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1
Introduction
In RAN1 #67 meeting, RAN1 agreed on the following points for CRS interference handling [1]:

Handling of CRS interference 

· RAN1 recommends RAN4 to consider UE performance requirements for UE Rx based techniques for DL control/data demodulation (PDCCH/PDSCH), UE measurements/reporting for 9 dB CRE bias according to WID for colliding and non-colliding CRS scenarios with ABS configurations

· Information on number of CRS ports of neighbor cell(s) is needed

· Information on which subframes in neighboring cell(s) the CRS is present (e.g. MBSFN configuration) is needed”

In RAN1#68bis meeting, RAN1 further agreed on [2]:
For the purpose of CRS interference handling, RAN1 has concluded that the “needed information” indicated in [1] can be provided from the serving cell via higher layer signaling, i.e:

· List of cell ID(s)

· Parameters for each cell in the list of cell ID(s):

· Number of CRS ports

· Subframes containing  CRS in the data region (e.g. the cell MBSFN configuration)
In RAN1#69, RAN1 made the following working assumption: 

· At least in the case of colliding CRS scenario, for the purpose of RLM/RRM and CSI feedback corresponding to one of the configured subsets, UE may suppress CRS interference from the cell(s) that are included in the cell list [3].
This contribution discusses CRS interference handling exploiting RX based techniques. We consider the macro-pico scenario, and discuss what is the corresponding UE behaviour of CRS interference handling for RRM/RLM measurement and CSI report. We proposed which neighbour cells shall be included in the cell list. 
2 
Discussion 

2.1 Deployment and interference scenarios

Based on the current RAN1 specification, the allocation of CRS is associated with the assignment of PCID for each cell. Cell planning should try to avoid neighbouring cell CRS location colliding.  However, available resource to avoid CRS collision between cells is limited. For example, for 1 antenna port CRS configuration, only 5 possible shifts can be used by the neighbouring cells, and for 2 antenna ports CRS antenna configuration, the only 2 possible shifts can be used. In a realistic HetNet deployment, it is likely that CRS colliding will happen.
We consider the following macro-pico scenario shown in Fig.1:

1) Pico UE in CRE range, with 9dB bias, denoted as PUE.
2) Pico is the serving cell and Pico eNB communicate with Pico UE using subframes that aligned with ABS subframes configured by aggressor cells, denoted as P1.
3) Neighbouring  pico cell P2, a target cell for PUE to perform neighbouring cell measurement. 

4) Dominating interference cell may have following types (since pico cell will not have dominate interference, for CRS handling purpose, pico cells interference will not be considered, i.e., their effect are ignored)
a. ABS configured macro cell with collide CRS to the serving Pico, denoted as M1

b. ABS configured macro cell with non-collide CRS to the serving Pico, denoted as M2

c. macro cell without ABS configuration, with collide CRS to the serving Pico, denoted as M3

d. macro cell without ABS configuration, with non-collide CRS to the serving Pico, denoted as M4
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Figure 1: The considered HetNet deployment scenario
It should be noted that not all macro interfering cells listed above will appear at the same time in an actual HetNet deployment.  We list all possibilities here purely for analysis purpose only.
For a particular pico cell and PUE, possible combinations of serving cell and interfering cell could have the following:

1) Pico Cell + M1 or M2
2) Pico Cell + M1 or M2 + M3 or M4

3) Pico Cell + M1 or M2 + M3 and M4

4) Pico Cell + M1 and M2

5) Pico Cell + M1 and M2 + M3 or M4

6) Pico Cell + M1 and M2 + M3 and M4

For the purpose of analysis, we assume all ABS subframes are non-MBSFN (i.e. data region has CRS), and the PUE only receives signal from subframes that are aligned with the ABS subframes configured by aggressor cells. Furthermore, we assume the ABS subframes are zero-power ABS, e.g, aggressor cell does not transmit PDSCH in the ABS subframes. In the ABS subframes, the PUE received signals would have interference from neighbouring cells, which can be summarized as follows:
Interference on Pico UE CRS RE

In the ABS subframe, interference on Pico UE CRS RE received signal will come from following components: 
1) M1_CRS_RE (collide CRS with pico cell P1, with ABS configuration)
2) M3_CRS_RE (collide CRS with pico cell P1, without ABS configuration), 
3) M4_PDSCH_RE (non-collide CRS with pico cell P1, without ABS configuration)

Note that since we assume zero power ABS, so there will be no interference from M2 on the Pico UE CRS RE, since M2 is non-colliding CRS with ABS configuration.

Interference on Pico UE PDSCH RE        
In the ABS subframe, interference on Pico UE PDSCH RE (t,i) received signal will come from following component:

1) M2_CRS_RE if the PDSCH RE(t,i) is collide with the M2_CRS_RE, otherwise 0 due to zero power ABS subframe configuration of M2

2) M3_PDSCH_RE

3) M4_CRS_RE if PDSCH RE (t,i) is collide with M4_CRS_RE,  otherwise M4_PDSCH_RE
Note that due to M1 ABS configuration, there will be no interference from M1_PDSCH_RE (assuming zero power ABS).
2.2 UE measurement and demodulation

Serving cell CSI measurement based on CRS
Subframe-restricted CSI measurement is configured to UEs by providing two different CSI subframe sets, where each CSI subframe set represents different interference environments. It means that the interference statistics is kept consistent within a CSI measurement set and this is the main design principle of Rel-10 eICIC and will be kept in Rel-11 FeICIC design. 
In Ts 36.331, the information element CQI-ReportConfig defines csi-SubframePatternConfig, which consists of two sets: csi-MeasSubframeSet1 and csi-MeasSubframeSet2. One of these two sets corresponding to ABS subframe subset, and another corresponding to complement of ABS subframe subset.
1) SINR derivation for CSI measurement
In the following we use SISO system model to describe the concept of CSI measurement in our assumed scenario. The received signal at the CRS RE of time index t and frequency index i is given by:
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Where, 

[image: image3.wmf]ti

y

is the received signal at the output of the FFT block,
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is the channel frequency response at CRS RE from serving cell
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is the channel frequency response at CRS RE from neighbour cell with ABS configuration ( refer to  M1 in Fig 1), 
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 is the channel frequency response at CRS RE from neighbour cell without ABS configuration (refer to M3 in Fig 1). 
[image: image7.wmf]ti

x

is the transmitted CRS signal from serving cell
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is the transmitted CRS signal from neighbour cell with ABS configuration
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is the transmitted CRS signal from neighbour cell without ABS configuration.
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Assume the 
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is ideally known at the receiver, then
a. In the subframes corresponding to complement of ABS subframe subset ( or non-ABS subframe subset), the SNIR can be written as:
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b. In the subframes corresponding to ABS subframe subset, we shall take following facts into account: the aggressor cell with ABS subframe configuration will not have interference on the PDSCH RE of victim pico cell, however, the aggressor cell without ABS subframe configuration will have interference on PDSCH RE of victim pico cell.  To accurately represent the actual interference level in ABS subframe, we need first estimate 
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, then cancel it from the received signal. Let  
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denote the estimated signal of 
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, then the signal after cancellation can be written as :
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Assume ideally cancellation (i. e, 
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Based on our above analysis, for CSI measurement in ABS subframe subset, when neighbouring cell CRS RE collides with pico cell CRS RE, then pico UE shall cancel CRS interference from neighbouring cell which has configured with ABS subframe, it shall not cancel CRS interference from neighbouring cell which does not configured with ABS subframe.

In our assumed scenario shown in Fig.1, PUE needs to cancel the CRS interference from M1_CRS_RE, so that the feedback CQI value will accurately reflects the lack of interference on pico cell PDSCH RE from M1 during the ABS subframe. 
Although M3_CRS_RE also collides with pico CRS RE, since M3 does not configure with ABS subframe, during the ABS subframe, the M3_PDSCH_RE will have interference on pico cell PDSCH RE, therefore if UE cancel the M3_CRS_RE, then the calculated CQI will not reflect the fact that there are continuous interference from M3_PDSCH_RE. 

For CSI measurement in non-ABS subframe subset, no interference cancelation will be performed for purpose of SINR calculation (assume ideally
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 is known).

At the receiver, 
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needs to be estimated. For the purpose of channel estimation, a traditional serial interference cancellation or a less complex interference cancelling receiver shown in [7] can be used.
2) Further signalling to support non-zero power ABS

In case the ABS subframe is non-zero power ABS, then after UE has done interference cancelation in colliding CRS case, UE shall aware that although the interference from a specific macro cell is almost cancelled on pico cell CRS RE, interference on pico UE PDSCH RE still exists due to the configuration of non-zero power ABS in the aggressor cell. This fact means the macro cell interference level needs a compensation to reflect actual interference after CRS interference has been cancelled.  In order to compensate the interference level, ratio of PDSCH to CRS EPRE should also be signalled to UE.
Serving cell RSRP/RSRQ/RLM measurement

In Ts 36.331, the information element  RadioResourceConfigDedicated  specifies measSubframePatternPCell, which is time domain measurement resource restriction pattern for the PCell measurements (RSRP, RSRQ and the radio link monitoring).  When such pattern is configured, then UE shall perform the resource restricted measurement for RRM/RLM.

1) RSRP
In TS 36.214, RSRP is defined as the linear average over the power contributions in W of the resource elements that carry cell specific reference signals within the considered measurement frequency bandwidth.

For pico serving cell RSRP measurement, the object is to estimate the CRS power level as accurate as possible. In the subframes specified by measSubframePatternPCell,  pico UE shall cancel the CRS interference from aggressor cell that collides with pico serving cell CRS RE, as long as the interference signal level of is strong, regardless the aggressor cell with ABS configuration or without ABS configuration. 

To be more specific, under our assumed scenario shown in Figure 1, for RSRP measurement,  
a) M1_CRS_RE shall be estimated and cancelled

b) Not practical to cancel M4_PDSCH_RE 
c) M3_CRS_RE shall be estimated and cancelled.
2) RSRQ
According to Ts 36.214, RSRQ is defined as: RSRQ = N *RSRP/(E-UTRA carrier RSSI), 

Where, N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. And E-UTRA carrier RSSI comprises the linear average of the total received signal power in W observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. If higher-layer signalling indicates certain subframes for performing RSRQ measurements, then RSSI is measured over all OFDM symbols in the indicated subframe.
From the above description, we think for RSSI measurement, no need to do any interference cancellation.

3)RLM
For Pico UE to proper measure RLM, Pico UE shall cancel CRS interference from neighbouring cell which has configured with ABS subframe, it shall not cancel CRS interference from neighbouring cell which does not configured with ABS subframe.

 To be specific, in our assumed scenario shown in Fig.1, for RLM measurement, PUE shall cancel M1_CRS_RE, but shall not cancel interference from M3_CRS_RE.
Neighbouring cell measurement

Neighbouring cell measurement is done during ABS protected subframe to find the neighbouring pico cell as early as possible. In Ts 36.331, the information element MeasObjectEUTRA specifies measSubframePatternConfigNeigh, which consists of MeasSubframePattern and MeasSubframeCellList, which is time domain measurement resource restriction pattern applicable to neighbour cell RSRP and RSRQ measurements on the carrier frequency indicated by carrierFreq. For cells in measSubframeCellList the UE shall assume that the subframes indicated by measSubframePatternNeigh are non-MBSFN subframes.
For the cells in the MeasSubframeCellList, during subframes specified by measSubframePatternConfigNeigh , using CRS RE of neighbouring, pico cell UE shall do the RSRP/RSRQ measurement.  If the target neighbour cell CRS RE is colliding with CRS RE of other interfering cells with dominant power, then the CRS interference from the interfering cells shall be cancelled, regardless the interfering cells with ABS configuration or without ABS configuration. 
PDSCH demodulation 
For channel estimation based on CRS RE, pico UE shall cancel CRS RE interference from aggressor cells that collides with pico serving cell CRS RE, regardless the aggressor cell with ABS configuration or without ABS configuration.

To eliminate the interference on pico cell PDSCH RE, pico UE can cancel CRS RE interference from aggressor cells that collides with pico cell PDSCH RE, regardless the aggressor cell with ABS configuration or without ABS configuration. 
In our assumed scenario shown in Fig.1, for channel estimation purpose, PUE shall cancel interference from M1_CRS_RE and M3_CRS_RE.

For demodulation purpose, it is not practical to cancel the interference from M3_PDSCH_RE, but it would beneficial to cancel interference from M2_CRS_RE for the effected PDSCH REs for better performance although the percentage of CRS RE is not that much. For optimal performance, it would be necessary to do interference cancellation of M4_CRS_RE.
Table 1: CRS interference cancellation summary under assumed scenario
	
	M1_CRS_RE
(colliding CRS with ABS configuration
	M2_CRS_RE
(non-colliding CRS with ABS configuration
	M3_CRS_RE
(colliding CRS without ABS configuration
	M4_CRS_RE
(non-colliding CRS without ABS configuration
	Benefit for including cells without ABS configuration

	Serving cell RSRP/RSRQ
	√
	
	√  
	
	Accurate estimation of RSRP

	Serving cell RLM
	√
	
	
	
	NA

	CSI measurement in

ABS subframe subset
	√
	
	
	
	NA

	PDSCH demodulation
	√ (for channel estimation)
	√ (for data REs)
	√ (for channel estimation)
	√ (for data REs)
	Improved PDSCH performance


In [3], RAN1 has agreed that at least in the case of colliding CRS scenario, for the purpose of RLM/RRM and CSI feedback corresponding to one of the configured subsets, UE may suppress CRS interference from the cell(s) that are included in the cell list.  There are two possibilities for pico cell to select the cells in the cell list:

1) The cell list only include the neighbouring cell with ABS configuration, in this case, M1 and M2 will be included in the cell list

2) The cell list will include the neighbouring cell with ABS configuration as well as without ABS configuration, in this case M1, M2, M3, M4 will be included. 
In the recent RAN1 LS [3] to RAN2, it was unclear whether neighbour cells without ABS configuration should also be included and RAN2 is current discussing this point [4-6]. Based on our above analysis, we think that for RSRP measurement accuracy and also for demodulation performance improvement, it will be beneficial for include cells without ABS  configuration  in the cell list.

Proposal: For RSRP and RSRQ measurement accuracy and also for demodulation performance improvement, it will be beneficial to include cells without ABS configuration in the list of cell IDs.
3 
Conclusion

This contribution discusses RX based techniques for CRS interference handling, we consider the macro-pico scenario, and discuss the corresponding UE behaviour of CRS interference handling for RRM/RLM measurement and CSI report. We have the following proposal:   

Proposal: For RSRP and RSRQ measurement accuracy and also for demodulation performance improvement, it will be beneficial to include cells without ABS configuration in the list of cell IDs.
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