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1 Introduction

In HetNet deployment Low Power Nodes (LPNs) are deployed within a macro cell coverage to offload traffic from the macro cell.  Cell Range Expansion (CRE) where the CIO of the LPN is increased to bias UE handover in favour of the LPN is a method to increase the offloading from macro cell to the LPN.  However, the UEs within the CRE region experience strong downlink interference from the macro cell.  One way to reduce this interference is to employ Network Assisted Information Cancellation (NAIC) at the UE.  This contribution provides some system level simulations to evaluate the gain of using NAIC at different CIO biasing.

2 Simulation Assumptions
We evaluate the system level performance with UE using Type 3i with NAIC against that using only Type 3i receivers in a HetNet deployment using system level simulation.  The simulation assumptions follow those highlighted in [1].  
We consider full buffer and bursty traffic and for each traffic type.  The loading in each traffic type is as follows:

· Full buffer: 16 UEs per macro coverage

· Bursty traffic: 16 UEs and 8 UEs

For the bursty traffic, we also simulate a baseline scenario that contains only macro cells (i.e. homogenous network).  We introduce a packet dropping criterion where the packet is dropped after Tdrop = 10s as proposed in [3] to remove dependency of the outage probability on the simulation time. 
For each loading scenario, we evaluate the performance using different CIO, i.e. 0 dB, 3 dB, 6 dB, 9 dB and Optimised CIO.  In the Optimised CIO a centralised adaptive method in [2] is used, where a genetic algorithm is employed with the UE metric as inputs to produce an optimised biasing vector (i.e. CIO values) for each cell.  This can be considered as a benchmark for the decentralized CIO adaptation in [2].  
In each CIO setting, we evaluate UEs using Type 3i and Type 3i with NAIC.  For UEs capable of NAIC, it is assumed that they can cancel 1 interferer where this interferer can be a macro or a LPN.  It is assumed that all the UEs (served by macro and LPN) at the cell edge operates with NAIC.  The interference cancellation efficiency depends on the geometry of the victim UE with respect to the interfering cell and the geometry of the interfering UE with respect to the interfering cell.  We use the interference efficiency generated in [4] and it is summarised in Table 1 for reference.
Table 1: Interference cancellation efficiency

	
	(M1, 20dB)
	(M2, 15dB)
	(M3, 10dB)
	(M4, 5dB)
	(M5, 0dB)
	(M6, -5dB)
	(M7, -10dB)

	(P1,20dB)
	66.10667
	82.115
	95.33333
	99.115
	99.21167
	99.36333
	99.50167

	(P2, 15dB)
	51.24
	76.27333
	92.11833
	98.98
	99.58
	99.56667
	99.5

	(P3, 10dB)
	37.75667
	61.905
	84.365
	97.27833
	99.62833
	99.685
	99.58667

	(P4, 5dB)
	17.1225
	36.58408
	60.75333
	86.17583
	97.2925
	99.40833
	99.63333

	(P5, 0dB)
	12.30108
	26.67817
	48.30083
	70.9025
	90.9075
	98.21167
	99.225

	(P6, -5dB)
	9.908554
	21.31932
	33.53373
	47.27825
	66.44083
	87.07667
	96.95667

	(P7, -10dB)
	5.519667
	14.22879
	28.38294
	42.56417
	56.4925
	78.17833
	92.32167


The power resource overhead is as follows:

· Type 3i receiver: 20% power overhead

· Type 3i with NAIC receiver: 30% power overhead for macro, 20% power overhead for LPN

The scenarios are summarised in Table 2.
Table 2: Simulation scenarios

	Scenario
	Traffic Loading
	Receiver Type
	CIO

	1
	16 UEs full buffer
	Type 3i
	0, 3, 6, 9 & Optimised

	2
	16 UEs full buffer
	Type 3i + NAIC
	0, 3, 6, 9 & Optimised

	3
	16 UEs bursty traffic
	Type 3i
	0, 3, 6, 9

	4
	16 UEs bursty traffic
	Type 3i + NAIC
	0, 3, 6, 9

	5
	8 UEs bursty traffic
	Type 3i
	0, 3, 6, 9

	6
	8 UEs bursty traffic
	Type 3i + NAIC
	0, 3, 6, 9


3 Simulation Results
3.1 Full Buffer Traffic

Figure 1 shows the CDF of UE throughput for full buffer traffic scenario (16 UEs per macro coverage) with and without NAIC at different CIO values.  Figure 2 zooms into the UE cell edge throughput.  It is observed that without any biasing (CIO=0 dB), we see a slight loss in using NAIC.  The results are also summarised in Table 3.
Without biasing all UEs are in positive geometry where few UEs suffer from high interference from the macro cell and the interference cancellation efficiency is low.  Therefore NAIC does not offer significant benefit.  The loss in throughput is due to the additional 10% power overhead used by the macro cells on the control channel.

When we increase the biasing to 3 dB, we see an improvement on the cell edge throughput compared to the scenario without biasing (CIO=0dB).  This is due to the increase in offloading.  However, we still do not see any benefits in using NAIC with a biasing of 3 dB.  Although there are more UEs that have negative geometries, the interference cancellation efficiency is not high at such geometry to compensate for the loss in power resource at the macro for the control channels.

At a biasing of 6 dB, without NAIC, the cell edge throughput becomes slightly worse than that when the biasing is 3 dB.  However, at 6 dB biasing, more UEs within the CRE region can achieve higher interference cancellation efficiency compared to those in the scenario with 3dB biasing.  Therefore the benefit of NAIC is more significant, where an 18% gain is observed in using NAIC.

At biasing of 9 dB, the cell edge throughput degrades significantly without NAIC, compared to that without biasing (CIO = 0 dB), since a lot of UEs are offloaded to the LPN at very poor geometry.  In this case the interference cancellation efficiency is high for such UEs and therefore NAIC offers significant benefits (i.e. 128% gain in cell edge throughput).  However, the absolute throughput using NAIC at CIO = 9dB is not different to those when the CIO = 6 dB, i.e. there is no gain in the additional UE offloading to LPN. We can therefore observe that the gain in using NAIC increases as the CIO increases.  Hence we can have a larger range of CIO values that we can use when using NAIC compared to that without NAIC.

Observation 1: UEs with NAIC receivers can operate with larger CIO range compared to UEs using non-NAIC receivers.
With NAIC UEs, the optimised biasing network has a larger CIO range to operate in.  The cell edge gain in using NAIC is 21.9% in the optimised biasing scenario.  As observed in Figure 2, this results in higher cell edge throughput compared to scenarios with fixed CIO. 
Observation 2: The benefit of NAIC can be further improved using optimised biasing compared to using only fixed biasing.

Table 3: UE throughput using different CIO (full buffer, 16 UEs)

	CIO (dB)
	Without NAIC (kbps)
	NAIC (kbps)
	Gains

	
	Mean
	50%
	5%
	Mean
	50%
	5%
	Mean
	50%
	5%

	0
	1280
	632
	306
	1428
	578
	298
	11.6
	-8.5
	-2.6

	3
	1345
	850
	347
	1534
	966
	344
	14.1
	13.6
	-0.9

	6
	1359
	1015
	331
	1584
	1200
	391
	16.6
	18.2
	18.1

	9
	1341
	1062
	152
	1583
	1266
	347
	18
	19.2
	128.3

	Opt.
	1363
	983
	388
	1635
	1270
	473
	19.9
	29.2
	21.9
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Figure 1: CDF of UE throughput for full buffer traffic with 16 UEs per macro coverage
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Figure 2: CDF of UE cell edge throughput for full buffer traffic with 16 UEs per macro coverage
3.2 Bursty Traffic
Figure 3 is the CDF of UE downlink burst rate with 16 UEs per macro coverage using different CIO.  The downlink burst rate performance are summarised in Table 4.
It can be observed that the baseline homogenous network (without LPN) does not benefit from NAIC since the interference cancellation efficiency is low.
As expected with LPN, the macro can offload UEs to the LPN and we see a gain in all levels of biasing.  Consistent with the full buffer traffic case, the HetNet scenario without any biasing does not benefit from NAIC.  However, here we see a slight gain despite the macro using 10% additional power overhead in NAIC.  This is because the loading in bursty traffic is lower than that in full buffer and the macro is likely to have excess power.
Consistent with full buffer traffic, as the biasing increases, the gain in using NAIC increases.  It can be observed that the burst rate performance at CIO = 9 dB is better that that without biasing (CIO = 0 dB) which is different to the case under full buffer traffic.  This is because the loading is smaller in bursty traffic compared to that in full buffer traffic and hence the interference is smaller.  However, the trend the burst rate performance decreases when the CIO is increased beyond a specific value is still observed in bursty traffic.  Table 5 shows the file dropping rate (i.e. where packet is dropped after Tdrop = 10 seconds) and it is observed that in the scenario with CIO=9 dB, the file dropping rate is twice that of scenarios with CIO ≤ 6dB.  It is also observed that NAIC reduces the file dropping rate.
Table 4: UE burst rate using different CIO (bursty traffic, 16 UEs)

	CIO (dB)
	Without NAIC (kbps)
	NAIC (kbps)
	Gains

	
	Mean
	50%
	5%
	Mean
	50%
	5%
	Mean
	50%
	5%

	0
	3100.5
	2743.3
	440
	3270.5
	2890.3
	493
	5.5
	5.4
	12

	3
	3578.5
	3201.3
	827.1
	3793.7
	3448.3
	1171.1
	6
	7.7
	41.6

	6
	3708.2
	3294.3
	854.1
	3852.3
	3515.4
	1213.1
	3.9
	6.7
	42

	9
	3771.7
	3501.4
	530.1
	3869.4
	3627.4
	956.1
	2.6
	3.6
	80.4
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Figure 3: CDF of UE burst rate for bursty traffic with 16 UEs per macro coverage

Table 5: File dropping rate for bursty traffic with 16 UEs per macro coverage
	Deployment/CIO
	Without NAIC
	NAIC

	Macro
	24.60%
	23.70%

	HetNet/ 0 dB
	1.40%
	0.60%

	HetNet/ 3 dB
	0.10%
	0%

	HetNet/ 6 dB
	1.40%
	0.30%

	HetNet/ 9 dB
	3.00%
	1.00%


Figure 4 is the CDF of UE downlink burst rate under bursty traffic with 8 UEs per macro coverage using different CIO.  The downlink burst rate performance is summarised in Table 5.  Similarly to the 16 UEs scenario, we can observed that HetNet improves the burst rate performance over homogenous network due to marco able to offload UE to the LPN.

In all the CIO values simulated, we did not see any significant difference in using NAIC.  In contrast to the 16 UEs bursty traffic scenario, with 8 UEs the loading the interference generated by the macro is not significant and therefore cancelling this interference does not provide any significant gain even for the cell edge UEs.
Table 6: UE burst rate using different CIO (bursty traffic, 8 UEs)

	CIO (dB)
	Without NAIC (kbps)
	NAIC (kbps)
	Gains

	
	Mean
	50%
	5%
	Mean
	50%
	5%
	Mean
	50%
	5%

	0
	4361.1
	4126.4
	1852.2
	4325
	3995.4
	1927.2
	-0.9
	-3.2
	4.1

	3
	4457.3
	4268.4
	1885.2
	4324.4
	3991.4
	2914.2
	-3
	-6.5
	6.8

	6
	44.21.3 
	4292.4
	1552.2
	4255.1
	3914.4
	1578.2
	-3.8
	-8.8
	1.7

	9
	4370.8
	4244.4
	1304.1
	4201.6
	3884.4
	1376.1
	-3.9
	-8.5
	5.5
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Figure 4: CDF of UE burst rate for bursty traffic with 8 UEs per macro coverage
Observation 3: There is no significant benefit in using NAIC under low load.
4 Text Proposal

The following is a draft proposed TP to capture the observations in this contribution.

----------------------------------------------------TEXT PROPOSAL----------------------------------------------------
2
References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
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----------------------------------------------------NEXT SECTION ----------------------------------------------------
7.1.8.XX
System Level Simulation for Post-Decoding
Based on initial system level simulations on post-decoding NAIC in [Y], the following observations can be made:

· UEs with post-decoding NAIC receivers can operate with a larger CIO range compared to UEs using non-NAIC receivers.

· The gain in using post-decoding NAIC is higher in a network where the CIO values are optimised in each cell based on UE loading, compared to that where the CIO values are fixed and uniform across all cells.

· There are no significant benefits in using post-decoding NAIC in low load scenarios.
The system level simulations evaluated the benefits of using Type 3i with a post-decoding NAIC receiver against UE with only Type 3i receiver. It should be noted that the above observations are based on preliminary system level simulations and further system level evaluation should be performed to conclude on the gains in using post-decoding NAIC.
5 Conclusion
In this contribution we provide system level simulation results under full buffer traffic and bursty traffic.  We evaluate the effect of using NAIC under different biasing (CIO values) and we can observed the following:
Observation 1: UEs with NAIC receivers can operate with a larger CIO range compared to UEs using non-NAIC receivers.

Observation 2: The benefit of NAIC can be further improved using optimised biasing compared to using only fixed biasing.
Observation 3: There is no significant benefit in using NAIC under low load.

We propose that these observations are captured in the TR.
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