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1
Introduction
During RAN4#63, it was agreed to complete existing Rel-10 eICIC requirements on demodulation/CQI and to continue rank indication (RI) requirements study under TEI11. In this contribution, we provide preliminary results to assess the feasibility of RI requirements under ABS interference unknown to the baseline receiver. Based on these results, we identify a number of issues in case existing RI testing methodology would be directly applied to Rel-10 eICIC.
2
Simulation results
In this section we provide preliminary results in order to assess the feasibility of RI requirements under almost blank subframe (ABS) interference. The primary goal is to illustrate the challenges faced with link/rank adaptation for a Rel-8/9 baseline receiver: we investigated the link performance with/without interference for each individual transport block size (TBS) defined in Section 9.5 of TS36101 in the context of Rel-8/9 RI tests [2]. Transmission mode 3 was assumed, HARQ is disabled and CRS do not collide between serving and aggressor cell. The parameterization is otherwise the same as the one used in reference [3].
Figure 1 illustrates the block error rate (BLER) for codeword 0 versus Es/Noc2 asuming TM3 rank-1 transmission for each TBS defined in Table A.4-3a of [2]. Comparing the BLER performance of the single cell case (no interferer, constant Noc1=Noc2 across the subframe) to the one under eICIC ABS interference (aggressor D/Noc1=10dB, aggressor D/Noc2=6dB), the following can be observed:
· A compensation mechanism takes place where the positive impact on BLER of lower noise level in non-CRS symbols is overcome to some extent by CRS interference in ABS;
· The higher the modulation order and code rate, the larger is the loss in performance (up to ~1dB at 10% BLER target) compared to the case without any interferer.
From a link adaptation perspective, the following can be inferred from Figure 1:
· A typical CQI adaptation targets ~10% BLER for the first transmission, which is illustrated by the black circled line in the figure showing the corresponding CQI switching points; note that link adaptation has not been simulated here and the black circled curve is an indication of what link adaptation should aim at.
· A Rel-8/9 baseline receiver is blind to ABS interference (non-colliding CRS are assumed) and ideally performs CQI prediction along the BLER curves corresponding to the absence of ABS interference (in black);
· However, the corresponding BLER performance is degraded and BLER at the CQI switching points is in reality higher (15 – 50%) most of the time, which is illustrated by the red circled line in the figure; similar observation was made in reference [3].
· The associated throughput performance is depicted in Figure 2 and a significant drop in performance (8 – 85% throughput loss) is observed for Es/Noc2 between 12 – 22 dB.
Previous observations also hold true for TM3 rank-2 transmission, based on the results in Figure 3 and Figure 4.
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Figure 1: Rank-1 – Link adaptation 10% target BLER (no interferer) and actual BLER under ABS interference.


	[image: image2.emf]-5 0 5 10 15 20 25

0

5

10

15

20

25

30

35

Es/Noc2 [dB]

Throughput [Mbps]

TM3 - Rank 1, 10MHz, 2x2, EPA5, non-MBSFN-ABS, non-colliding CRS

 

 

Rank 1 - No interferer

Rank 1 - D/Noc1=10dB, D/Noc2=6dB


Figure 2: Rank-1 – Throughput at 10% target BLER (no interferer) and actual throuhgput under ABS interference.
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Figure 3: Rank-2 – Link adaptation 10% target BLER (no interferer) and actual BLER under ABS interference.
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Figure 4: Rank-2 – Throughput at 10% target BLER (no interferer) and actual throuhgput under ABS interference.


3
Discussion
In this section, we discuss previously presented results and analyse them from the perspective of RI testing. 
Similarly to what was observed during investigations for the CQI testing framework for Rel-10 eICIC [1], a compensation mechanism is expected to take place with pessimistic CQI due to higher Noc2 level in CRS symbols being overcome by the impact of CRS interference which a Rel-8/9 baseline receiver is not aware of. However, there is no full compensation and results in Section 2 show most of the time significantly larger BLER and throughput degradation due to the CQI mismatch. It is worth to be noted that the analysis assumed ideal switching points at 10% target BLER while realistic CQI adaptation will show some jitter around this value depending on SNR level and CQI tuning of the particular UE under test. As a result, BLER and throughput degradation may turn to be even higher in practice and CQI/rank adaptation may then become unstable. It is reminded that BLER in ABS subframes was not retained as a criterion for CQI testing in Rel-10 eICIC, precisely because associated CQI adaptation cannot be expected to be reliable under the assumption of a Rel-8/9 baseline receiver. 
Observation 1: 
A compensation mechanism takes place where the positive impact on BLER of lower noise level in non-CRS symbols is overcome to some extent by CRS interference in ABS; 
Observation 2: 
The higher the MCS, the larger the BLER (15-50%) and loss in performance (up to ~1dB), which may compromise the stability of CQI/rank adaptation.
Observation 3: 
It is reminded that BLER in ABS subframes was not retained as a criterion for CQI testing in Rel-10 eICIC, precisely because the associated CQI adaptation may not be reliable.
It should be also be noted that previous observations apply for a particular choice of interference parameters, i.e. D/Noc1=10dB, D/Noc2=6dB. However, no conclusion can be drawn for other pairs of Noc values that may occur for instance in the field. For instance, pairs of Noc values with Noc1 and Noc2 closer of each other will likely incur larger impact to CQI/RI adaptation as there would be no compensation effect anymore. Interference studies conducted in RAN4 prior to the agreement on Noc levels showed a wide spread of conditions in terms of Noc1 and Noc2 levels. From a test case perspective, a Rel-8/9 baseline UE could be in position to fullfill an RI test however, in practical deployment there is no guarantee that reported CQI/RI would behave properly in terms of BLER/throughput. This heavily questions the significance of the test to our view. More investigations are thus needed under other interference conditions.
Observation 4: 
From a test case perspective, a Rel-8/9 baseline UE could be in position to fullfill the RI test, however, in practical deployment there is no guarantee that corresponding link/rank adaptation would behave properly in terms of throughput performance. Therefore, the significance of an RI test under ABS interference is questionable.
Existing RI testing methodology in Rel-8/9 relies on throughput ratios 1=TRA/TR1 and 2=TRA/TR2, where TRA, TR1 and TR2 are respectively the throughput for follow CQI & RI, the throughput for follow CQI and RI fixed to 1, the throughput for follow CQI and RI fixed to 2. Provided simulation data hints that potential issues may arise with such methodology:
· CQI/RI adaptation may not be reliable and the resulting throughput may behave in an unpredictable manner; following the logic of the decision not to have explicit BLER criterion tested under ABS interference, in principle explicit CQI adaptation should not be part of RI testing in Rel-10 eICIC;
· Unpredictable throughput behaviour may translate to unreliable rank testing metrics when these are based on throughput ratios;
· Unreliable rank testing metrics make it difficult to specify associated requirements.
Observation 5: 
Existing Rel-8/9 RI testing methodology may have issues in Rel-10 eICIC because follow CQI and RI throughput may result from unstable link/rank adaptation.
RI testing was discussed for about one year in the context of Rel-10 eDL-MIMO. At that time, the goal of RI testing was identified as [4]

 REF _Ref292828034 \r \h 
[5]: 
1. that the UE report correct rank depending on the channel;

2. that the UE report correct CQI depending on the rank and it then can decode the transport blocks at correct BLER;

3. that the UE does not report rank depending on SNR.

It it seen that while points 1 and 3 may likely be accommodated, point 2 remains to our view the main issue which needs to be further studied. To our view, more investigations need to be done to assess the suitability of existing RI testing framework to TM3 in Rel-10 eICIC. Based on these observations, we propose the following way forward:
Proposal 1: 
Continue investigating the suitability of Rel-8/9 RI testing methodology for TM3 in Rel-10 eICIC.
Aspects such as number of test points and their SNR, the possibility to enable HARQ [3] to smooth out CQI mismatches as well as other test parameters need to be investigated further.
4
Conclusion
This contribution provided simulation results as well as analysis on the feasibility of RI requirements based on existing throughput-ratio based testing methodology. Based on the provided results, the following observations were made:
Observation 1: 
A compensation mechanism takes place where the positive impact on BLER of lower noise level in non-CRS symbols is overcome to some extent by CRS interference in ABS; 
Observation 2: 
The higher the MCS, the larger the BLER (15-50%) and loss in performance (up to ~1dB), which may compromise the stability of CQI/rank adaptation.
Observation 3: 
It is reminded that BLER in ABS subframes was not retained as a criterion for CQI testing in Rel-10 eICIC, precisely because the associated CQI adaptation may not be reliable.

Observation 4: 
From a test case perspective, a Rel-8/9 baseline UE could be in position to fullfill the RI test, however, in practical deployment there is no guarantee that corresponding link/rank adaptation would behave properly in terms of throughput performance. Therefore, the significance of an RI test under ABS interference is questionable.

Observation 5: 
Existing Rel-8/9 RI testing methodology may have issues in Rel-10 eICIC because follow CQI and RI throughput may result from unstable link/rank adaptation.

Based on these observations, we propose the following way forward:

Proposal 1: 
Continue investigating the suitability of Rel-8/9 RI testing methodology for TM3 in Rel-10 eICIC.
Overall, we strongly question the significance of RI tests for eICIC under Rel-10 timeframe, essentially because of the assumption of a Rel-8/9 baseline receiver. Since the receiver is not aware of CRS interference as well as of the imbalance between Noc1, Noc2 levels, such CQI/RI tests risk mandating specific tuning of a baseline implementation to pass 36.101 test cases rather than necessarily optimising for field conditions where different interference levels would be experienced. To our view, CQI/RI tests for eICIC become relevant only when the receiver will be able to mitigate the CRS interference in ABS. That will happen during Rel-11 timeframe, most likely.
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