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1. Introduction

Range expansion (RE) is a useful technique to mitigate the UL/DL imbalance in heterogonous networks and to offload more UEs to LPNs. The UL/DL imbalance mitigation is particularly desirable for having a good uplink performance. However, when RE is configured with a large CIO, significant downlink interference can be observed at the LPN UEs. The Restricted resource subframes on power (RRSoP) introduced in [1] can reduce the downlink interference on LPN UEs in RE region. In addition to further considerations on RRSoP, this contribution provides preliminary simulation results. It is shown that RRSoP can potentially improve the cell-edge throughput, especially for 6-9 dB CIO values.
2.  Considerations on RRSoP 
2.1 Target scenarios: RE with large CIO (6-9 dB) 
The intention of RRSoP is to reduce the downlink interference caused by macro on LPN UEs in the RE region. So, RRSoP can bring more gains in scenarios where more offloaded UEs experiencing high downlink interference corresponding to high CIO values. Such scenarios are appealing from the uplink performance point of view as well because the larger the CIO, the less UL/DL imbalance exists. The following discussion motivates using a large CIO for the benefit of good UL operation.

2.1.1 Large CIO can bring a good UL performance

The UL/DL imbalance reduction leads in UL gains from two perspectives: 

1. UL interference reduction due to decreasing macro’s UL interference

2. Less HS-DPCCH/Scheduling Information issue

Figure 1 concerns the first gain and shows significant benefits in the uplink performance after large RE assuming 2 LPNs with 30dBm deployed randomly and 0 dB UL sensitivity. The simulation assumptions are tabulated in Table 4 provided in Appendix.
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Figure 1: system UL gain as a function of RE
The second gain is due to the fact that large CIO can mitigate the HS-DPCCH/Scheduling Information issue because LPN can become the serving cell near the UL boundary. When Macro UE is near the UL boundary, the HS-DPCCH/Scheduling Information reception quality is similar at the Macro and at the LPN. In summary we propose:
Proposal 1: Consider using large RE value to improve the uplink performance and mitigate the HS-DPCCH/Scheduling information reception issues introduced by UL/DL imbalance.
2.2 Target metric: 5% system throughput

Since the focus of RRSoP is on the UEs in the RE area, which do not enjoy as good performance as UEs located in the center of LPN, the RRSoP gain is mostly reflected in the left tail of UE-throughput CDF curve. Particularly, considering a large CIO, the 5% may be a good candidate metric for observing the capability of RRSoP. Nevertheless, it is clear that since the Macro would stop HS-DSCH transmission during the subframes configured as RRSoP, the macro’s throughput might be reduced. Therefore, a good RRSoP design should not degrade other throughput metrics, such as average UE throughput significantly.
2.3 Design: RRSoP subframe density

To be able to enjoy the benefit of RRSoP for UEs in the RE area, while not hurting the performance of other UEs substantially, the density of RRSoP (number of RRS subframes in a certain number of subframes) should be properly chosen. Although this can be an implementation issue, some guidelines are provided.
1. When LPN offloading ratio is low, there is no need to apply RRSoP. In fact, RRSoP would bring negative impact to most of the UEs in the network. When LPN offloading ratio is high, the benefit would be significant because most UEs in the network would have gain (see simulation results presented in section 3.2). 

2. When RRS ratio (density of RRSoP) is high, the negative impact on Macro UE is high. However, the gain to the LPN UE is also high. In order to achieve a good edge performance as a target metric, the RRS ratio can be selected to match macro’s and pico’s edge performances. It is remarked that if the pico’s edge performance is already better than macro’s before RRSoP, no RRSoP is configured at all as the edge performance is limited by macro UEs. 
2.4 Concerns: Synchronization and legacy UEs
There are two main concerns regarding RRSoP that should be addressed:
1. Legacy UE CQI reporting: 
Legacy UE may not reflect the correct CQI and the gain brought by RRSoP may be reduced. However, this can be enhanced by the network with CQI adjustment.

2. Synchronization: 

If the TTI of the Macro and the LPN is not synchronized, the gain brought by Macro resource reduction would be reduced. One way to minimize synchronization error is to use the scrambling codes in the same scrambling code set for Macro and the LPN. At most 8 Macro and LPN can be synchronized. They can share the same Primary SCH and Secondary SCH. However, Macro and LPN must use different scrambling codes in the code set indicated by the P-SCH and S-SCH. According to the conclusion in RAN2#81, the number of LPNs would not exceed 4. So, all the Node Bs can be synchronized using the same SCH in a Macro sector.

Synchronization among the Node Bs is also required. GPS technology can be used to achieve tight synchronization within 3us accuracy or even in sub-us level, which is only about 10 chips. However, the synchronization requirement may not be that high. If there is 128-chip synchronization error, then only 128 chips in the RRS subframe will be interfered by the Macro. Meanwhile, 128 chips in the non-RRS subframe will not be interfered by the Macro. In this paper, we will evaluate the performance impact of synchronization error using link level simulations.

3. Simulation results

3.1 Link level simulations
In the simulations 1 interfering Macro and 1 serving LPN are assumed. In the Macro, HS-DSCH consumes 80% of Macro transmit power and it will be muted during RRS subframes. The rest of Macro’s transmit power consists of common channels and control channels and they are transmitted in both RRS subframes and non-RRS subframes. Under this assumption, the interference power is reduced by 7 dB in the RRS subframe, given perfect synchronization. Other interference sources and thermal noise power is much lower than the Macro’s interference power. Propagation channels for the interference and the signal are PA3, independent fading. Table 5 lists other key simulation assumptions for the LPN signal. 
In the simulations LPN signal power is fixed at 0 dB, and Macro interference power (calculated in non-RRS subframe) varies from 0 dB to 10 dB. We assume all subframes are either RRS subframes or non-RRS subframes. For the case when all subframes are RRS subframes, N chips of interference at full interference power are assumed in each TTI, emulating the synchronization error. The following table shows the simulation results with interference transmit power of 0, 5 and 10 dB.
Table 1: UE throughput in RRS/non-RRS subframes with different synchronization errors

	
	UE throughput in 
RRS subframes (kbps)
	UE throughput in Non-RRS subframes (kbps)

	Interference power (dB)
	0-chip sync error
	32-chip sync error
	64-chip sync error
	128-chip sync error
	

	0
	5836
	5773
	5757
	5677
	2729

	5
	3251
	3214
	3189
	3145
	1321

	10
	1659
	1644
	1630
	1589
	544


From the simulation results, we can see the performance difference in the RRS subframe and non-RRS subframe. About 250% gain from RRS can be achieved when interference is 5 dB for no synchronization error. The performance loss in the RRS subframes caused by synchronization error is trivial for 32-chip (8s) synchronization error, and only within 4% for 128-chip (33s) synchronization error. Only loose synchronization among Node Bs is required.
3.2 System level simulations
The system level simulations are performed to evaluate the benefits of RRSoP. Key simulation assumptions are listed in Table 6. UE reports CQI in RRS sub-frame and non-RRS sub-frame respectively. In RRS sub-frame, RRS CQI is used for scheduling. In non-RRS sub-frames, non-RRS CQI is used for scheduling. Perfect synchronization and CQI measurement are assumed. 80% power is allocated for HS-DSCH data traffic and 20% is for other overhead. The 20% overhead is always transmitted while the 80% macro’s HS-DSCH traffic is only transmitted during non-RRS subframes. 
Figure 2 shows the simulation results when RE=6dB and “far” LPN deployment are configured. Separate performance of Macro and LPN UE are listed in Table 2. UE offloading ratio in this configuration is about 56%. In this scenario, Macro has better 5% throughput performance than the LPN before RRS. After RRS with ratio 1/6, we can see the performance improvement in both average throughput and edge throughput. From Figure 2, about 15% additional gain can be achieved for the 5% UE throughput. In addition, about 8% additional gain can be observed for the average throughput.
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Figure 2: Comparison of RE and RE + RRSoP, RE = 6 dB with “far” LPN deployment
Table 2 Macro/LPN UE performance comparison of RE and RE + RRSoP, RE = 6 dB with “far” LPN deployment
	Configuration
	RE=6dB
	RE=6dB + RRSoP

	Average Tput, all UE(kbps)
	1795
	1839

	Macro UE (kbps)
	1229.6
	1023.1

	LPN UE (kbps)
	2233.7
	2431.4

	50% Tput, all UE (kbps)
	1200
	1196 

	Macro UE (kbps)
	1036
	860

	LPN UE (kbps)
	1491
	1634

	5% Tput, all UE (kbps)
	344.8
	376.8 

	Macro UE (kbps)
	388
	340

	LPN UE (kbps)
	307
	420


Figure 3 shows the simulation results when RE=9dB and “random” LPN deployment. Separate performance of Macro and LPN UE are listed in Table 3. UE offloading ratio in this configuration is about 57%. We can see that Macro has much better 5% throughput performance than the LPN. From Figure 3, after RRS with ratio 2/6, over 50% improvement in the 5% throughput performance can be observed. Meanwhile, about 22% additional average gain can be achieved after RRS.
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Figure 3: Comparison of RE and RE + RRSoP, RE = 9 dB with “random” LPN deployment
Table 3 Macro/LPN UE performance comparison of RE and RE + RRSoP, RE = 9 dB with “random” LPN deployment
	Configuration
	RE=9dB
	RE=9dB + RRSoP

	Average Tput, all UE(kbps)
	1618
	1732

	Macro UE (kbps)
	1321.6
	924

	LPN UE (kbps)
	1853
	2333.7

	50% Tput, all UE (kbps)
	1176
	1099

	Macro UE (kbps)
	1209
	835

	LPN UE (kbps)
	1101
	1578

	5% Tput, all UE (kbps)
	216.7
	323

	Macro UE (kbps)
	424
	303

	LPN UE (kbps)
	162
	360


As a result, when RE=6dB or 9dB, it is likely that LPN has poor 5% performance due to the interference issue. In order to mitigate the issues brought by UL/DL imbalance using RE while achieving a better performance in the downlink, RRSoP can be applied. By improving the LPN’s edge performance, it is seen that the system performance can also be improved. Based on the results above, we propose:
Proposal 2: Consider using RRSoP in HetNet with large RE scenarios to improve the downlink performance.
4. Conclusions

From the discussion and the simulation results, it can be seen that RE can resolve the issues introduced by UL/DL imbalance. Meanwhile, large RE would bring Macro downlink interference to the LPN edge UE. Application of RRSoP technique when large RE is applied can mitigate the downlink interference issue and consequently improve the edge as well as average performance in HetNet deployments. 
Proposal 1: Consider using large RE value to improve the uplink performance and mitigate the HS-DPCCH/Scheduling information reception issues introduced by UL/DL imbalance.
Proposal 2: Consider using RRSoP in HetNet with large RE scenarios to improve the downlink performance.
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6. Appendix
Table 4: Simulation Assumptions for UL Analysis
	Parameters
	Values and comments

	Numbers of UE per Macro Cell
	8 UEs 

	The deployment of LPNs
	Co-channel with Macro cells

	Maximum Tx Power of LPNs
	30dBm

	Number of LPNs in a Macro cell
	4

	Dropping criteria for LPNs
	Randomly and uniformly distributed within a macro cell

	Dropping criteria for UEs
	Randomly

1/2 Hotspot

	RE of LPN
	0dB, 3dB, 6dB

	Target RoT for both macro and LPN
	6dB

	Noise Figure of the Node B
	5 dB


Table 5: Link level simulation assumptions for synchronization analysis
	Parameter
	Value

	P-CPICH_Ec/Ior
	-10dB

	HS-PDSCH Ec/Ior
	-1dB

	Spreading factor for

HS-PDSCH
	16

	Modulation
	QPSK, 16QAM, 64QAM

	TBS
	Variable

	Number of Transport Blocks
	1

	HSDPA Scheduling Algorithm
	CQI based

	CQI Feedback Cycle
	1 TTI

	CQI feedback error
	0 %

	HS-DPCCH ACK/NACK feedback error
	0 %

	Maximum number of HS-DSCH codes
	15

	Number of HARQ Processes
	6

	Maximum Number of H-ARQ Transmissions
	1

	Residual BLER
	10% after 1 transmission

	PCI/CQI Feedback delay
	12 slots

	Propagation Channel Type
	PA3

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	UE Receiver Type
	Type 3


Table 6: System level simulation assumptions for RRSoP gain analysis

	Parameters
	Values and comments

	Numbers of UE per Macro Cell
	16 UEs

	The deployment of LPNs
	Co-channel with Macro cells

	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.

· (Optional) LPNs are deployed according to the received CPICH RSCP of the macro cell: 

CPICH RSCP = TxPow_CPICH + AntGain - PL – PenLoss

TxPow_CPICH is the CPICH tx power of macro cell (33dBm)

AntGain is the antenna gain

PL is large scale fading calculated according to path loss model

PenLoss is the penetration loss

The deployment of LPNs will be labelled as centre, near, middle, far, edge, from the macro cell depending on the CPICH RSCP value, P(dBm).

P=-80dBm, far (2/3)

	Dropping criteria for UEs
	Hotspot: Randomly and uniformly dropping with Photspot of the total users within a radius, r, of LPN base station, and randomly and uniformly dropping of the remaining users in the entire macro geographical area of the given macro cell (including LPN area).
Type 1: Photspot = ½ 

The radius r of the LPN is equal to 35m and 60m when the LPN power is 30dBm and 37dBm, respectively.

	RE of LPN
	6dB, 9dB

	UE receiver
	Type3

	Total overhead power
	20%

	RRS ratio
	1/6, 2/6
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