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1. Introduction

The new SI on BS interference cancellation (IC) receiver has been approved at RAN #73 [1]. The reference receiver were discussed in the last meeting with the following agreements [2]:

· Reference Receiver
· Option 1: CWIC
· CWIC is used to mitigate uplink intra-cell inter-user interference
· IC iteration may or may not be implemented to further improve the receiver performance
· the Rel-13 BS MMSE-IRC receiver can be applied simultaneously for inter-cell interference suppression while CWIC receiver is used for intra-cell interference cancellation, if inter-cell interference are to be modelled
· Option 2: SLIC
· Down-selection to be made in the next meeting by taking complexity and performance into consideration
· Baseline receiver for performance comparison
· MMSE receiver for intra-cell interference scenario only
· Rel-13 BS MMSE-IRC for inter-cell interference suppression, if inter-cell interference are to be modelled
In this contribution, we further discuss the reference receiver for BS IC.

2. Discussion
CW-IC receiver is proposed as the reference receiver for intra-cell interference mitigation by several companies in the last meeting [3] [4] [5], considering the following reasons:

1) CW-IC is feasible from the perspectives of interference parameter acquisition and implementation complexity.

Firstly, full scheduling information of co-scheduled UEs (such as interference PUSCH allocation, MCS level, HARQ RV, UE id, etc) is available at the BS side, so CW-IC is feasible from the perspective of interference parameter acquisition.
Secondly, CW-IC is also feasible from the perspective of implementation complexity, based on BS vendors’ inputs.
2) CW-IC achieves better performance compared with SL-IC, especially considering the DFT operation in uplink.
CW-IC achieves better performance, and the performance benefit of SL-IC may not justify the use of IC receiver. Moreover, due to uplink DFT, it is difficult and inefficient to perform some symbol-level operations.

Observation 1: CW-IC is feasible from the perspectives of interference parameter acquisition and implementation complexity.

Observation 2: CW-IC achieves better performance compared with SL-IC, especially considering the DFT operation in uplink.
Proposal 1: CW-IC receiver is used as the reference receiver for intra-cell inter-user interference mitigation.

For uplink, unlike downlink, BS will decode the signal of all its scheduled UEs, regardless of whether CW-IC is implemented or not. Typically CW-IC does not increase the computation amount, and it brings additional requirement on baseband processing time.
Assume there are K co-scheduled UEs in the target cell as illustrated in Figure 1, and these UEs are decoded in at most R rounds:
· In the 1st round, the BS decodes K1 UEs’ signal, and re-construct and subtract of these K1 UE s’ signal; 

……
· In the r-th round, the BS decodes Kr UEs’ signal, and re-construct and subtract of these Kr UEs’ signal;

……
· In the final (R-th) round, the BS decodes the signal of the remaining KR UEs. 
where K = K1 +…+ Kr +…+ KR .
[image: image1.png]



Figure 1. Multiple co-scheduled intra-cell UEs
So one essential assumption for CW-IC reference receiver is the value of R. On one hand, one larger R implies better demodulation performance; on the other hand, one proper R should be selected in order to satisfy LTE HARQ timing requirement.
For 2Rx, if 2 co-scheduled intra-cell UEs are modeled, it is straightforward to set R as 2. For 4Rx, if 4 co-scheduled intra-cell UEs are modeled, candidate values for R include 2, 3, and 4. In the following, initial simulations are carried out to compare the link performance for 4Rx BS with different values of R. The simulation assumptions are given in Table 1, and the results are provided in Figure 2 and Table 2.
Table 1. Simulation assumptions for 4Rx BS with different values of R
	Parameters
	Values

	Cyclic prefix
	Normal

	HARQ RV sequence
	0, 2, 3, 1

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

	PRB number for PUSCH
	6

	Antenna number
	1Tx at UE, 4 Rx at BS

	Number of co-scheduled UEs within the target cell
	4 UEs

	MCS
	15

	Frequency hopping, TTI bundling
	Disabled

	Modeling of inter-cell interferers
	Number of explicitly modelled inter-cell interferers
	2

	
	(DIP1, DIP2)
	· Case 1: HetNet, High interference level, i.e., (DIP1, DIP2) = (-0.43, -13.78), and inter-cell IRC is performed for the simulated receivers
· Case 2: no explicit inter-cell interference

	
	Modulation of inter-cell interferers
	16QAM

	
	Timing delay
	Aligned

	Propagation condition (Serving, interferers)
	EPA5, independent fast channels among UEs

	Performance measure point
	85% of maximum throughput
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(a) HetNet, High interference level
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(b) No explicit inter-cell interference
Figure 1. Link simulation results for 4Rx BS with different values of R
Table 2. SINR working points for 4Rx BS with different values of R
	Required SINR (dB)
	Intra-cell MMSE
	Intra-cell CW-IC

	
	
	2 rounds
	3 rounds
	4 rounds

	High interference level, HetNet
	9.52
	1.45
	0.57
	0.53

	No inter-cell interference
	10.87
	7.16
	6.61
	6.65


It can be seen from the simulation results that:

Observation 3: Based on the initial link simulation for 4Rx BS:

· When 2 rounds of decoding are implemented, intra-cell CW-IC brings obvious gain over intra-cell MMSE.
· When the round of decoding increases from 2 to 3, the gain by intra-cell CW-IC is further enhanced.
· The performance between 3 and 4 rounds of decoding is similar.
The following proposals are given according to the analysis and simulation above:
Proposal 2: For 2Rx intra-cell CW-IC, implement 2 rounds of decoding.

Proposal 3: For 4Rx intra-cell CW-IC, implement 2 or 3 rounds of decoding.
3. Conclusions
This contribution discussed the reference receiver for BS IC, with the following observations and proposals:
Observation 1: CW-IC is feasible from the perspectives of interference parameter acquisition and implementation complexity.

Observation 2: CW-IC achieves better performance compared with SL-IC, especially considering the DFT operation in uplink.
Proposal 1: CW-IC receiver is used as the reference receiver for intra-cell inter-user interference mitigation.
Observation 3: Based on the initial link simulation for 4Rx BS:

· When 2 rounds of decoding are implemented, intra-cell CW-IC brings obvious gain over intra-cell MMSE.

· When the round of decoding increases from 2 to 3, the gain by intra-cell CW-IC is further enhanced.
· The performance between 3 and 4 rounds of decoding is similar.
Proposal 2: For 2Rx intra-cell CW-IC, implement 2 rounds of decoding.

Proposal 3: For 4Rx intra-cell CW-IC, implement 2 or 3 rounds of decoding.
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