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1
Introduction
 In Rel-10 eICIC discussion, RSRQ definition was changed from “comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0” to “RSSI is measured over all OFDM symbols in the indicated subframes.” taking into account the restriction subframe configuration. In Rel-11 FeICICI discussion, while CRS cancelling/ puncturing are considered, RSRQ definition for these UE behabiour was not discussed. In this contribution, we discuss RSRQ definition for FeICIC.

2
Discussion
On UE supporting CRS cancelling/ puncturing, the demodulation receiver would be outperformed by cancelling CRS interference from dominate macro cells. 9 dB CRE is assumed taking into account these UE behabiour, while 6 dB CRS was assumed for Rel-10 non-CRS cancelling behabiour. When RSRQ calculation methodologies is not taken into account CRS cancelling/ puncturing, however, measured RSRQ would not be aligned to the demodulation performance. Table 1 shows the RSRQ analysis results based on the following calculation. One is the “before CRS cancelling” as same as Rel-10 eICICI RSRQ definition. Another is RSRQ calculation after CRS cancelling. The difference between these equations is only CRS interference level from dominate macro cell, and 1 dominate macro cell with 9 dB CRE offset is assumed.

· RSRQ calculation before CRS cancelling (Same as Rel-10 eICIC RSRQ)

· 
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· RSRQ calculation after CRS cancelling

· 
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Table 1  Analysis of RSRQ measurement methodologies

	
	Before CRS cancelling
	After CRS cancelling
	Difference between CRS cancelling or not

	Low traffic load

(IPico=0)
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	9.51 (dB)

	High traffic load

(IPico=168 SCRS)
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	2.45 (dB)

	Difference between traffic load conditions
	3.14 (dB)
	10.21 (dB)
	

	Noted) 1 dominate macro cell is assumed. Same power density on between CRS and PDSCH, and SCRS >> N are assumed in order to analysis easily


Findings from these analyses are shown below:
· The difference between “Before CRS cancelling” and “After CRS cancelling” is 9.51 dB in low traffic load and 2.45 dB in high traffic load, respectively 
· The difference between measured RSRQ values on low traffic load is larger than that of high traffic load. NW impact may be small, however since RSRQ is important for HO and generally SINR is higher when load is small.

· The difference between “low traffic load” and “high traffic load” is 3.14 dB in “before CRS cancelling” and 10.21 dB ”after CRS cancelling”, respectively
· RSRQ measured before CRS cancelling is unresponsive to traffic load compared to Rel-8 RSRQ. So NW could not know the impact for traffic load difference.

· However, RSRQ uncertainty for traffic load difference would be almost same as Rel-10 case.
According to the discussion above, for traffic load especially, the NW impact related to RSRQ definition would be observed. When RSRQ calculation methodology is not taken into account CRS cancellation/ puncturing, HO may be occurred. It is because NW can not know UE position and interference condition whether macro cell is dominate or neighbour pico cells is dominate. It means that NW may configure HO parameter as same as Rel-10 eICIC and 6 dB CRE could be used for Rel-11 FeICIC even if CRS cancelling is worked well. On the other hand, RSRQ accuracy degradation should be also considered when RSRQ definition is revised.
Taking into account the above observation, the following alternatives for RSRQ definition on Rel-11 FeICIC could be assumed.

· Alt 1) RSRQ calculated after CRS cancelling/ puncturing

· Pros)
· RSRQ value aligns to RX behabiour, and no NW impact would be observed if RSRQ accuracy is same.
· Cons)
· UE implementation impact may be increased by employing CRS canceller/ puncturing to Searcher.
· RSRQ accuracy requirements may be degraded due to CRS cancellation error (channel estimation error etc).

· Alt 2) No changing RSRQ from Rel-10 eICIC 
· Pros) No UE implementation impact, and No changing RSRQ accuracy requirements
· Cons)
· NW may use 6 dB CRE bias and FeICIC gain would be degraded compared to 9 dB CRE case, or NW may optimise CRE bias/ cell individual offset taking into account traffic load and cell configuration.
· Alt 3) RSRQ = RSRP/ (RSSI – sum of RSRP on dominate macro cells to be cancelled)

· Pros) RSRQ could be calculated by measured RSRP and RSSI without CRS cancelling.
· Cons)

· RSRQ values could not be taken CRS puncturing into account.

· RSRQ accuracy maybe degraded by measuring of RSRPs on dominate macro cell.

From network operator’s point of view, it is preferable to feedback more accurate RSRQ taking into account the demodulation receiver performance and RSRQ accuracy.
Observation) It is preferable to feedback more accurate RSRQ value considering CRS cancellation behabiour taking into account RSRQ accuracy.
Proposal) RAN4 is respectfully asked to discuss and select the above alternatives taking into account the demodulation receiver performance and RSRQ accuracy..
3
Conclusion
This contribution discussed RSRQ definition for FeICIC, and our proposals are summarized as below:
Observation) It is preferable to feedback more accurate RSRQ value considering CRS cancellation behabiour taking into account RSRQ accuracy.
Proposal) RAN4 is respectfully asked to discuss and select the following alternatives taking into account the demodulation receiver performance and RSRQ accuracy.
· Alt 1) RSRQ calculated after CRS cancelling/ puncturing

· Alt 2) No changing RSRQ from Rel-10 eICIC 

· Alt 3) RSRQ defined as RSRP/ (RSSI – sum of RSRP on dominate macro cells to be cancelled)
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