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1
Introduction
In RAN4 #57AH, it was pointed out that the definition of RSSI should be modified in e-ICIC, because it has the following the problems:

· RSSI is currently defined as follows: 

· E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received 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.
· As a result, the aggressor cell CRS interference would be included in the RSSI measurements even in the non-colliding CRS case, when the aggressor cell frame timing is perfectly aligned with the victim cell frame timing. 
This contribution further discusses how the definition of RSSI should be modified in e-ICIC.
2
Discussion
In this section, we discuss how to define the RSSI in the following two cases. It is noted that “RSSI in e-ICIC case” means the RSSI measurements in the restricted sub-frames for the e-ICIC RRM measurements.
· RSSI in non e-ICIC case

· RSSI in e-ICIC case

RSSI in non e-ICIC case
If the definition of RSSI for R10 UE is modified for all cases, RSSI calculated by R8/ 9 UE would be different from the one calculated by R10 UE, and as a result some parameters might need to be signaled for R10 UE separately from R8/ R9 UEs. For example, when “ReportConfigEUTRA” for event A1/ A2 is configured and “triggerQuantity” is RSRQ, a1/ a2-Threshold for R10 UE might be different from the one for R8/ 9 UE. In order to avoid the above problems, it would be wise to keep the current definition of RSSI in non e-ICIC case.
Proposal 1: The R8/ 9 definition of RSSI should apply to non e-ICIC case in R10.

RSSI in e-ICIC case

In general, it would be quite difficult to identify the ideal definition of RSSI in e-ICIC case due to the following reasons:

· The interference from the aggressor cell would change symbol-by-symbol, and it would not be clear which symbol should be utilized for the ideal RSSI measurements. 

· The effects of the aggressor cell CRS would strongly depend on whether the CRS is colliding with the serving cell CRS or not.

· If MBSFN ABS applies to the aggressor cell, RSSI measured in the 1st OFDM symbol would be different from the one in the other OFDM symbols.

It implies that there would be no ideal definitions of RSSI in e-ICIC. Therefore, it would be sensible to derive the definition of RSSI in e-ICIC case from the following two-step approach, instead of seeking the ideal definition. 
· Step #1: Analyze whether or not there would be fundamental problems for the R8/ 9 definition of RSSI in e-ICIC case.
· If the problems of the current definitions could be solved by some NW operations, such as compensating for inaccurate RSRQ values in eNB, it would be acceptable although it would not be the best solution.
· Step #2: If the fundamental issues are identified, the RSSI should be measured in all OFDM symbols for one sub-frame.

· Using all OFDM symbols for one sub-frame would be quite simple and aligned with the original definition of RSSI, which corresponding to the total received power including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 
We further discuss how to define the RSSI in e-ICIC case based on the above approach. 

Figure 1 presents estimated RSRQ for various I/ S and S/ N values in full load case for the serving cell. The estimated RSRQ is calculated in the following: 
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Note 1: S, N, and I represent the power per resource element for the serving cell, the thermal noise and the aggressor cell, respectively (See Figure 2).
Note 2: 
[image: image3.wmf]serving

n

 is the number of sub-carriers transmitted in the serving cell. It is 12 in full load case.

Note 3: 2TX and 3 dB CRS power boosting is assumed in the calculation.

Note 4: RSRQ New corresponds to the RSRQ, in which RSSI is measured for all the OFDM symbols in one sub-frame. 
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Figure 1
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Figure 2
From the results, it can be seen that the estimated RSRQ would be strongly affected by SIR (S/ I), and the RSRQ estimation error caused by the SIR would change as SNR would change. For example, the error caused by 10 dB SIR in 10 dB SNR is much larger than that in -5 dB SNR, in which the thermal noise is dominant and is less sensitive to the aggressor cell CRS interference. It implies that eNB would need to offset the reported RSRQ utilizing the estimated SNR and SIR. Since the SNR and SIR could be derived from the reported CSI in the protected sub-frames and the RSRP measurement results for the aggressor cell, eNB could compensate for the inaccurate RSRQ values, which are reported from e-ICIC UE. 
In case of event triggered reporting, however, such errors would need to be taken into account in “cellIndividualOffset” for Event A3 or thresholds for other events, such as “a1/ a2/ a4/ a5-Threshold”, which are configured by RRC signaling. If the offsets/ thresholds would be reconfigured based on the SNR and SIR values in order to compensate for the inaccurate RSRQ, the number of RRC signaling would increase and the system efficiency would be degraded. 
Based on the analysis, it is concluded that the R8/ 9 definition of RSSI could still work in e-ICIC to some extent, but some drawbacks could not be solved by eNB compensation. Therefore, it is proposed that the RSSI, which is measured in all OFDM symbols for one sub-frame, should be measured in the protected sub-frames, because it would be less sensitive to the SIR, as shown in Figure 1. 

Proposal 2: RSSI should be measured for all OFDM symbols in one sub-frame in e-ICIC case. 

3
Draft CR in TS 36.214

In this section, we provide a draft CR for TS 36.214 based on Proposals 1 and 2.

++++++++++++++++++++++++++++++++++++++
5.1.3
Reference Signal Received Quality (RSRQ) 
	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

In sub-frames, which are signalled as e-ICIC TDM sub-frame patterns for RRM measurements, E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed in all OFDM 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. 
Otherwise, E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received 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. 

The reference point for the RSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


++++++++++++++++++++++++++++++++++++++
4
Conclusions

In this contribution, we discussed how to define the RSSI in the protected sub-frames for e-ICIC. Our proposals are summarized below:
Proposal 1: The R8/ 9 definition of RSSI should apply to non e-ICIC case in R10.
Proposal 2: RSSI should be measured for all OFDM symbols in one sub-frame in e-ICIC case. 
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