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1 Background
The inclusion of TM3 rank-2 in eICIC performance requirements has been extensively discussed in the previous meetings. Link simulation results have been presented by different companies based on the simulation assumptions agreed in [1]. For example in [2], results for non-MBSFN ABS subframes have been shown for both non-colliding and colliding CRS case, for the interferer SNR levels of 1 dB, 5 dB and 10 dB. Similar to other companies’ results, the results in [2] indicate that to achieve any reasonable gain over TM2, the serving cell SNR must be very high, e.g., more than 20 dB SNR would be needed with moderate aggressor SNR. The switching point occurs around the serving cell SNR=10 dB or even higher with higher aggressor SNR, which is natural since relatively high SINR is needed to see the gain with rank 2.
The question raised has been which SNR levels are reasonable from the system point. This knowledge would determine a subset of the link results which could be justified for practical deployments. This particular issue is addressed in the current contribution.
2 Simulation results
Following the assumptions in [3], in this contribution we present additional simulation results for macro-pico scenario for configuration #4b with 4 pico cells per macro area with 24 dBm pico nodes, assuming offset of 6 dB. The results presented in this contribution are for non-MBSFN ABS subframes with full load in normal subframes. 

· Cell ID planning: to address a practical network scenario the planned macro layer is assumed, whilst the cell ID for the pico layer are assigned randomly. 
· CRS collision: CRS collision occurrence depends on the assigned Cell IDs. We define two scenarios:
· Colliding CRS scenario occurs for a UE when the strongest interferening cell and the measured cell have the same CRS shift (determined by PCIs [3GPP TS 36.211]). Note that both colliding and non-colliding CRS scenarios may happen with respect to other cells which are not the strongest interferers. In this contribution, results for this colliding CRS are provided.
· Non-colliding CRS scenario occurs for a UE when the strongest interfering cell and the measured cell have different CRS shift. Note that both colliding and non-colliding CRS scenarios may happen with respect to other cells which are not the strongest interferers.
· The following relation between the Es/Noc levels for the strongest and the measured cells is important to maintain when selecting the signal levels for requirements, where Iot and Noc are defined per RE and Noc includes all other interference which is not from the strongest interfering cell,
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The results are shown in Figure 1, where the Es/Noc levels of the measured and the strongest interfering cell are shown and also Es/Iot curves are plotted based on Eq. (1). The dot-markers are used to denote the combinations of ( (Es/Noc)0, (Es/Noc)1 ) observed by a pico UE. The dashed line is where the two signal levels are equally strong. One can see that the UE with Es/Iot<0 appear in the left upper part of the plot.
At least the following observations can be made:

· The CRE UEs are between the -7.5 dB and 0 dB isolines 

· these UEs are typically scheduled in restricted measurement subframes,
· other UEs are likely to be scheduled in normal subframes due to good interference conditions and are expected to meet the legacy requirements,

· UEs marked with black dots are very unlikely to be scheduled in restricted measurement subframes (or otherwise, the system resources are utilized inefficiently and losses at a system level are expected which would mean that the assumed deployment is not realistic).
· The up-to 15%-iles (red dots) of the Es/Iot distribution are approximately at -4 dB.

· The up to 50%-iles (red and blue dots) of the Es/Iot distribution are below 5 dB (see also Figure 2, separately plotted CDF).
· Most of the points are located around the point (5 dB, 5 dB), and most of the points within the 15%-ile of Es/Iot are around the (3 dB, 5 dB) point.
· With the 10 dB strongest interferer level, the measured cell signal level is 10 dB in average (which gives approx. Es/Iot=0 dB), which indicates that defining requirements with rank-2 is not appropriate since 20 dB measured cell signal level would be needed.
[image: image2.emf]-10 -5 0 5 10 15 20 25 30

-10

-5

0

5

10

15

20

25

30

(Es/Noc)

0

, [dB]

(Es/Noc)

1

, [dB]

 

 

-15

-15

-15

-7.5

-7.5

-7.5

-7.5

0

0

0

0

5

5

5

10

10

10

15

15

50-100%-ile

15-50%-ile

0-15%-ile

Isolines for Es/Iot, [dB]

(Es/Noc)

1

=(Es/Noc)

0


Figure 1. Simulation results for all pico UEs with colliding CRS (see Section 2), conf#4b(4), 6 dB bias;
x-axis is the (Es/Noc)0 for the measured cell,

y-axis is the (Es/Noc)1 for the strongest interfering cell,

isolines denote Es/Iot levels (e.g., -7.5 dB corresponds to the cell search side condition).

When deciding the signal levels, a realistic network and the connection to other requirements such as RRM requirements have to be kept in mind to ensure that also other physical signals and control channels, typically having worse interference conditions, can be detected and read properly in the assumed setup. Thus a margin shall also be allowed with respect to the Es/Iot levels assumed for performance requirements.
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Figure 2. CDF of the strongest interferer signal levels for all pico UEs.
In Figure 2, we show the CDFs for all pico UEs. The median occurs at 5 dB.
3 Proposals
Based on the simulation results, the following is proposed:

· Proposal 1: Specify performance requirements for colliding CRS case.
· Proposal 2: Allow for a margin to ensure performance of other signals and channels that typically operate in higher interference conditions.
· Proposal 3: (Es/Noc)1 is in a range [1 dB, 5 dB]
· With this level, the expected realistic measured cell signal level, (Es/Noc)0, would be in a range [1 dB, 5 dB].
· Proposal 4: No need in requirements with rank-2, since to achieve the gain, the measured cell signal level should be 20 dB or higher which is not realistic.
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