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1
Introduction

As a part of this study on Hetnets, the benefits of NAIC for LPN range expansion needs to be assessed. Both pre-decoding and post-decoding IC are to be considered and the gains and reliability of needed signalling to enable IC need to be evaluated. Contributions in previous meetings [2][3] discussed the link study and performance evaluation of NAIC. For a complete study point of view, a system level evaluation is needed. In this contribution, we attempt to evaluate the overall system performance of RRS with pre-decoding IC in a Hetnet framework. 
2
System Simulation Assumptions for RRS
2.1
Scheduling for Macro and LPN UE
In a multi-cell system simulation, scheduler decided the priority and TF of the serving UEs in each TTI. In this contribution, we assume that proportional fair scheduler is implemented on both Macro and LPN cells. 

Other related assumptions related to scheduler include:
· TTI and RRS pattern of all Macro cells and LPN cells are synchronized.

· Only one Macro UE is selected to schedule on the RRS subframes.

· Through CQI fluctuation is observed on LPN UE for RRS and non-RRS subframes, we do not attempt to compensate CQI either on UE receiver or NodeB scheduler. 

· Maximize cell transmit power together with CQI based power control.
2.2
Parameters for Pre-decoding IC with RRS
Both modulation and code restriction benefits LPN UE IC gain as presented in link analysis in [4]~[6]. It is concluded in [6] that code restricted RRS is preferred to modulation restricted RRS for LPN UE with pre-decoding IC capability.  Thus, we assume that the number of restricted SF-16 OVSF code is 5 or 10 in this contribution, and no modulation restriction is further considered in the assessment.
The periodic, or percentage of network assisted subframes is another important parameter for RRS. The more RRS subframes in the system, the more benefits to LPN UEs, but throughput loss on Macro UE will become non negligible. This appears to be a tradeoff when designing RRS parameters.  For simplicity, we conduct with two consecutive RRS subframes every 6 TTI in this contribution.
We collect system simulation assumptions for this study in Table 1 for reference.
Table 1: Summary of System Simulation Assumptions
	Parameters
	Values and comments

	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz

	Cell Layout
	57 cell hexagonal (19 NodeB, 3 sectors per Node B with wrap-around)

	Propagation Channel Type
	PA3

	Numbers of UE per Macro Cell
	16 UEs

	Inter-site distance
	500 m

	The deployment of LPNs
	Co-channel with Macro cells

	Maximum Tx Power of Macros
	43dBm

	Maximum Tx Power of LPNs
	30dBm

	Number of LPNs in a Macro cell
	4

	Dropping criteria for LPNs
	LPNs are randomly and uniformly distributed within a macro cell.

	Dropping criteria for UEs
	1/2 hotspot

	CIO of LPN
	3dB, 6dB

	UE receiver
	Type-3i, Pre-decoding IC

	Scheduler on Macro/LPN
	Proportional fair scheduler

	RRS Pattern
	Two RRS subframes in every 6 subframes
use 5 or 10 SF-16 code in RRS subframe

	Overhead channel
	20% of total Ior

	HSDPA channel settings
	HS-SCCH: targeting 1% BLER

HS-PDSCH: targeting 10% BLER after 1st Tx, up to 15 SF-16 OVSF

	CQI feedback
	Error free feedback every TTI with 3TTI delay.

Post IC CPICH SNR for CQI computation


3
System Simulations Results
We are interested in the throughput performance difference on macro UE and LPN UE due to TF restriction. Meanwhile, we should pay more attention to the LPN cell edge UE performance. By following simulation assumptions described in previous sections, we focus on the following metrics for the pre-decoding NAIC study

· Averaged macro UE throughput

· Averaged LPN UE throughput

· 5% LPN UE throughput

The simulation results are summarized in Table 2.
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	CIO(dB)
	Receiver
	RRS code
	Macro Mean  TP(kbps)
	LPN Mean  TP(kbps)
	LPN 5% TP(kbps)
	Throughput Gain to Type-3i

	
	
	
	
	
	
	Macro Mean 
	LPN Mean  
	LPN 5%

	3
	Type3i
	NA
	813
	3385
	441
	0.00%
	0.00%
	0.00%

	3
	Pre-decoding IC
	NA
	836
	3574
	473
	2.84%
	5.59%
	7.29%

	3
	Pre-decoding IC
	10
	781
	3627
	478
	-4.00%
	7.17%
	8.33%

	3
	Pre-decoding IC
	5
	675
	3540
	474
	-16.98%
	4.59%
	7.39%

	6
	Type3i
	NA
	986
	2611
	240
	0.00%
	0.00%
	0.00%

	6
	Pre-decoding IC
	NA
	1013
	2763
	268
	2.75%
	5.80%
	11.75%

	6
	Pre-decoding IC
	10
	942
	2805
	277
	-4.43%
	7.41%
	15.39%

	6
	Pre-decoding IC
	5
	814
	2710
	265
	-17.47%
	3.79%
	10.24%


From Table 2, it can be seen that with Pre-decoding IC enabled, all throughput performance was increased respect to type-3i receiver. Meanwhile, we have the following observations regarding RRS with 10 or 5 SF-16 code.
· Macro UE performance reduces with RRS enabled. The 5 code restriction scheme imposes more constraints on macro UE scheduling procedures; hence the throughput loss was more obvious compared with 10 code restriction.
· LPN mean throughput and 5% throughput does benefit from RRS with code restriction albeit not significantly. The largest gain was on 6dB CIO with 10 codes restriction, where 7.39% and 15.39% gain was achieved for LPN mean throughput and 5% throughput, respectively. Note that LPN 5% UE throughput gain surpass average throughput gain, which indicates that IC gain on cell edge UE was higher than cell center UE.
· It is also interesting to see that the 5 code restriction scheme does not provide gain even though IC gain is larger. We attribute this phenomenon to the CQI fluctuation on RRS and non-RRS subframes. 
· Figure 1 shows the LPN UE Rx CPICH SNR with 3dB CIO on RRS and non-RRS subframes. It is shown that with 5 code restriction, CPICH SNR over RRS subframes was 1~2 dB larger than non-RRS subframes. Together with 3 TTI delay of CQI, this fluctuation significantly impacts the PF scheduler and rate adaptation. 
· To examine this effect further, we simulate the scenario where all subframes are considered as RRS with code restriction, which makes IC gain more consistent and reduce scheduling loss due to CQI fluctuation.  It can be seen from Table 3 that LPN UE mean and 5% throughput gains at 5 code restriction increase to 23.95% and 34.36%, respectively, with 3dB CIO. It illustrates that LPN throughput gain can be expected if CQI adjustments are undertaken at the NodeB.
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Figure 1: Rx CPICH SNR with and without RRS
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	CIO(dB)
	Receiver
	RRS code
	Macro Mean  TP(kbps)
	LPN Mean  TP(kbps)
	LPN 5% TP(kbps)
	Throughput Gain to Type-3i

	
	
	
	
	
	
	Macro Mean 
	LPN Mean  
	LPN 5%

	3
	Type3i
	NA
	813
	3385
	441
	0.00%
	0.00%
	0.00%

	3
	Pre-decoding IC
	NA
	836
	3574
	473
	2.84%
	5.59%
	7.29%

	3
	Pre-decoding IC
	10
	684
	3864
	509
	-15.94%
	14.14%
	15.46%

	3
	Pre-decoding IC
	5
	441
	4196
	593
	-45.76%
	23.95%
	34.36%

	6
	Type3i
	NA
	986
	2611
	240
	0.00%
	0.00%
	0.00%

	6
	Pre-decoding IC
	NA
	1013
	2763
	268
	2.75%
	5.80%
	11.75%

	6
	Pre-decoding IC
	10
	827
	3016
	300
	-16.15%
	15.50%
	24.87%

	6
	Pre-decoding IC
	5
	530
	3298
	362
	-46.19%
	26.32%
	50.73%


Note that in [5], this problem is overcome by adjusting the CQI delay same as RRS period. However in today’s specifications, CQI delay is not a parameter that is controlled by the network and different UE implementations could potentially result in different CQI delays. Therefore, it is considered that for practical gains to be realized using RRS a a solution to mitigate the CQI fluctuation needs to be identified at the NodeB to compensate for the variations when RRS pattern is applied. However, it is not as yet clear as to how this can be achieved.
4
Conclusions

In this contribution, system level simulations were conducted to show the performance of pre decoding NAIC for the cases where there were 4 LPNs in a Macro cell. We considered two different RRS pattern with code restriction. The result shows that pre-decoding IC with code restricted RRS does not prove significant gain compared with pre-decoding IC without RRS. Additionally, a practical solution needs to be identified to manage CQI fluctuation due to RRS subframes.
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