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1
Introduction
During the RAN4#59 Barcelona meeting, some initial ways forward on UE demodulation and CSI measurement verification are approved in [1]. The agreements were:
· WF1: TM 1 (single antenna port) should be used and additionally TM 2 (SFBC) should be used. Inclusion of Rank 2 transmission with TM3/4 will be evaluated until next meeting.
· WF2: Consensus on including Option 1 and 2. Tests will be defined for these options. Option 3 still considered until next meeting and proponents are expected to provide further analysis for this option.
Option 1:Non-colliding RS with non-MBSFN ABS configuration

Option 2: Colliding RS for MBSFN ABS configuration

Option 3: Colliding RS for non-MBSFN ABS configuration
· WF3: Initial requirements should be defined for UE categories [1] – 8  for 10 MHz. UEs to be tested only for 1 category since Rel-10 UE cat 6-8 also have a Rel-8 category.
· WF4: The demodulation performance should be verified for PDSCH with CFI=3. Further discussion needed on CFI for PDCCH/PHICH requirements.
In this contribution, we provide our considerations on the above agreements and propose verification test setup for CSI measurement and UE demodulation.
2
Discussion
2.1
Bitmap pattern design for CSI performance verification
It is known the design of eICIC features (e.g. time-domain resource partitioning) are intended to be used specifically in Heterogeneous network deployment for the purpose of coordinating inter-cell interference between the interfering and the serving cells. The mechanism of configuring Almost Blank Subframe (ABS) in the TDM scheme is done by semi-statically updating first an ABS bitmap pattern via X2 interface from the interfering Micro to the serving Pico eNB along with a second bitmap pattern which can be a subset of the first bitmap recommending to the Pico node for configuring restricted subframe measurements (RRC signalling) [2]. An example set of bitmap patterns for ABS and restricted measurements with 40ms pattern period could be defined as follows.
· ABS bitmap:
[1110011100, 1110011100, 1110011100, 1110011100]

· Restricted measurements bitmap (P_R): [1110000000, 1110000000, 1110000000, 1110000000]

In the restricted CSI measurement, 0 or 2 subsets of subframes can be configured per UE and CSI reporting must follow the subset subframe bitmaps if configured [3]. An example usage of the 2 subsets of subframes is also given in [3] that “the first subset of subframes could be chosen to indicate the expectation that they are subject to a different level of interference than in the second subset of subframes. Any difference in average interference level could then be reflected in the CSI reports linked to each subset”. To ensure the configured bitmaps for restricted CSI measurement are correctly followed by the UE, CQI reporting accuracy test in “time-selective interference” scenario should be set up to verify the UE’s reporting behaviour under both low and high interference conditions. This can be accomplished by defining the first bitmap pattern to measure only the ABS subframes with non-colliding RS (low interference) and the second bitmap to measure the non-ABS subframes with full scheduling in Macro downlink (high interference). Then a reporting accuracy requirement could be defined to measure the difference in reported CQI values from each subset and performance verification could be further complemented by checking the throughput ratio when their median CQIs are applied. Inter-cell interference level could be set at 6dB which corresponds to approx. 2 – 3 CQI levels and the MBSFN type of ABS subframes should be assumed to minimise the impact to the throughput performance.
Continuing on the above example of ABS bitmap, the 2 subsets of subframe for the CQI performance test could be defined as:
· 1st subframe subset for CSI (P_CSI1):
[1110011100, 1110011100, 1110011100, 1110011100]

· 2nd subframe subset for CSI (P_CSI2):
[0001100011, 0001100011, 0001100011, 0001100011]

where the first subset of subframes following the same pattern as the ABS bitmap for measuring the low interference subframes and the second subset is to measure subframes with higher level of interference. The interference pattern should then also follow the same bitmap as the P_CSI2 presenting fully loaded Macro downlink transmission in non-ABS subframes.

· Interference pattern bitmap (P_Int):
[0001100011, 0001100011, 0001100011, 0001100011]

As for the scheduling patterns when measuring throughput performances, subframe #0 and #5 are normally reserved (not used in scheduling downlink transmission) in CSI tests due to the presence of other common channels and physical signals. At the same time, the same number of downlink subframes should also be balanced between the different scheduling patterns, so it would seem quite feasible to use the following ABS and non-ABS subframe scheduling patterns corresponding to CSI measurement pattern 1 and 2, respectively.
· ABS subframe scheduling (P_S1):
[0110001100, 0110001100, 0110001100, 0110001100]

· Non-ABS subframe scheduling (P_S2):
[0001100011, 0001100011, 0001100011, 0001100011]

Proposal 1: CSI performance for eICIC should be verified in a “time-selective interference” scenario with a reporting accuracy requirement measuring the difference in reported CQI values from low and high interference subframes. This is to be complemented by a throughput ratio requirement using the reported median CQI from each CSI measurement subset. 
Proposal 2: The following bitmap patterns should be used.
· ABS bitmap:
[1110011100, 1110011100, 1110011100, 1110011100]

· 1st subframe subset for CSI (P_CSI1):
[1110011100, 1110011100, 1110011100, 1110011100]

· 2nd subframe subset for CSI (P_CSI2):
[0001100011, 0001100011, 0001100011, 0001100011]

· Interference pattern bitmap (P_Int):
[0001100011, 0001100011, 0001100011, 0001100011]

· ABS subframe scheduling (P_S1):
[0110001100, 0110001100, 0110001100, 0110001100]

· Non-ABS subframe scheduling (P_S2):
[0001100011, 0001100011, 0001100011, 0001100011]

2.2
Verification of PDSCH demodulation performance
In the previous section, CQI performance verification for eICIC with associated bitmap patterns is discussed and proposed. Absolute throughput requirements, verifying the performance of channel estimation and data demodulation, are however not explicitly tested for Release 8 based receiver in the presence of low and high interfering subframes.
Considering the usage of a Pico node is to provide limited cell coverage with high data rate to its users, downlink scheduling is expected to be mainly in ABS subframes to avoid throughput degradation caused by Macro interference and may sometimes be in non-ABS subframes when the measured interference level is low. Hence, the initial demodulation testing should target to verify Rank 2 transmission in the following two scenarios. 
1) Scenario 1: UE is scheduled in ABS subframes
2) Scenario 2: UE is scheduled in non-ABS subframes
The interference scenario and level should be carefully chosen to take into account of MBSFN/non-MBSFN ABS, colliding/non-colliding CRS, and its impact on realistic SNR input level in the final requirement. For Scenario 1, possible interference scenarios can be configured and their impacts are (consider normal CP only):
· MBSFN ABS with non-colliding CRS (Macro CRS exists in the first OFDM symbol): No impact on channel estimation in PUE for both control and data demodulation. There is some interference on control channel REs in the first OFDM symbol. To mitigate control decoding error impact on PDSCH demodulation, CFI=3 should be used.
· Non-MBSFN ABS with non-colliding CRS (Macro CRS exists in 1st, 5th, 8th, 12th OFDM symbols): No impact on channel estimation in PUE for both control and data demodulation. There is some interference on control channel REs in the 1st OFDM symbol and interference on data channel REs in the 5th, 8th, 12th OFDM symbols. To mitigate control decoding error impact on PDSCH demodulation, CFI=3 should be used. Interference level should be chosen based on realistic scenario and jointly consider the required SNR input level.
· MBSFN ABS with colliding CRS (Macro CRS collide with Pico CRS in the first OFDM symbol): Impact on channel estimation in PUE for control and data channel demodulation. No interference to both control and data REs. To improve channel estimation performance, CRS cancellation type receiver (non-Rel8/9 baseline receiver) is a typical example. The use of this type of ABS subframe may still be testable with Rel-8 baseline receiver if an appropriate level of interference is used. This can be verified by simulations.
· Non-MBSFN ABS with colliding CRS (Macro CRS collide with Pico CRS in 1st, 5th, 8th, 12th OFDM symbols): Impact on channel estimation in PUE for control and data channel demodulation and severe loss of throughput performance is expected. No interference to both control and data REs. To improve channel estimation performance, a CRS cancellation type receiver (non-Rel8/9 baseline receiver) is a typical example. It is unlikely that the use of this type of ABS subframe is testable and realistic with a Rel-8 baseline receiver. The performance can be verified by simulations.
It is expected that initial deployment of Pico cells in a Heterogeneous network will most likely be in a “planned manner”. Since the CRS cancellation type receiver is not considered in Rel-10, frequency offset in Macro and Pico CRS transmissions will be coordinated to avoid degradation in Pico cell throughput. Thus we propose to verify Scenario 1 performance for the configuration of non-colliding CRS with non-MBSFN ABS subframes as the baseline. If deemed necessary and feasible, one corner case could be set up to verify the performance of colliding CRS with MBSFN subframes.
As for the Scenario 2, fully loaded Macro downlink transmission in non-ABS subframes could be assumed for simplicity in test setup. A suitable interference level should be verified by simulation.
Proposal 3: Demodulation performance for Rank 2 TM3/4 should be verified for the following two scenarios.

· Scenario 1: UE is scheduled in non-MBSFN ABS subframes with non-colliding CRS

· Scenario 2: UE is scheduled in non-ABS subframes with fully loaded Macro downlink transmission
For the initial eICIC demodulation performance framework, 2x2 antenna configuration should be considered reflecting real deployment scenarios and an EPA5 channel model with low correlation seems quite appropriate for small cell size and low UE speed. For demodulation testing, subframe #5 should be reserved for transmission of system information. In addition, subframe #0 and #5 should be protected for the same reason as the previously proposed CQI test. To this end, previously proposed bitmap patterns can be also adopted for the verification of demodulation performance as well.
Proposal 4: The same bitmap patterns in Proposal 2 should be also adopted for PDSCH demodulation testing.
Regarding previous agreement [1] of performance verification with TM1 (single antenna port) and TM2 (SFBC), there doesn’t seem to be any more strong motivation for defining these tests after consideration of the above realistic deployment and the expected operation of Pico cells. Since the deployment of Pico cells is expected to start with 2Tx as mentioned earlier, perhaps one test case for TM2 (SFBC) can still be defined if found useful. Test setup with 2x2 and EVA5 low correlation channel could be a starting point.
Proposal 5: No strong motivation is found to verify demodulation performance in TM1 (single antenna port). It is proposed to verify TM2 (SFBC) only if found useful from the previous agreement.
2.3
Control channel performance verification
There have been some considerations of verifying control channel performance for eICIC in the last meeting and also in [1]. In the previous discussion of CSI measurement and demodulation performance testing, CFI=3 has always been assumed to avoid control channel decoding error impacting the performance of PDSCH decoding. Therefore, there would be some merits now to verify control channel performance for a different CFI setting (e.g. CFI=2).
To support high downlink throughput in Pico environment, verification of control channel performance in non-MBSFN ABS with non-colliding CRS should be prioritised similar to PDSCH demodulation testing. Performance verification in non-ABS subframes could be considered in a later stage when CRS cancellation type receivers are expected. Test setup for PDCCH and PHICH tests with 2x2 and EVA5 low correlation channel could be considered as the starting point.
Proposal 6: Verification of control channel performance in non-MBSFN ABS with non-colliding CRS should be prioritised. Test setup for PDCCH and PHICH tests for 2x2, EVA5 low correlation channel and CFI = 2 could be considered as the starting point.
3
Conclusions

In this contribution, discussions and analysis on the realistic usage of TDM scheme for HetNet deployment are provided. CSI measurement and demodulation tests for Rel-10 eICIC are also proposed. Detailed proposals are listed in the following.
Proposal 1: CSI performance for eICIC should be verified in a “time-selective interference” scenario with reporting accuracy requirement to measure the difference in reported CQI values from low and high interference subframes. This is to be complemented by a throughput ratio requirement from applying median CQI of each CSI measurement subset. 

Proposal 2: The following bitmap patterns should be used.

· ABS bitmap:
[1110011100, 1110011100, 1110011100, 1110011100]

· 1st subframe subset for CSI (P_CSI1):
[1110011100, 1110011100, 1110011100, 1110011100]

· 2nd subframe subset for CSI (P_CSI2):
[0001100011, 0001100011, 0001100011, 0001100011]

· Interference pattern bitmap (P_Int):
[0001100011, 0001100011, 0001100011, 0001100011]

· ABS subframe scheduling (P_S1):
[0110001100, 0110001100, 0110001100, 0110001100]

· Non-ABS subframe scheduling (P_S2):
[0001100011, 0001100011, 0001100011, 0001100011]

Proposal 3: Demodulation performance is to be verified in the following two scenarios.

· Scenario 1: UE is scheduled in non-MBSFN ABS subframes with non-colliding CRS

· Scenario 2: UE is scheduled in non-ABS subframes with fully loaded Macro downlink transmission

Proposal 4: The same bitmap patterns in Proposal 2 should be also used in PDSCH demodulation testing.
Proposal 5: No strong motivation is found to verify demodulation performance in TM1 (single antenna port). It is proposed to verify TM2 (SFBC) only if found useful from the previous agreement.
Proposal 6: Verification of control channel performance in non-MBSFN ABS with non-colliding CRS should be prioritised. Test setup for PDCCH and PHICH tests with 2x2 and EVA5 low correlation channel could be considered as the starting point.
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