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1 Introduction

The traditional cellular communication systems were designed for some typical voice services with the assumption of symmetric downlink and uplink traffic ratio in one cell, e.g. the symmetric paired spectrum for Frequency Division Duplex (FDD) systems. However, this static allocation of the frequency resources between downlink and uplink transmission in LTE is not efficient to support dynamic asymmetry cell traffic. Accordingly, we propose to investigate the evolution of LTE for traffic adaptation. Especially, we propose a more flexible way of utilizing the static allocated paired spectrum, with the possibility of exploiting the spare frequency bands or time slots in LTE uplink (or downlink) for the low power downlink (or uplink) transmission, termed as flexible duplex [1]. 

This paper provides the motivations of further evolving LTE for a more flexible and efficient traffic adaptation, for the study proposal in Rel-13 [2]. 

2 Network Traffic Characteristics
2.1 Typical MBB service characteristics

With the boosting of mobile broadband services in recent year, more and more popular services have the characteristics of asymmetric downlink and uplink bitrates, where many are downlink heavy, and some are uplink heavy. Table 1 shows the characteristics of some popular internet services, e.g. the online video, downloading and web browsing services are typically DL heavy, while social network and some P2P sharing is usually UL heavy, It worth to note that the ratio may vary due to the upgrade of screen sizes of PC and terminals, as well as user habits.
Table 1: UL/DL traffic ratios of different service types
	Service type 
	UL/DL ratio -average 

	Online video 
	1:37 

	Software download 
	1:22 

	Web browsing 
	1:9 

	Social Netwok Service
	4:1 

	Email 
	1:4 

	P2P video sharing 
	3:1 


2.2 Hotspot network traffic statistics
In one cell, there are multiple users that may use different services. Such new types of services as above are more popular in hotspots, where small cells are deployed with limited number of active users per cell. In the small cell hotspot deployment scenario, the downlink and uplink traffic demand in one cell may fluctuate with times or places.  Figure 1 shows the practical traffic load statistic at a football game on one Sunday at some city in Europe. It can be seen clearly that, at some moments, the active users in a small cell would create more downlink traffic, while at some other moments the active users would create more uplink traffic.
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Figure 1:  UL/DL demand at different times

Recent years, the system experiences downlink heavy traffic more often, in which case DL band crammed with DL traffic would become the bottleneck in contrast to the lightly loaded uplink band, and vice versa. 

3 Proposal

Considering the imbalance between the static resource allocation and the varied and asymmetric traffic load between downlink and uplink, we propose to exploit flexible duplex in LTE system, in particular permitting the low power downlink transmission in FDD spare uplink frequency bands or time slots, by which FDD is able to support the flexibility of dynamical traffic adapted resource allocation. The flexible duplex application is limited only for the low power small cell scenario, considering that DL transmission power of a small cell is comparable with a UE’s transmission power [3], which will not cause coexistence problem to the legacy uplink transmission. Moreover, preliminary co-existence simulation results and analysis shows no major issue for inter-operator and adjacent carrier interference, assuming some standard support. Detailed analysis and simulation results are shown in the Annex.
As initially evaluated, DL throughput can be enhanced by 51% when 40% subframes of the FDD UL band can be used for downlink data transmission in addition to the FDD DL band [1].
As for regulation issues which may need further study, potential solutions could be identified. For example, some bands seem to be duplex neutral (e.g. 1900-1920 and 2010-2025 in EU) [4], on which flexible duplex could be deployed; for existing FDD bands, new rules could be defined or an additional device co-located with eNB facilitates deploying flexible duplex. 
We propose to set up a new SI [2] on evolving LTE with Flexible Duplex, which can start in Rel-13 in RAN#66. 
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Annex
Different operators with adjacent carriers may have the same coverage, as shown in Figure 2. Macro and Pico belong to different operators. Pico utilizes current UL band for DL transmission in some subframes, while Macro UEs still transmits UL signals in adjacent UL band. Relative to the conventional FDD/TDD systems, there are two additional types of adjacent carrier Interference in flexible duplex system: Pico BS to Macro BS interference; Macro UE to Pico UE interference.
[image: image2.png]


 
Figure 2: Two additional types of adjacent interference diagram in flexible duplex system
In general coexistence simulation for BS, the performance loss can be considered to be acceptable when average throughput loss and 5% CDF throughput loss are both less than 2% in case of ACIR=45dB. Simulation assumptions are shown in Table 2. Results of adjacent Interference between BSs are shown in Table 3. From the simulation results it can be seen that, if Pico BS’s transmit power is less than 24dBm, the interference to Macro BS can be acceptable with antenna gain of 0dBi or 3dBi. If Pico BS’s transmit power equals 30dBm with antenna gain of 0dBi, the interference to Macro BS can be acceptable. If Pico BS’s transmit power is 30dBm with antenna gain of 3dBi, the interference to Macro BS is serious. Thus, by limiting the maximum transmit power, the BS to BS adjacent interference can be acceptable.
Table 2: Simulation assumptions
	Parameter
	Assumptions

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz

	Pico Number
	1 indoor & 1 outdoor Pico / Macro

	Synchronization
	Yes


Table 3: Simulation results of interference between eNBs
	ACIR (dB)
	30
	35
	40
	45
	50

	24dBm 0dBi
	Avg thrpt loss (%)
	5.6
	3.0
	1.6
	0.8
	0.4

	
	Edge thrpt loss(%)
	57.9
	14.1
	0.0
	0.0
	0.0

	24dBm 3dBi
	Avg thrpt loss (%)
	8.0
	4.4
	2.3
	1.2
	0.6

	
	Edge thrpt loss(%)
	75.6
	42.3
	0.0
	0.0
	0.0

	30dBm 0dBi
	Avg thrpt loss (%)
	11.3
	6.3
	3.4
	1.8
	0.9

	
	Edge thrpt loss(%)
	86.1
	64.2
	24.3
	0.0
	0.0

	30dBm 3dBi
	Avg thrpt loss (%)
	15.7
	9.0
	4.9
	2.6
	1.4

	
	Edge thrpt loss(%)
	92.5
	79.7
	50.7
	2.8
	0.0


For interference from Macro UE to Pico UE, the interference only impact the UEs with flexible duplex function, while it will not impact the neighbouring traditional UEs without flexible duplex function. Moreover, Macro UE will interfere with Pico UE only when they are very close together. If Pico UEs’ channel condition deteriorates, Pico can use AMC to choose the proper MCS to get the correct transmission to UEs, or not transmit the DL low power signals in the whole bandwidth if there is strong interference from the nearby adjacent-carrier UEs from other operators, or other new method.
