue related to residual interference which the UE is not capable of handling.

Under CRS colliding deployment the UE may be hit by interference coming from several transmission nodes which lower the SNR associated to the CRSs which can be considered as collocated to DM-RS for the purpose of frequency error estimation. Several companies in past meeting showed that this is not necessarily needed as for several modulation schemes the CRSs can be considered as a reliable signal to base the estimation to  for SNR as low as -4dB (if 64QAM and rank 2 are considered performance degrades for CRS SNR in the range of -4/-5dB). However note that in [2] we showed that there is a non negligible probability that the CRS SNR is < -4dB (10%). Hence, it might be useful to consider the use of CRS interference cancellation in order to raise the SNR to a reasonable level where the UE can reliably estimate frequency error.
Observation 1: CRS interference handling based on the assumption that the UE cancels only the serving cell does not guarantee good performance in realistic non colliding CRSs scenarios where the serving cell may not be the dominant interferer, or when other cells can be considered as dominant interferers, or in cases when the UE receives PDSCH from the macro cell.
An alternative solution is instead to consider the fact that the UE is capable of handling CRS interference coming from more than 1 dominant interferer. This could reduce the degradation of the performance due to residual interference coming from other cells. We think that this can be done without the need of network assistance.
Proposal 3: If CRS interference handling is considered as necessary for CoMP to support non colliding CRS deployment, the UE should be required to handle at least two dominant interferers; performance requirements should guarantee that the UE is capable to handle CRS cancellation of at least 2 dominant interferers.
3 CoMP tests 
So far RAN 4 has decided to consider the following list of demodulation performance.
Test 1-A based on scenario 4, whose aim is mainly to test the correct timing tracking capability of the UE. Under this test the use of CRS-IC does not change the performance results.
Test 1-B the DPS version of test 1-A applicable to UE supporting feature group 7-1.
Test 2-A based on scenario 3 with colliding CRS, whose aim is mainly to make sure that the 

UE can have sufficiently good frequency error estimation. The conditions so far decided for this test (CRS SNR =-4dB) provides equal performance independently on whether the UE implements CRS-IC or not. 
Test 2-C based on scenario 3 non colliding CRSs whose aim is mainly to make sure that the CRS-IC UE could show performance benefits thanks to NC CRS cancellation in presence of a frequency error between two TPs. 

Test 2-A and 2-C may be affected by the way the UE supports CRS interference handling. 
Considering the above argumentations concerning colliding vs non colliding set up, the following options are proposed. Considering that tests 1-A and 1-B are not affected by the UE capability of handling CRS interference these two tests are not included in the options defined below as potential way forward (provided in order of preference).
Option 1. Consider Test 2 with the assumption that the UE is capable of handling 2 interferers. Define a test set up for test 2-C such that at least one interfering cells does not correspond to the serving cell, to guarantee the UE capability.
Option 2. Consider only a single test where colliding and non colliding CRSs are used under the assumption that the UE is capable of handling 2 interferers.. 

Option 3. Consider Test 2-A and remove Test 2-C. Test 2-A is modified with conditions such as the use of CRS interference cancellation is exploited (in this case it can be discussed further whether to introduce 1 or 2 dominant interferers).
Option 4. Consider Test 2-A and remove test 2-C. Discuss further whether to apply the same changes to test 2-A as in Option 3.

Proposal 4: Consider Option 1 or 2 or 3 or 4 as way forward for COMP PDSCH test 2. 
4 Conclusions

This contribution discusses the applicability of the CRS interference handling UE capability to COMP.

The following has be proposed and observed.

Proposal 1: If CRS interference handling is considered as needed in RAN 4 for COMP, then a different UE behaviour compared to the CRS-IC receiver used in FeICIC shall be defined. 

Proposal 2: CRS interference handling shall not be limited to blanked subframes, but it shall be used for all the subframes independently from the eNodeB/TP scheduling strategy.   

Observation 1: CRS interference handling based on the assumption that the UE cancels only the serving cell does not guarantee good performance in realistic non colliding CRSs scenarios where the serving cell may not be the dominant interferer, or when other cells can be considered as dominant interferers, or in cases when the UE receives PDSCH from the macro cell.
Proposal 3: If CRS interference handling is considered as necessary for CoMP to support non colliding CRS deployment, the UE should be required to handle at least two dominant interferers; performance requirements should guarantee that the UE is capable to handle CRS cancellation of at least 2 dominant interferers.

Colliding CRS deployment scenarios were motivated by the fact that this deployment strategy avoids severe CRSs interference on PDSCH region which can degrade the performance significantly as shown in the Figures above.  Even if the network can safely assume that the UE implements CRS-IC in all subframes for 1 interferer, the performance may be still be considerably lower than the colliding CRS case because of the presence of additional NC CRSs which need to be cancelled by the UE. However guaranteeing that the UE is capable of handling interference coming from 2 dominant interferers seems acceptable if the network wants to deploy non colliding CRSs case. In case the network deploys colliding CRS, in order to make sure that the UE can have good PDSCH performance also in corner cases, CRS-IC may be used in order to raise slightly the CRSs SNR conditions for frequency error estimation.
Hence we propose the following options in order of preference as way forward for COMP demodulation test 2 
Option 1. Consider Test 2 with the assumption that the UE is capable of handling 2 interferers. Define a test set up for test 2-C such that at least one interfering cells does not correspond to the serving cell, to guarantee the UE capability.

Option 2. Consider only a single test where colliding and non colliding CRSs are used under the assumption that the UE is capable of handling 2 interferers.. 

Option 3. Consider Test 2-A and remove Test 2-C. Test 2-A is modified with conditions such as the use of CRS interference cancellation is exploited (in this case it can be discussed further whether to introduce 1 or 2 dominant interferers).

Option 4. Consider Test 2-A and remove test 2-C. Discuss further whether to apply the same changes to test 2-A as in Option 3.
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6 Annex A

Table 1 provides the setting used for link level simulations

	Parameter
	TP1 (high power TP)
	TP2 (low power TP)
	TP3 (an additional interfering LPN)

	Carrier frequency (GHz)
	2

	System bandwidth (MHz)
	10MHz

	Cell ID
	0
	1
	2

	PDCCH transmission Point
	Fixed at TP1 as serving cell
	NA
	PDCCH transmitted together to CRSs

	PDSCH transmission Point
	Blanked
	Fixed at TP2
	Blanked

	Channel model
	EPA
	EVA
	EPA

	Doppler frequency (Hz)
	5Hz
	5Hz
	5

	Antenna configuration
	2x2 Low
	2x2 Low
	2x2

	SNR (seen at UE receivers)
	SNR TP2+XdB
X=
· Case1:  -4dB

· Case 2: 0dB

· Case 3: 4dB 
	Performance provided for SNRTP2 =0:2:24
	SNR TP2+Y
Y=

· Case 1a: 4dB  

· Case 1b: 0dB

· Case 1c: -4dB

· Case 2a: 4dB  

· Case 2b: 0dB

· Case 2c: -4dB

· Case 3a: 4dB  

· Case 3b: 0dB

· Case 3c: -4dB



	Number of allocated resource blocks (PRB)
	N/A
	50
	NA

	Transmission mode
	N/A
	10
	NA

	Cell-specific reference signals
	Port {0,1}
	Port {0,1}
	Port {0,1}

	CSI reference signals 0
	N/A
	Port {15,16}
	N/A

	CSI-RS 1 periodicity and subframe offset (TCSI-RS / ICSI-RS)
	NA
	5/2
	NA

	ZP CSI-RS 1 periodicity and sub-frame offset (TCSI-RS / ICSI-RS)
	NA
	5/2
	NA

	ZP CSI-RS 1 configuration
	NA
	2
	NA

	CSI-RS 1 configuration
	NA
	0
	NA

	PDCCH decoding
	ideal
	

	PMI
	N/A
	Random
	N/A

	MCS & Rank
	N/A
	· 64QAM ½ RI=1 
	N/A

	Cyclic prefix
	Normal
	Normal
	Normal

	Number of HARQ processes
	8
	8
	8

	Maximum number of HARQ transmission
	4
	4
	4

	Number of OFDM symbols for PDCCH
	1
	2
	1

	Timing offset (us)
	0
	0
	0

	Frequency error (Hz)
	0
	200
	0

	Simulation length
	10000 sub-frames at minimum
	10000 sub-frames at minimum
	10000 sub-frames at minimum


Figures A.1-A.7 show the results for several X and Y values.
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Figure A.1. X=0dB, Y=0dB.
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Figure A.2. X=0dB, Y=4dB.
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Figure A.3. X=0dB, Y=-4dB.
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Figure A.4. X=4dB, Y=0dB.
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Figure A.5. X=4dB, Y=4dB.
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Figure A.6. X=-4dB, Y=0dB.
[image: image10.png]15

Throughput (Mbps)

EFA,EVA, EFA

—&— Non-Colliding CRS, CRS-IC
—— Non-Colliding CRS, No CRS-IC .
—&— Colliding CRS, CRS-IC

—+— Colliding CRS, No CRS-IC

=]
=]

8

=]

PDSCH SNR (dB)Y




Figure A.7. X=-4dB, Y=-4dB.
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