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1. Introduction
In RAN4 #57AH, the simulation assumptions for RRM with eICIC were agreed [1]. This agreement in conjunction with earlier agreements on the candidate TDM patterns [2] allows participating companies to calibrate simulation results over a limited set of side conditions. In [3,4], preliminary simulations for eICIC RRM requirements have been provided for a scenario with non-MBSFN ABS subframes. In [5], results were provided based on the agreed assumptions for both non-MBSFN and MBSFN configurations over a range of SNR values. In this contribution, we present further results with -4dB serving cell SNR and 5dB interferer SNR.
2. Simulation Results
In previous meetings, RSRP measurement accuracy simulations have been provided by multiple companies for normal ABS and MBSFN ABS configurations. In addition, two measurement periods of 200ms and 400ms are proposed for performance evaluation. The agreed candidate ABS patterns for FDD are as following:
· (1/8, 1, normal ABS)

[ 10000000, … ]
· (2/8, 2, normal ABS)

[ 11000000, … ]
· (3/20, 1, MBSFN ABS)
[ 1000010000 1000000000 ]
For all the simulation results presented below, we sampled 1 subframe out of every 40ms for RSRP measurements with 4 CRS symbols observations (SF 0). As a result, each RSRP measurement is obtained by averaging 5 and 10 samples for the 200ms and 400ms cases, respectively. 
Observations on the non-colliding RS cases: 

1. Due to this sampling method, the same RSRP measurement results are obtained for all three ABS patterns with non-colliding RS setup. 

2. For non-colliding RS, the same RSRP measurement results are obtained for different interfering cell SNR. In other words, the measurement accuracy is identical to Rel-8 single cell performance for the same serving cell SNR.
Observations on the colliding RS cases: 

3. The ABS pattern in the MBSFN case is defined over non-RSRP subframes of the serving cell. 

4. If there is no subframe shift, the RSRP measurement performance will be identical to the normal ABS case with colliding RS, which was shown to have severe performance degradation [4].

5. In the following simulations, interfering cell ABS subframe is modeled with MBSFN interference transmission, i.e., CRS is only transmitted in the first OFDM symbol. 

In Figures 1-3, the RSRP measurement results are shown for the non-colliding RS and the MBSFN colliding RS cases over AWGN, EPA5 and ETU70 channels. In all the results, we use (serving cell SNR, interfering cell SNR) = (-4dB, 5dB).
In Figure 1, the RSRP measurement accuracy over AWGN channel is shown. It is observed that measurement periods of 200 and 400ms do not have a significant impact on the measurement accuracy for this channel model. It is also observed that the MBSFN case with colliding RS has a positive bias of around 1dB compared to the normal ABS case with non-colliding RS. Previously in [5], we noted that the bias increases with the interfering cell SNR [5]. It should be noted that the actual bias could be impacted by both Cell ID and implementation differences.
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Figure 1 AWGN, comparing normal ABS with non-colliding RS and MBSFN ABS with colliding RS

In Figure 2, the RSRP measurement accuracy over EPA5 is shown. It is observed that with 200ms measurement duration, the 90% spread of measurements far exceeds the +-2 dB requirements for all SNR conditions. It is noted that 400ms measurement period could reduce the 90% spread by close to 2 dB compared to the 200ms measurement period. It is also observed that the MBSFN colliding RS cases have similar measurement accuracy as the normal ABS non-colliding RS cases.
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Figure 2 EPA 5Hz, comparing normal ABS with non-colliding RS and MBSFN ABS with colliding RS

In Figure 3, the RSRP measurement accuracy over ETU70 is shown. It is observed that 400ms measurement period could reduce the 90% spread by close to 1 dB compared to the 200ms measurement period in most cases. It is also observed that the MBSFN colliding RS cases have slightly larger spread compared to the non-colliding RS cases. The spread increase is close to 1 dB.
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Figure 3 ETU 70Hz, comparing normal ABS with non-colliding RS and MBSFN ABS with colliding RS
3. Discussion

One of the remaining open issues on RRM core requirements is the definition of Es/Iot. The following definition has been proposed in [10]:

Proposal 3: Iot for the protected sub-frames should not include any interference from the ABS macro cell.

We agree with this proposal based on the following observations. First of all, it was agreed that minimum performance of RRM should be defined based measurements of CRS of the target cell as in Rel-8/9 except for the subframe restriction. This implies that only CRS Ês/Iot should be considered for the test condition. Furthermore, it was agreed that non-colliding RS should be assumed for defining normal ABS configuration performance. For non-colliding RS, the CRS Ês/Iot does not capture the interference from the ABS of interfering cell. For MBSFN colliding RS, the CRS Ês/Iot does not capture the interference from the ABS of interfering cell symbols 4,7,11. 

Proposal: The Iot definition in the RRM tests for eICIC should be clarified as following:

· Target cell Iot over interfering cell ABS subframes does not include any interference from the interfering cell.

· Target cell Iot over interfering cell non-ABS subframes include interference from the interfering cell.

· Interfering cell Iot over all subframes include interference from the interfering cell.

Current specification defines the following side condition for RSRP measurement accuracy:

Table 9.1.2.1-1: RSRP Intra frequency absolute accuracy

	Parameter
	Unit
	Accuracy [dB]
	Conditions1

	
	
	Normal condition
	Extreme condition
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 24, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43
	Bands 2, 5, 7
	Bands 3, 8, 12, 13, 14, 17, 20
	Band 9

	
	
	
	
	Io
	Io
	Io
	Io

	RSRP for Ês/Iot ( -6 dB
	dBm
	(6 
	(9
	 -121dBm/15kHz … -70dBm/ BWChannel
	-119dBm/15kHz … -70dBm/ BWChannel
	-118dBm/15kHz … -70dBm/ BWChannel
	-120dBm/15kHz … -70dBm/ BWChannel

	RSRP for Ês/Iot ( -6 dB
	dBm
	(8
	(11
	-70dBm/ BWChannel … -50dBm/ BWChannel
	-70dBm/ BWChannel … -50dBm/ BWChannel 
	-70dBm/ BWChannel … -50dBm/ BWChannel
	-70dBm/ BWChannel … -50dBm/ BWChannel

	Note 1. Io is assumed to have constant EPRE across the bandwidth.


If higher-layer signalling indicates time domain measurement resource restriction for RRM measurements according to [2], the RSRP accuracy should be met in the presence of a dominant interfering cell with [5] dB SNR. The Ês/Iot condition should be satisfied based on the signalled MeasSubframePattern, where “1” denotes that the corresponding subframe is used for measurement with low inter-cell interference. It was also agreed in RAN4#58 that the tentative Ês/Iot level should be set to [-4] dB for the requirement defintion. The side condition could then be updated to the following:
Table 9.1.2.1-1: RSRP Intra frequency absolute accuracy with time domain measurement resource restriction
	Parameter
	Unit
	Accuracy [dB]
	Conditions1

	
	
	Normal condition
	Extreme condition
	Bands 1, 4, 6, 10, 11, 18, 19, 21, 24, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43
	Bands 2, 5, 7
	Bands 3, 8, 12, 13, 14, 17, 20
	Band 9

	
	
	
	
	Io
	Io
	Io
	Io

	RSRP for Ês/Iot ( -4 dB
	dBm
	(6 
	(9
	 -121dBm/15kHz … -70dBm/ BWChannel
	-119dBm/15kHz … -70dBm/ BWChannel
	-118dBm/15kHz … -70dBm/ BWChannel
	-120dBm/15kHz … -70dBm/ BWChannel

	RSRP for Ês/Iot ( -4 dB
	dBm
	(8
	(11
	-70dBm/ BWChannel … -50dBm/ BWChannel
	-70dBm/ BWChannel … -50dBm/ BWChannel 
	-70dBm/ BWChannel … -50dBm/ BWChannel
	-70dBm/ BWChannel … -50dBm/ BWChannel

	Note 1. Io is assumed to have constant EPRE across the bandwidth.
Note 2. Io is defined over restricted resources which do not include interference from the interfering cell.


In the case of RSRQ measurement accuracy, the RSSI definition has been changed to averaging over the full subframe for time domain measurement resource restriction in 36.214. RSSI over ABS subframe has a moderate increase compared to the case of non-restricted measurements due to the CRS transmission in the ABS subframe.

Under the condition of target cell SNR of -4 dB and interfering cell SNR of 5 dB, the RSSI over the ABS subframe relative to the noise could be computed as following:

RSSI_no_interference  = 1 + target cell SNR = 1.46 dB
RSSI_normal_ABS = 1 + target cell SNR + 4 * (interfering cell SNR) / (14 *3) = 2.30 dB

RSSI_MBSFN_ABS = 1 + target cell SNR + 1 * (interfering cell SNR) / (14 *3) = 1.68 dB

 These bias should be properly captured in the performance requirements.
4. Conclusions

In this contribution, additional simulation results are provided for RSRP measurements at agreed test side condition (target cell SNR =  -4 dB and interfering cell SNR = 5 dB) . It was observed for non-colliding RS the same RSRP measurement results are obtained for different interfering cell SNR. In other words, the measurement accuracy is identical to Rel-8 single cell performance for the same serving cell SNR. 
Observation 1: For non-colliding RS, target cell SNR of -4 dB and interfering cell SNR of 5 dB could be used to define RSRP/RSRQ measurement accuracy requirements.

For colliding RS and MBSFN ABS configuration, +/-1 dB bias could be observed depending on implementation and cell ID over AWGN channel. MBSFN ABS configuration with colliding RS is also observed to have larger measurement error compared to normal ABS configuration with non-colliding RS ETU70 channels for the same measurement period. One potential solution to reduce the measurement error is to increase the measurement period to 400ms.
Observation 1: For colliding RS with MBSFN ABS configuration, target cell SNR of -4 dB and interfering cell SNR of 5 dB could be used to define RSRP/RSRQ measurement accuracy requirements if measurement period is relaxed to 400ms.

This contribution also addresses the issue on how to define Es/Iot for eICIC. It was proposed that the target cell Iot over interfering cell ABS subframes does not include any interference from the interfering cell. The proposed changes are captured in a draft CR [6].
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