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1
Introduction
Rel-10 eICIC radio link monitoring (RLM) requirements were discussed during RAN4#61 as part of an adhoc session on eICIC RRM [1]. Good alignment of PDCCH BLER results [2] was observed and most of the discussion focused on how to derive RLM thresholds based on SNR results at verification point (Qin, Qout). Besides the methodology to derive the SNR thresholds, necessary margins for Rel-10 eICIC RLM requirements have not been discussed in depth to date. This contribution analyses the need for increased margins in more details and also shows to which extent Rel-10 eICIC RLM differs from its Rel-8/9 counterpart.
2
Consistency of RLM under Rel-10 eICIC
The goal is here to analyze what kind of RLM performance one expects from Rel-10 eICIC and CRS interference in ABS compared to Rel-8/9 RLM in absence of dominant interferer. For this purpose we recall the analysis in [4].
2.1
Out-of-sync
Out-of-sync performance is investigated in terms of BLER in the AWGN case in Figure 1 for non-MBSFN-ABS & non-colliding RS. We distinguish two types of BLER performance:

· Actual PDCCH BLER: this is the BLER that the UE would experience when the PDCCH is really transmitted. This is for comparison purposes only: in RLM, as explained below, no PDCCH is actually transmitted. 

· Hypothetical PDCCH BLER: this is the BLER the UE hypothetizes based on the SINR estimates stemming from measurements over the serving cell CRS. Radio link failure (RLF) is built upon the concept of hypothetical BLER versus the threshold Qout. In Section 7.6 in [5] it reads: “The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-1”. 

The corresponding RLF performance in terms of average out-of-sync rate [%] is shown in Figure 2. Vertical bars depict the corresponding SNR thresholds SNR2 and SNR3 defined in RLM test cases found at Section A.7.3 of [5]. We distinguish the declared RLF performance based on the hypothetical BLER from the ideal RLF performance based on the actual/real PDCCH performance. This is again for comparison purposes only since no PDCCH is actually transmitted for RLF determination. For consistency of RLF, it is important that the BLER hypothesised by the UE using CRS measurements represents as closely as possible the actual BLER. Under TDM eICIC, assuming a Rel-8/9 baseline receiver, a mismatch between these two BLER quantities occurs. The hypothetical BLER does not account for the CRS interference in ABS because of the assumption on the Rel-8/9 baseline receiver and hence the hypothetized performance is better than the actual one. Such mismatch ranges from ~0.5 to ~2 dB for interferer levels from 0 to 10 dB respectively based on link simulation data [6]. In Figure 2, we observe that as long as the actual BLER performance under an ABS interferer stays below Qout for SNR > SNR2, in Figure 2 the corresponding RLF behaviour based on the hypothetized BLER stays consistent with the actual/ideal one (based on the real PDCCH performance). Nevertheless, a relaxation to RLM thresholds for eICIC is necessary to provide sufficient implementation margins.
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Figure 1: Out-of-sync BLER performance (AWGN), non-MBSFN-ABS and non-colliding CRS.
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Figure 2: Out-of-sync declaration (AWGN), non-MBSFN-ABS and non-colliding CRS.


2.2
In-sync

In-sync performance is now investigated. The concept of hypothetical BLER is here compared against the threshold Qin. In Section 7.6 in [5] it is defined as: “The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-2”. 

The analysis is conducted similarly to the out-of-sync case. The BLER performance (Figure 3) allows us to conjecture the in-sync performance in terms of average in-sync rate [%] (Figure 4). Vertical bars depict the corresponding SNR thresholds SNR4 and SNR5 defined in RLM test cases found at Section A.7.3 of [5]. For consistency of in-sync declarations, it is important that the BLER hypothesised by the UE using CRS measurements represents as close as possible the actual BLER. Similarly to out-of-sync, under TDM eICIC, a mismatch between these two BLER quantities occurs. In Figure 3, we observe that as long as the actual BLER performance under an ABS interferer stays below Qin for SNR > SNR5, in Figure 4 the corresponding in-sync behaviour based on the hypothetized BLER stays consistent with the actual/ideal one based on the real PDCCH performance. Nevertheless, a relaxation to RLM thresholds for eICIC is necessary to provide sufficient implementation margins.
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Figure 3: In-sync BLER performance (ETU70), non-MBSFN-ABS & non-colliding CRS
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Figure 4: In-sync BLER declaration (ETU70), non-MBSFN-ABS & non-colliding CRS


3
Setting SNR thresholds for Rel-10 eICIC RLM

The methodology used in Rel-8 specification definition to derive SNR thresholds in RLM test cases [7] is as follows: 

1. SNR2 = Qout + margin1 dB

2. SNR3 = Qout – margin1 dB

3. SNR4 = Qin – margin2  dB

4. SNR5 = Qin + margin2  dB

5. And finally, SNR1 = SNR5.

6. Qout and Qin correspond to the average of SNR points from simulation results of different companies for out-of-sync and in-sync PDCCH formats respectively.
During Rel-8 RAN4 work, a tolerance +/-margin1=3dB and +/-margin2=2.5dB around Qout/Qin levels was introduced to accommodate for signal level variations post-Layer 1 filtering as the ETU 70 Hz channel is one of the test channels used. The resulting SNR thresholds are illustrated in Figure 5. 
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Figure 5: SNR thresholds in RLM test cases.

In Rel-8/9, other cell interference was modelled as AWGN throughout all resource elements in the subframe. The difference with Rel-10 eICIC is that in addition to this, there exists an ABS type of interference from a dominant interfering cell. Previous analysis highlighted the need consistency of out-of-sync and in-sync declarations against experienced radio link quality. As such, this goes beyond the scope of the current RLM test setup but is still of high importance in real eICIC network deployment. Based on results in Section 2, it becomes obvious that RLM thresholds need to be relaxed because Rel-10 eICIC assumes use of a Rel-8/9 baseline receiver, and the baseline receiver is thus unaware of CRS interference in ABS from a dominant macro cell interferer. In particular:

· For out-of-sync thresholds, the following approach is recommended:
· Increase SNR2 threshold to avoid the UE being effectively out-of-sync too early (i.e. at SNR higher than SNR2 because of CRS interference) while not declaring it.
· Leave SNR3 threshold untouched wrt. Rel-8/9: the motivation for that would be that the 5 dB interferer in the test case may not be present at such level in real deployments. For instance, if the dominant interferer has lower level, the situation would be closer to Rel-8/9 and thus RLM margins would otherwise become unnecessarily tighter.
· For in-sync thresholds, the following approach is are recommended:

·  Increase SNR5 threshold to avoid the UE not being effectively in-sync (i.e. at SNR higher than SNR5 because of CRS interference) while declaring in-sync.
· Leave SNR4 threshold untouched wrt. Rel-8/9: similarly to the out-of-sync case, if the interferer is present at lower level in reality, the situation is closer to Rel-8/9 and RLM margins should not then be tightened.
In general, one should bear the following aspects in mind:
1. RLM link performance evaluations [1][2] assumes true PDCCH performance (i.e. BLER vs. SNR in the event PDCCH would be transmitted) whereas RLM relies upon the concept of hypothetical BLER as discussed in Section 2, the latter being agnostic to non-colliding CRS interference in ABS. SNR thresholds purely derived based on true PDCCH performance may therefore lead to inconsistent RLM in practice because of the mismatch between true and hypothetized performance.
2. A positive bias in hypothetized BLER vs. true BLER was observed in results in Section 2. Note that these assume a single Noc level as agreed for RLM test cases. In reality, the interference conditions were found to be much more complex during RAN4#61 discussions which led to an interference model with two Noc levels for eICIC demod/CSI requirements [10]. This means that in practice, depending on given macro and interfering pico eNodeB power, ABS utilization and traffic conditions a Rel-10 UE may encounter either positive or negative bias of hypothetized vs. true PDCCH link performance without being aware of it.
3. RAN4 simulations assume a 5 dB interferer, while in real deployments the interference level can be close to arbitrary. If this level is higher than 5 dB, Rel-10 requirements cannot likely guarantee consistent RLM because of the assumption on a Rel-8/9 baseline receiver. On the contrary, if the level is lower than 5 dB, as discussed above, with reduced interference the situation tends to be closer to Rel-8/9 and one cannot afford degraded Rel-10 eICIC RLM performance in this case. In other words, optimizing RLM thresholds using true PDCCH performance for a fixed 5 dB interferer corresponds to optimising the UE to pass 36.133 test cases rather than necessarily optimising for field conditions where a range of ABS interference levels can be expected. 
Based the above considerations, in order to guarantee consistency of eICIC RLM and field deployments with different interference level than 5 dB, we propose the following modifications for setting the RLM thresholds in Rel-10 eICIC:
1. SNR2 = Qout + margin1 dB + [x] dB

2. SNR3 = Qout – margin1 dB

3. SNR4 = Qin – margin2  dB

4. SNR5 = Qin + margin2  dB + [y] dB
5. And finally, SNR1 = SNR5.

6. Qout and Qin correspond to the average of SNR points from simulation results of different companies for out-of-sync and in-sync PDCCH formats respectively.
We propose to select margin1=3dB and +/-margin2=2.5dB ie. using the same values as Rel-8/9 and to introduce additional margins x and y on SNR2 and SNR5 thresholds respectively. As discussed in [3], we propose to select x=y=1 dB as it corresponds in average to the observed degradation between the single cell case (i.e. Rel-8/9 performance) and the performance with a 5 dB interferer (Rel-10 eICIC). Note that x=1.5 dB was proposed in reference [8] and the need for increased margins is also motivated in [9]. Based on the link level results in [3] in Table 1 below, the proposed way of setting the threshold leads to the outcome in Table 2. In case RAN4 adopts the proposed methodology, average of SNR points from simulation results of different companies can be used as basis for deriving the thresholds.
Table 1: Serving cell SNR at verification point from reference [3].
	Scenario
	Verification point
	SNR at verification point [dB]

	RLM-1
	Qout=10% BLER
	-8.8

	RLM-2
	Qin=2% BLER
	-4.3


Table 2: RLM thresholds for Rel-10 eICIC for FDD and TDD derived based on proposed methodology.

	RLM test case
	SNR1[dB]
	SNR2 [dB]
	SNR3 [dB]
	SNR4 [dB]
	SNR5 [dB]

	Out-of-sync
	-0.8 
	-4.8
	-11.8
	-
	-

	In-sync
	-0.8
	-4.8
	-11.8
	-6.8
	-0.8


For TDD, performance is assumed to be the same since PDCCH demodulation would be very similar.

4
Conclusion
This analysis in this contribution confirms the need for increased margins in Rel-10 eICIC RLM compared to Rel-8/9. We conclude on the following proposals: 
Proposal 1: Apply the same RLM thresholds in FDD and TDD test cases.
Proposal 2: Consider two following option for setting the RLM thresholds for Rel-10 eICIC:
1. SNR2 = Qout + margin1 dB + [x] dB
2. SNR3 = Qout – margin1 dB
3. SNR4 = Qin – margin2  dB
4. SNR5 = Qin + margin2  dB + [y] dB
5. And finally, SNR1 = SNR5.
6. Qout and Qin correspond to the average of SNR points from simulation results of different companies for out-of-sync and in-sync PDCCH formats respectively.
Proposal 3: Select the value of x=y=[1] dB in Proposal 2.
The approach is intended to ensure that good RLM behaviour can be maintained with a range of dominant interference up to 5dB, while making use of Release 8/9 baseline receiver which will not have visibility on the dominant interferer in its CRS measurements and the derived hypothetical BLER.
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