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1. Introduction

The new SI on BS interference cancellation (IC) receiver has been approved at RAN #73 [1]. There was some initial discussion on link level simulation assumptions in the last meeting. The following agreements were reached [2]:
· Performance Metric:
· Option 1: compared the target user throughput between advanced receiver and baseline receiver
· Option 2: compare the sum of throughputs of all the intra-cell users between advanced receiver and baseline receiver
· Other option not precluded
· Bandwidth: 10MHz
· PRB allocation: 
· Option 1: full PRB allocation
· Option 2: 6 PRB in the middle of the channel bandwidth. 
· UE Tx antenna number: 1
· BS Rx antenna number: 
· Option 1: 2, 4, 8
· Option 2: 2, 4 as baseline, and FFS on 8
And some open issues were identified:
· For intra-cell UEs:
· MCS for the multiple co-scheduled UEs within the target cell
· Timing delay and frequency offset between co-scheduled UEs
· For both intra-cell and inter-cell UEs (if inter-cell interference are to be modelled)
· Propagation condition
· DMRS configuration
This contribution further discusses the link level simulation assumptions for BS IC receiver.
2. Discussion
2.1. Fixed reference channels or link adaptation

Link-level simulation with link adaptation (AMC) could show the overall performance gain of BS IC receiver. However, there are also some disadvantages with link adaptation, e.g., increases the simulation efforts needed, hard to distinguishable the performance gain brought by IC receiver and link adaptation optimization, difficult to align simulation results among companies. So we propose to use fixed reference channels for evaluating the gain of IC receiver in the SI. Note that fixed reference channels have been applied in link level evaluation for Rel-13 BS MMSE-IRC receiver.
Proposal 1: Use fixed reference channels.
2.2. PRB allocation

Regarding the occupied PRB number, usually full PRB allocation, e.g., 50 PRBs for 10MHz bandwidth, is configured. However, since there would be several simulation cases in SI phase, an alternative option of using 6 PRBs in the middle of the channel bandwidth can also be perferred in order to reduce the simlation time.
Proposal 2: Regarding PRB allocation, use 6 PRBs in the middle of the channel bandwidth for both desired and interfering UEs in SI phase.

2.3. Rx antenna number
For the Rx antenna number, on one hand, 2, 4 and 8 Rx antennas are possible to be deployed at BS side and are already covered in the existing PUSCH performance requirements. On the other hand, our paper in [3] [4] proposes to set the number of co-scheduled UEs in the target cell to be identical to the number of Rx antennas and to model two explicit inter-cell interferers, in such case, the total number of channel faders for 8Rx BS test would be as big as 8
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(8+2) = 80.
When looking at the BS demodulation requirements in TS 36.104, for some test cases (such as UL timing adjustment, HARQ-ACK multiplexed on PUSCH, PUSCH under high speed train conditions), only the basic requirements with 2Rx antennas are defined. Following this logic, as a compromised approach, the 8Rx BS capable of IC receiver may be tested based on the performance requirements for 4Rx antennas.
Proposal 3: Cover at least 2 and 4 Rx antennas at BS. Further discuss whether to include 8Rx BS by considering the test purpose and complexity.

2.4. MCS level
For 2Rx BS, MCS 6 (QPSK 0.36) is used in Rel-13 BS IRC receiver, and can be selected as an option for BS IC. Meanwhile, it is noted that BS IRC receiver is tested mainly for cell-edge UEs, and BS IC is targeted for both cell-edge and cell-center UEs. Therefore, higher MCS levels, such as MCS 10 (QPSK 0.61) and MCS 15 (16QAM 0.5), can also be considered for BS IC.
For 4Rx BS, it is expected that under the same MCS level, the SINR working point (in dB) for 4Rx is lower than that for 2Rx, considering the Rx diversity reception gain. Therefore, if the resulted SINR working points for 2Rx and 4Rx are expected to be close, higher MCS levels should be used for 4Rx. It is proposed to use MCS 10, 15, 20 (16QAM 0.75) for 4Rx BS.
Proposal 4: As starting point, use MCS 6, 10, 15 for 2Rx BS, and use MCS 10, 15, 20 for 4Rx BS.

2.5. Timing delay and frequency offset
For co-scheduled intra-cell UEs, well aligned timing (i.e., no timing delay among different UEs) can be assumed due to the transmission timing adjustment operation in LTE. It is also assumed that there is no frequency offset among intra-cell UEs for the initial link simulation, and this assumption can be revisited if some issues are found in the later phase.
For inter-cell UEs in synchronous network scenario, similarly to BS IRC, no timing delay and frequency offset between the serving and interfering UEs are assumed. 
Proposal 5: Assume no timing delay and frequency offset for all the intra-cell and inter-cell UEs.
2.6. Propagation condition

It is important to evaluate the BS IC performance under several typical scenarios. For the link evaluation, the following propagation conditions can be included. Further down selection on propagation condition may be considered in the follow-up WI phase.
· EPA5: low delay spread, low UE velocity
· EVA5: medium delay spread, low UE velocity
· ETU70: high delay spread, medium UE velocity
Regarding the MIMO correlation level, since low correlation is applied in all the existing BS demodulation tests, it is proposed to use low correlation at BS side as well.

Proposal 6: Propagation conditions include: EPA5 low, EVA5 low and ETU70 low.
2.7. DMRS configuration

For multiple co-scheduled intra-cell UEs, assign the same base sequence and different phase rotations. For UEs associated with different cells, i.e., UEs in the traget cell and interfering cell, assign different base sequences as that in BS MMSE-IRC WI.
Proposal 7: Assign the same base sequence and different phase rotations for co-scheduled intra-cell UEs, and assign different base sequences for UEs associated with different cells. Further discuss the details on base sequence and phase rotation configuration in the next meeting.
2.8. Performance measure point
As the link simulation output, companies are encouraged to provide throughput v.s. SNR/SINR curves for the advanced IC receiver and the baseline receiver. Here the advanced IC receiver represents the intra-cell IC, and the baseline receiver represents intra-cell MMSE. For cases with explicit inter-cell interference, inter-cell MMSE-IRC is carried out for both advanced IC receiver and baseline receiver.
SNR/SINR at 30% or 70% maximum throughput is usually used as the performance measure point for Rel-11 and before, and SNR at 85% maximum throughput is measured for Rel-12 NAICS receiver. Since the SNR at 85% maximum throughput is closer to the SNR achieving 10% BLER, it is proposed to measure the link performance at 85% maximum throughput in this SI. 
Proposal 8: Companies are encouraged to provide the sum throughput v.s. SNR/SINR curves for the advanced IC receiver and the baseline receiver.
Proposal 9: The gain of advanced IC receiver over the baseline receiver is measured in terms of SNR/SINR gain at 85% maximum throughput.
3. Simulation cases and assumptions

In section 2, 3 propagation conditions and 3 MCS levels are suggested for 2/4Rx BSs. In addition, 3 inter-cell interference scenarios are proposed in our companion paper [4]. Therefore, the total number of combinations for link simulation would be 3*3*3=27. To reduce simulation workload, there is no need to simulate all the combinations in our view, and the following simulation cases are proposed:
Table 1. Proposed simulation cases for 2Rx BS
	Case No.
	Propagation condition
	MCS level
	Inter-cell interference scenario

	1-1
	EPA5
	MCS6 (QPSK 0.36)
	High interference level in HetNet: (DIP1, DIP2) = (-0.43, -13.78) dB

	1-2
	EVA5
	MCS10 (QPSK 0.61)
	High interference level in HomNet:

(DIP1, DIP2) = (-1.11, -10.91) dB

	1-3
	ETU70
	MCS15 (16QAM 0.5)
	No explicit inter-cell interference


Table 2. Proposed simulation cases for 4Rx BS
	Case No.
	Propagation condition
	MCS level
	Inter-cell interference scenario

	2-1
	EPA5
	MCS10 (QPSK 0.61)
	High interference level in HetNet: (DIP1, DIP2) = (-0.43, -13.78) dB

	2-2
	EVA5
	MCS15 (16QAM 0.5)
	High interference level in HomNet:

(DIP1, DIP2) = (-1.11, -10.91) dB

	2-3
	ETU70
	MCS20 (16QAM 0.75)
	No explicit inter-cell interference


Based on the discussion in section 2, the simulation parameters are summarized in Table 2. 
Table 2. Proposed simulation assumptions for 2/4 Rx BS
	Parameters
	Values

	Cyclic prefix
	Normal

	HARQ RV sequence
	0, 2, 3, 1

	Maximal number of HARQ transmissions 
(including 1st Tx and re-Tx)
	4

	Channel bandwidth
	10 MHz

	PRB number for PUSCH
	6 PRBs in the middle of the channel bandwidth

	Antenna number
	1Tx at UE, 2/4 Rx at BS

	Number of co-scheduled UEs within the target cell
	· 2/4 UEs respectively for 2/4 Rx BS
· For comparison, also simulate the scenario of 1 intra-cell UE

	Frequency hopping, TTI bundling
	Disabled

	Modulation of inter-cell interferers
	16QAM

	Timing delay and frequency offset
	No

	DMRS configuration
	· The same base sequence and different phase rotations for co-scheduled intra-cell UEs
· Different base sequences for UEs associated with different cells

	Receiver assumption
	· Advanced IC receiver: intra-cell CW-IC + inter-cell MMSE-IRC/MMSE
· Baseline receiver: intra-cell MMSE + inter-cell MMSE-IRC/MMSE

	Performance measure point
	85% of maximum throughput

	Simulation output
	· Sum throughput v.s. SNR/SINR curves, and 
· Required SNR/SINR values


4. Initial simulation results
In this section, initial link level simulation results for case 1-1 (2Rx, EPA5, MCS 6, HetNet) ad case 2-1 (4Rx, EPA5, MCS 10, HetNet) are provided. From the initial simulation in this section, the following addtional assumptions are assumed:

· Low spatial correlation level for the co-scheduled intra-cell UEs, i.e., independent fast channels are configured for different UEs.
· CW-IC is used at BS, and 2 rounds of decoding are implemented for both 2Rx and 4Rx.
For comparison, the results for 1 UE, 2/4 UEs with and without IC are presented in Figure 1 and Figure 2.
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Figure 1. Link results for one UE, two UEs with and without IC (2Rx)
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Figure 2. Link results for one UE, four UEs with and without IC (4Rx)

Observation 1: Compared to 1 UE case, co-scheduling 2/4 intra-cell UEs respectively for 2Rx/4Rx BS significantly improve the link throughput performance.
Observation 2: When multiple intra-cell UEs are co-scheduled, BS IC can further bring obvious performance gain.

5. Conclusion
This contribution gave the following proposals on link level simulation assumptions:

Proposal 1: Use fixed reference channels.
Proposal 2: Regarding PRB allocation, use 6 PRBs in the middle of the channel bandwidth for both desired and interfering UEs in SI phase.

Proposal 3: Cover at least 2 and 4 Rx antennas at BS. Further discuss whether to include 8Rx BS by considering the test purpose and complexity.

Proposal 4: As starting point, use MCS 6, 10, 15 for 2Rx BS, and use MCS 10, 15, 20 for 4Rx BS.

Proposal 5: Assume no timing delay and frequency offset for all the intra-cell and inter-cell UEs.
Proposal 6: Propagation conditions include: EPA5 low, EVA5 low and ETU70 low.
Proposal 7: Assign the same base sequence and different phase rotations for co-scheduled intra-cell UEs, and assign different base sequences for UEs associated with different cells. Further discuss the details on base sequence and phase rotation configuration in the next meeting.

Proposal 8: Companies are encouraged to provide the sum throughput v.s. SNR/SINR curves for the advanced IC receiver and the baseline receiver. 

Proposal 9: The gain of advanced IC receiver over the baseline receiver is measured in terms of SNR/SINR gain at 85% maximum throughput.
And two simulation observations were drawn:

Observation 1: Compared to 1 UE case, co-scheduling 2/4 intra-cell UEs respectively for 2Rx/4Rx BS significantly improve the link throughput performance.
Observation 2: When multiple intra-cell UEs are co-scheduled, BS IC can further bring obvious performance gain.
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