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1. Introduction  
Under macro-pico deployments, using time domain eICIC techniques like almost blank subframes (ABS) is considered as a baseline [1].  As agreed in [2], all ABSs carry CRS.  In this contribution, we discuss about two issues associated with CRS under macro-pico deployment.  The first issue is interference from CRS of macro eNB.  The second issue is CSI measurement from CRS in restricted subframes.  

In RAN1#62bis [3], further discussion on CRE was done and it was agreed that we have the following observations:

· Agreed ABS /TDM mechanism works well in conjunction with CRE without further impact on physical layer

· Suggestions for further techniques that could be beneficial:

· IC (at least CRS; also consider PBCH/PSS/SSS/SIB1) at the UE 

· transmit side RE muting 

· Semi-static indication of PCFICH value

With ABS, interference from CRS of macro eNB still exists.  With CRE, the interference may not be negligible.  As suggested above, IC and transmit side RE muting can be considered.
Moreover, some progress of RLM/RRM measurement has been made in RAN1#62bis [2].  It was agreed that RRC signalling is used to signal UEs for resource specific RLM/RRM measurement.

· If this signalling is provided for serving cell measurements, UE should use only the indicated subframes for serving cell measurements 
· If this signalling is provided for measurements on a given neighbour cell, UE should use only the indicated subframes for measurements on that neighbour cell (regardless of any previous assumptions about MBSFN subframes in that neighbour cell)

While for CSI measurements, it was agreed that

· UE is signalled across which resources interference can be averaged for CSI reports
Based on this agreement, we discuss the potential issues of resource specific CSI measurement.

2. CRS interference from macro eNB
In this section, simulations were performed to check the impact on PDSCH performance under different CRS interference levels.  Figure 1 shows the PDSCH performance of a pico with different levels of CRS interference from macro.   As shown in the figure, impact of CRS interference can’t be ignored especially when it is 16QAM modulation scheme.  For control channel, similar degradation as the QPSK curves was observed [4].  For data channel, it can be seen that it degrades the throughput performance with CRS interference.  It also affects the performance of link adaptation if UE feeds back the CQI without considering this CRS interference.  
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Figure 1 PDSCH performance of pico with different CRS interference levels from macro. 

Left – QPSK with 1/3 rate, Right - 16QAM with 1/2 rate
There are two approaches to solve the CRS interference issue.  One is done on receiver side while the other one is on transmitter side:
1. IC at receiver side

Interference cancellation is done at receiver side to cancel CRS interference from interfering macro cell(s).  It requires higher complexity in terms of UE implementation and RAN4 testing.  It is also not clear that how well IC can work in reality with reasonable complexity increase at UE side.  Relying on UE implementation to solve this issue is too risky. 
2. Transmitter side RE muting 

When RE muting is considered, each pico eNB mutes the data REs corresponding to the CRS locations of interfering macro cell(s).  For Rel-10 pico UEs, the PDSCH RE muting can be done either in transparent or non-transparent manner.  Performance degradation would be expected for Rel-10 UEs if it’s done transparently.  To avoid performance degradation, it is preferable to do the muting via rate-matching in which Rel-10 UEs are aware of the locations of the muted REs.  This requires signaling from the pico to inform UEs the muted RE locations.  This effectively avoids the CRS interference at the expense of reducing number of data REs.  This throughput reduction is not significant to the system as it is expected only small portion of UEs (e.g. cell edge UEs) require this RE muting.  Also, eNBs can control the interference more effectively rather than just relying on UE IC capability to make sure the system works well under CRS interference.  Since RE muting with CSI-RS is agreed, it is natural to extend this support to CRS.  
3. CSI measurements with restricted subframes
In this section, we discuss about the link adaptation issues with restricted CSI measurements. 
Figure 2 shows an example of eICIC scenario under macro-pico deployment.  The macro cell does DL transmission on even subframes and ABSs are on odd subframes.  For pico cell, there are DL transmissions on all subframes.  For the subframes corresponding to ABSs of the macro (i.e. odd subframes), cell edge UEs have a higher priority to be scheduled.  In the example, we have two UEs served in pico.  UE1 is a non-cell edge UE while UE2 is a cell-edge UE.  Priority is given to UE2 in odd subframes but whenever UE2 doesn’t have traffic, UE1 can be scheduled in the odd subframes.  In this case, interference condition can be quite different for the transmissions in odd and even subframes.  UE1 and UE2 can do the CSI measurements based on the pattern1 and pattern2 respectively.  If UE1 follows the measurement pattern1 to do the CSI measurement, the MCS assigned to UE1 based on the feedback can be too conservative in the transmission done in odd subframes. On the other hand, the MCS can be too aggressive if UE1 measures all subframes.  Also, it is hard to strictly draw a line to define cell edge UEs as channel is varying.  It would be better if the decision of identifying cell-edge UEs can be based on some more dynamic feedback like CQI.  However, it would be difficult to do this with one set of CSI measurements based on restricted subframes. 
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Figure 2 Example of macro-pico eICIC scenario
To solve the issues, we propose to do two set of CSI measurements (one for ABS, another for non-ABS) to reflect different interference conditions in ABS and non-ABS subframes.  There can be two alternatives to support this:

1. Two CQIs feedback 

For those UEs which can be scheduled in both ABS and non-ABS subframes, two CQIs are fed back based on the CSI-measurements on the ABS and non-ABS subframes respectively.  The CQIs can fed back alternately.  This way eNB can obtain dynamic CSI measured under both ABS and non-ABS subframes.  It helps eNB to do scheduling and perform more accurate link adaptation.  

2. One CQI feedback, two RSRQs feedback

For those UEs which can be scheduled in ABS and non-ABS subframes, two RSRQs are fed back based on the long term CSI-measurements on the ABS and non-ABS subframes respectively.  Along with the CQI feedback, another CQI can be derived based on the difference of the two RSRQs.  For example, CQI1 and RSRQ1 are fed back based on the measurement on non-ABS.  RSRQ2 is fed back based on the measurement on ABS.  CQI2 can be derived at eNB based on the CQI1 and the difference of the two RSRQs.  
ΔRSRQ= RSRQ2- RSRQ1

CQI2 = CQI1+ΔRSRQ
More dynamic CSI can be obtained from UE with alternative 1 but it requires more standardization effort on RAN1.  Both alternatives can help eNB to better identify cell edge UEs and perform more dynamic scheduling accordingly.  It also helps eNB to perform more accurate link adaptation.  In additional to better link adaptation on PDSCH, this can also help eNB to do link adaptation on PDCCH as interference condition can be different for PDSCH and PDCCH [5].  
The above discussion assumes CSI measurements based on CRS.  For CSI-RS, similar approach can be used but there is a problem of limited periodicity support (multiples of 5ms) on CSI-RS.  In this case, it is recommended to do PDSCH RE muting on macro cell corresponding to the CSI-RS REs of the victim pico cell based on the CSI-RS period so that pico UEs can do the CSI measurements without interference from macro cell.  
4. Conclusions

In this contribution, we have presented simulation results to show the performance impact of CRS interference from macro cell under macro-pico deployment.  We conclude that CRS interference is not negligible based on the simulation results.  Regarding CSI measurements, we discuss the issue about measurement based on restricted subframes.  Our proposals to solve these two issues are:

Proposal 1: Use RE muting at transmitter side of pico. Signaling design for RE muting corresponding to CRS can follow the design which is being discussed in the CSI-RS agenda.
Proposal 2: Pico eNB can configure UEs to perform two sets of CSI measurements based on the subframes corresponding to ABS and non-ABS of the interfering macro eNB.  Pico eNB can configure UEs to feed back both sets of CSI measurements (i.e. two CQIs or two RSRQs).
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Appendix: simulation assumptions

Table A1 Simulation Assumptions 
	Parameters
	Assumptions

	Antenna configuration
	2x2

	Channel Model
	EPA

	Number of CRS ports
	2

	Channel estimation 
	LMMSE 

	Bandwidth
	4PRBs
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