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1 Introduction

The heterogeneous networks have become a hot topic in 3GPP since RAN1#59. Rel-10 aims to provide efficient support for heterogeneous scenarios with a mixture of macro cells and low power eNBs [1] (for example femto-cell or pico-cell). The latter is captured in the recent update of the LTE-Advanced study item description [2].
In RAN1#59 the deployment scenario of HetNet and the priorities were defined [3], where we can see that the Macro+HeNB co-deployment scenario is very important in HetNet. In this contribution we discuss the scenario, where different TDD uplink-downlink configurations between the HeNBs are used. Based on our investigation, the use of different uplink-downlink configurations between the TDD HeNBs in HetNet is feasible and beneficial for improving the achievable system efficiency.
TDD and FDD systems have their own advantages and disadvantages. For the TDD system, flexible configuration of uplink-downlink proportion of subframe is one of its most important merits. Based on different service requirements, TDD systems can use different uplink-downlink configurations shown in Fig. 1 REF _Ref264634361 \h 
 \* MERGEFORMAT , thus providing more flexibilities for network deployment. For example, if the need for downlink data is much more than that for uplink, the TDD Configuration 4 or 5 can be used. Similarly, if uplink data is in more demand than downlink, the TDD Configuration 0 or 6 can be employed.
In the Annex, statistics collected from the existing mobile networks is provided, which demonstrates that in current mobile networks the demands for uplink and downlink resources are not balanced in terms of time periods, subscriber groups and service types. Hence, it is beneficial to consider the employment of dynamic uplink-downlink configurations for TDD network deployment.

[image: image1.emf]Configuration 2

4:1

Configuration 1

3:2

Configuration 0

2:3

Configuration 5

9:1

Configuration 4

8:2

Configuration 3

7:3

Configuration 6

5:5

DL subframe UL subframe GP

10ms radio frame


Fig. 1: Uplink-downlink configurations in frame structure type 2.
2 Different Uplink-Downlink Configurations for Macro eNBs
In the application of 3G TDD, we found that it was difficult to employ different uplink-downlink configurations among the eNBs because of strong inter-cell interference imposed by the mismatch of downlink and uplink time slots between the neighbouring cells. This type of interference is referred to as the Cross-Timeslot Interference (CTI). At a certain time slot, as show in Fig. 2 as an example, eNB1 is in its downlink subframe while eNB2 is in its uplink subframe. This yields two types of CTI:

· CTI Type 1: The UE served by eNB1 in its downlink transmission may be interfered by the UE served by eNB2 in its uplink transmission.

· CTI Type 2: eNB2 in its uplink transmission may be interfered by eNB1’s downlink transmission.
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Fig. 2: Interference scenarios for Marco eNBs using different uplink-downlink configurations.
For the UEs close to the cell edge, they may suffer severe interference. For this reason, in the deployed 3G TDD system the same uplink-downlink configuration has been statically or semi-statically configured for all eNBs. In this case, system resource is wasted when different service requirements are needed by the neighbouring eNBs.
For Macro eNBs (MeNB), the business model may be similar such that the uplink-downlink proportion of the business operation requirements can be fixed. Furthermore, the number of Macro UEs (MUE) is very large, which facilitates the statistics measurement. Therefore, centralized management of uplink-downlink configurations is reasonable and we can select a specific uplink-downlink configuration according to statistical experience.
However, in the context of HeNBs, the number of Home UEs (HUE) in the HeNB cell is very limited, such that the uplink-downlink proportion requirement for different HUE can be quite different. If we still use the same uplink-downlink configuration for all HeNBs as we do for all MeNBs, the efficiency of resource utilisation may be significantly reduced for some of the HUEs.
Thus, in the HetNet deployment scenario, how to meet the need of dynamic and flexible uplink-downlink configuration requirements based on business needs is a very important and valuable topic, which requires extensive discussions.
3 Different Uplink-Downlink Configurations for Home eNBs
When HeNBs use different uplink-downlink configurations in the HetNet scenario, four types of CTI may be introduced, as shown in Fig. 3:

· CTI Type 1: HUE1 served by HeNB1 in its downlink transmission may be interfered by HUE2 served by HeNB2 in its uplink transmission.

· CTI Type 2: HeNB2 in its uplink transmission may be interfered by HeNB1 transmissions.

· CTI Type 3: HeNB2 in its uplink transmission may be interfered by DeNB transmissions.

· CTI Type 4: UE3 served by MeNB (or Donor eNB, DeNB) in its downlink transmission may be interfered by HUE2 served by HeNB2 in its uplink transmission.

Observations:

1. CTI Type 1 is dynamic, since HUE can be mobile. Especially, the interference becomes severe when HUE1 is close to HUE2.
2. CTI Type 2 is semi-static, since HeNB is relatively immobile. The interference intensity changes when relative positions between the HeNBs (or between HeNB and DeNB) change.
3. CTI Type 3 is considered as insignificant, since the HeNB is typically deployed in areas where MeNB has a weak coverage.
4. CTI Type 4 is considered as insignificant, since the power of HUE is significantly lower than that of the MUE. Note that in this contribution we only focus on the HeNB/HUE scenario, so this type of CTI is not considered.
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Fig. 3: Interference scenarios in the HetNet using different uplink-downlink configurations between the HeNBs

A HeNB is typically of the size of a residential gateway or smaller and reuse the end-user’s broadband connection. It provides additional coverage in a range of typically 30 to 50 meters. The output power of HeNB is usually around 20mW only. There exist relatively high obstruction losses between the HeNBs, given the fact that they are usually deployed indoors, e.g. in rooms, halls, etc. Therefore, the interference between HeNBs under the employment of different configurations is limited. If the measured interference level is low, different uplink-downlink configurations may be employed by neighbouring HeNBs for improving system efficiency. If the measured interference level is high, the same configuration may be adopted by neighbouring HeNBs. The optimal mechanism for configuration management needs further studies.
4 Theoretical Analysis
As an initial investigation, let us have a simple analysis on the various types of CTI mentioned in previous sections. The parameters assumed and corresponding results are provided in Table 1 and Table 2, respectively.
Table 1: Parameters assumed in the theoretical analysis.
	Parameter
	Value

	HeNB_Power (dBm)
	20

	DeNB_Power (dBm)
	46

	HeNB Target P0 (dBm)
	-86

	DeNB Target P0 (dBm)
	-106

	Penetration loss (dB)
	20

	ISD between HeNBs (m)
	20 or 2

	ISD between DeNBs (m)
	1000

	Distance between HeNB and DeNB (m)
	500

	Distance between HUE and HeNB (m)
	5


Table 2: Theoretical results based on parameters in Table 1.
	CTI
	Type 1
	Type 2
(ISD between HeNBs = 20m)
	Type 2
(ISD between HeNBs = 2m)
	Type 3

	Source
	Signal
	Interference
	Signal
	Interference
	Signal
	Interference
	Signal
	Interference

	Direction
	HeNB -> HUE
	HUE -> HUE
	HUE -> HeNB
	HeNB -> HeNB
	HUE -> HeNB
	HeNB -> HeNB
	HUE -> HeNB
	DeNB -> HeNB

	Sig. pwr. (dB)
	-67.8
	-103.4
	-86
	-105.8
	-86
	-75.8
	-86
	-104


The theoretical results show that if the distance between the HeNBs is not very short, all the four CTI types are acceptable. However, when the distance between the HeNBs is as short as 5 meters (this can happen, for example when two HeNBs owned by different users are placed on the two sides of a wall that separates two rooms in a building), CTI Type 2 becomes severe, as highlighted in Table 2. More explicitly, whether we should use the different uplink-downlink configurations between the HeNBs depends on the placement of the HeNBs and the HUEs. In most cases, the interference level is acceptable and the employment of flexible configurations is feasible. In some cases, for example when the HeNBs are close to each other, some method or mechanism is needed for deciding the feasibility (interference level) and the necessity (service requirement) of using different configurations between the HeNBs.
5 Conclusion
In this contribution, we discussed the necessity and feasibility of applying different uplink-downlink configurations between TDD HeNBs in heterogeneous networks and provide initial analysis on the CTI. We suggest that this scenario should be considered and it should be discussed that how to support the dynamic and flexible management of different uplink-downlink configurations between the HeNBs based on measured interference level as well as operational requirements.
Our proposals are as follows:

· Proposal 1: The employment of different uplink-downlink configurations in TDD HeNBs in heterogeneous networks should be considered.
· Proposal 2: Some mechanism for supporting the employment of different uplink-downlink configurations in TDD HeNBs in heterogeneous networks should be discussed and standardized.
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Annex: Practical demands on dynamic uplink-downlink configurations in TDD networks
A.1 Temporal imbalance of network traffic
Fig. 4 shows the statistics of mobile network traffic and the number of users at different time of a day in 2008 [4]. It can be seen that the traffic reaches its peak at 12:00 and after 22:00. In these two peak periods, the number of the users for data services is higher than the other periods. Obviously, the network traffic is imbalanced at different time of a day:

· The maximum network traffic can be as high as 16,000GB, while the minimum network traffic is as low as 3,000GB.
· The maximum number of users is 950,000, while the minimum number of users is 150,000.
When we use the same uplink-downlink configuration between HeNBs during the whole day, the network resource is not under optimal utilization.
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Fig. 4: Typical mobile network traffic and the number of users at different time of a day [4].
A.2 Subscriber imbalance of network traffic

It is expected that some subscriber groups use data services more frequently than others, for example students, business users, etc. Thus, in specific locations such as university campuses, residential districts, offices, etc. data service is in higher demand than in other areas. In Fig. 5, the distribution of occupation types among mobile video service subscribers is provided.
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Fig. 5: The distribution of occupation types among mobile video service subscribers [4].
It can be seen in the figure that the mobile video service is mostly used by students (30.2%), business employees (28.1%) and business managers (17.2%). Other user groups, for instance farmers, self-employed and unemployed people are much less in demand for video or data services. Thus, the networks in university campus and business offices should be optimized for data services, while other areas can be optimized for other services, e.g. voice services.
A.3 Unsymmetrical throughput requirements in data services

In the mobile network, the throughput requirement for various data services are different. In Table 3 and Fig. 6, the statistics of data services in terms of throughput distribution is provided.
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Fig. 6: Distribution of data services in terms of throughput [4].
Table 3: Distribution of data services in terms of throughput [4].
	Service Type
	Throughput (GB)
	Proportion (%)

	Others
	351.59
	14.91

	Video
	178.18
	7.55

	Audio
	44.06
	1.87

	IM
	164.15
	6.96

	Securities
	3.48
	0.15

	Top-10 websites
	908.67
	38.53

	Top-level DNS
	341.84
	14.49

	Domain information
	366.61
	15.54


According to Table 3 and Fig. 6, it can be found that the existing data services requiring unsymmetrical uplink-downlink resources, e.g. video services, website visits, etc. occupy a large portion of the overall network traffic. It is expected that such unsymmetrical type of services will continue to grow in demand in TDD LTE. Again, the exploitation of dynamic uplink-downlink configurations can improve the utilization of system resources under such requirements.
From above discussions, it can be seen that in current mobile networks the demands for uplink and downlink resources are not balanced in terms of time periods, subscriber groups and service types. With the introduction of TDD LTE HeNBs, the demand for new data services such as video surveillance, mobile video conferencing, mobile Internet etc will further increase the need for flexibly configured unsymmetrical uplink and downlink resources. Hence, it is indeed beneficial to develop some optimal mechanism to employ the dynamic uplink-downlink configurations between HeNBs in the TDD heterogeneous networks.
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