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1
Introduction

In TSG-RAN#57 a new study item, “Study on UMTS Heterogeneous Networks”, was approved [1]. In this contribution we provide a text proposal on Restricted Resources Subframe on Transport Format solution to the Technical Report [2].

2
Text Proposal

[------------------------------------------------------------- TEXT START --------------------------------------------------------------]

7.x.x Restricted Resource Solution
Restricted Resources Subframe on Transport Format (RRS on TF) is a method to improve the performance of the LPN UEs with advanced IC capability. The RRS on TF solution aims at scheduling the advanced IC UEs in the LPN in a better interference environment. The solution is illustrated in Fig. 1. The RNC will negotiate a pre-configured TTI pattern between the Macro and the related LPNs. On Macro NodeB, some specific TTIs are indicated to only transmit some pre-defined transport format, such as QPSK+15codes, or one of TF from a pre-defined TF set. On the LPN side, the victim IC UE can have higher priority to be scheduled on these restricted resource sub-frames, so that more IC gain can be achieved by these victim IC UEs.
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Fig. 1 Restricted Resource Sub-frame on Transport Format

As a further enhancement, considering that in the Macro cell there always exist low geometry UEs which usually use QPSK, the loss on the Macro capacity due to restriction on TF can be minimized by scheduling optimization. Also, several RRS patterns could be pre-configured on IC UEs, and some dynamic indication of RRS pattern could be further considered to balance the loss on Macro and the RRS gain for the LPN IC UEs.

While the RRS on TF pattern is introduced on Macro NodeB, the performance advantage for the advanced IC LPN UE comes from two aspects. The first benefit for the RRSoTF solution is the increased IC gain for the victim IC UE which is scheduled on the RRS subframe. The reason is the better accuracy for the reconstruction of the interfering signal while low order modulation is scheduled on the interfering link. The second benefit for the RRSoTF solution is the link performance gain introduced by a more accurate CQI feedback corresponding to restricted resource sub-frames. 
7.x.x.1 Performance Evaluation

Performance evaluation for the LPN UE with RRS considers the following quantities to characterize different channel conditions in realistic Hetnet deployment: Macro_Ior/Ioc and LPN UE Geometry. They are defined as  
· Macro_Ior/Ioc is defined as the receiver power of macro interference over the noise power (this value generally corresponds to the LPN position inside the Macro);
· LPN UE Geometry is defined as (LPN_Ior)/(Macro_Ior + Ioc);
where LPN_Ior is the received power of the LPN cell for the LPN IC UE, and Macro_Ior is the received power of the Macro cell, and Ioc is the noise power, including thermal noise and interference from other Macro/LPN cells.
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Fig. 2 Macro_Ior/Ioc and LPN Geometry values for UEs in different LPNs
Fig. 2 illustrates the UE positions for different geometries: high geometry corresponds to a LPN center UE and low geometry corresponds to a LPN edge UE. According to the geometry CDF evaluated in system level simulations, the geometry in LPN ranges from -5dB to 20dB. For Macro_Ior/Ioc, this generally corresponds to the LPN position inside the Macro. 
If all neighbor Macros are fully loaded (100% Tx Power), the Macro_Ior/Ioc values for UEs serving by near field LPNs are about 15dB; for middle and far field LPNs roughly about 10dB and 5dB respectively. 

In actual hotpot scenarios, the neighboring Macro cells around the hotspot Macro are usually partially loaded. Considering half loaded neighboring Macro cells (with 60% of transmit power), the interference Macro_Ior/Ioc increases of about 2.2dB. As an extreme case, if the neighboring Macro cells have zero load, the interference Macro_Ior/Ioc increases of about 7dB.

We simulate the RRS performance under different combinations of LPN Geometry and Macro_Ior/Ioc values. Considering in Hetnet more than 80% of LPN UEs may have low or middle geometry which is less than 10dB, we mostly simulate the cases with -5 ~ 10 dB LPN geometry here. As an example, the restricted TF value of the Macro is QPSK+15codes. The baseline performance is the pre-decoding IC performance when different TFs of interference are randomly scheduled. The random scheduling for the different interference TFs represents the realistic scheduled TF distribution on Macro NodeB.

Table 1 Link level simulation assumptions. 

	Parameter
	Value

	P-CPICH_Ec/Ior
	-10dB

	HS-PDSCH Ec/Ior
	-1dB

	Spreading factor for

HS-PDSCH
	16

	Simulated Interference
	For RRS: QPSK+15codes

For Non-RRS: Variable, the TF is scheduled according to the CDF for the realistic CQI on Macro NodeB

	TBS
	Variable

	CQI Feedback Cycle
	1 TTI

	CQI Feedback Delay
	4TTI

	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
	4

	Propagation Channel Type
	PA3

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	UE Receiver Type
	Pre-decoding IC receiver


The relative gain of RRS over non-RRS for pre-decoding IC is illustrated in Fig.3.
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Fig. 3 RRS gain when the TF of the interference is restricted to QPSK+15codes (Baseline: non-RRS pre-decoding IC performance)

From Fig. 3, we can see that the relative RRS gain increases while the Macro_Ior /Ioc increases from 5dB to 15dB. This means that the victim IC UEs served by LPNs which has closer distance to Macro can achieve more performance gain on a Macro-TF restricted TTI. This is because when the Macro_Ior/Ioc is larger, the Macro Interference is stronger. Also, considering the same received power, an interferer with QPSK modulation is more likely to be reconstructed reliably respect to an interferer that use a higher order modulation type. At low geometry, the victim IC UE will have a larger RRS relative gain compared with middle geometry IC UE. This means that if Macro TF uses low order modulation, the LPN edge IC UE will have larger relative gain.

Considering for near, middle and far field LPNs that the Macro Ior/Ioc values are roughly 15dB, 10dB and 5dB when the neighboring Macro cell is fully loaded, the RRS gain is more than 15% for low geometry IC UEs (whose geometry is less than 0dB) in near field LPN. The RRS gains for low geometry UEs in middle filed LPNs are about 9%. For LPN middle geometry IC UEs, the relative RRS gain is smaller than that for low geometry UEs. 

7.x.x.2 Impact to Macro cell performance

The restriction of the TF for the scheduled resources impacts the macro cell performance. A system level investigation has been done to quantify this impact. The parameter values used in the simulations are listed in Table 2.

Table 2 System simulation parameter values.
	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)

	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 LPNs
	30dBm

	Number of LPNs in a Macro cell
	4

	Dropping criteria for LPNs
	LPNs uniformly distributed within a macro cell.

	Dropping criteria for UEs
	1/2 hotspot

	CIO
	3dB, 6dB

	UE receiver
	Type3i

	Scheduler on Macro
	w/o OP: no optimization on macro scheduler.

	RRS Pattern
	One RRS in every 6 subrames(1/6 Pattern)


Fig. 4 shows the macro average throughput with and without the restriction on TF, for CIO of 3dB and 6dB. The scheduler is the proportional fair scheduler and not aware if RRS if applied. This means that if one UE is scheduled on RRS TTIs, independently from the UE CQI report, the Macro cell schedules a reduced TB size with QPSK modulation. This can be seen as the worst case for RRS on TF mechanism, and the loss shown in Fig.4 can be considered an upper bound.
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Fig. 4 Impact of RRS on average Macro UE throughput
Considering that in the Macro cell there always exist low geometry UEs which usually use QPSK, the impact of RRS on Macro cell throughput can be minimized through scheduling. If the scheduler on Macro can schedule the low geometry Macro UEs with higher priority on the RRS TTIs, the impact caused by the restricted TF can be controlled. Also, the RRS pattern could be adjusted according to the numbers of LPN IC UE and the CQI CDF of the Macro UEs. Thus, optimization of the scheduling mechanism and RRS pattern optimization should be further investigated in order to minimize the impact of RRS on macro UE throughput. 
7.x.x.3 Synchronization Requirements between Macro and LPN

If the Macro and LPN are synchronized, the RRS on TF will give the best performance gain because the signal and interferer are synchronized and IC gain is larger. If the timing on Macro and LPN are not tightly synchronized, the RRS method can give reduced gains. As illustrated in Fig. 5, if the Macro and LPN are not tightly synchronized, only the performance of the LPN IC UE scheduled on the last RRS could be influenced. If UE knows the timing difference between LPN and Macro, some receiver optimization can be done to benefit from the IC in the green labeled time period. The same applies for the initial subframe.and the yellow labeled time period. In realistic deployment, there should be some balancing between the gain and the synchronization overhead.
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Fig. 5 Example of asynchronous networks with RRS.
[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]

3
Conclusions

It is proposed to agree to and capture the text proposal on issues on TF presented in this document to the UMTS HetNet TR [2].
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