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1. Introduction
During RAN#51, a new Study Item named “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” is started. The motivation is utilize the benefit of flexible deployments without requiring a pair of spectrum resources for TDD system. One mechanism to realize flexibility is to have dynamic UL/DL asymmetry in a TDD system. The adjustment may be taken place in 
· Time-domain

· Appropriate time scale for uplink-downlink re-configuration to adapt the traffic load as well as energy saving from base station perspective.
· Cell-domain
· The multi-cell scenarios for each cell with different UL/DL asymmetry
· Frequency-domain
· Different UL/DL asymmetry for adjacent channel

This contribution discusses application scenario of dynamic UL/DL asymmetry for TDD system from time-domain. The time-domain concept is related to cell-domain interference issues as well in the following models.
2. Time-domain dynamic UL/DL asymmetry
Currently, LTE TDD allows for UL/DL asymmetric by providing seven different semi-statically configured uplink-downlink configurations. These allocations can provide between 40% and 90% DL subframes. The semi-static allocation may or may not match the instantaneous traffic situation. The current mechanism for adapting UL-DL allocation is based on the system information change procedure. It shall be investigated whether additional mechanisms could include e.g. dynamic allocation of subframes to UL or DL.
Considering real-life traffic is fluctuating in time-domain, it is naturally that time-domain UL-DL re-configuration shall follow the characteristic of the traffic fluctuation. Traffic fluctuate granularity may be taken in several ways. The following categorize as 3 kinds.
2.1. Per day fluctuation

Traffic distribution fluctuates between daytime and night in a typical network for most cases.
For daytime, to provide flexible capacity expansion or offloading, a cellular network is usually deployed in a hierarchical structure. The macro eNB with high transmit power and high antenna height are deployed to provide wide coverage, whereas some low power nodes such as micro, pico, HeNB and relay nodes, are deployed for the coverage extension or offloading.
For night, network load is kept in a relative low level.  Hence the macro eNB with high transmit power and high antenna height could absorb more UEs from the neighbouring cells. The neighbouring cell of reduced load could reconfigure DL/UL in order to minimize the downlink transmission, which saves the base station energy consumption.
2.1.1 Daytime - Outbound Offloading
As described in Fgiure 1, the Outbound Offloading is referring to the scenario when the network is in in heavy load, the macro eNB offloads to low power nodes in order to expand the overall network capacity. 


[image: image7.png]



Figure 1. An example of outbound offloading: offload Macro cell UEs to low power node cells
From [1], it is proposed that interfering cell adopt heavier uplink configuration compared with the interfered cell in order to allow certain uplink subframe to be null as fake uplink subframe to mitigate the interference to the interfered cell.
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	Figure 2a interference control for Pico UE
	Figure 2b Range expansion of Pico UE 


Another point need to be considered is the interference between fake uplink and downlink subframe. As defined in the current specification, 7 DL/UL configuration is allowed, which present possibility of different DL/UL configuration in different cells. In the UL subframe, UL transmission may include ACK/NAK/SR/CQI PUCCH transmission, SRS transmission, PUSCH transmission, PRACH transmission, but only dynamic ACK/NAK channel and transmission is implicitly indicated by the CCE index of the DL grant, other UL transmission is either semi-static configured or event triggered, which can be made null by some scheduling/configuration restriction at network side, which means that in some UL subframes, UL transmission can be restricted in very limited resource.
Further, in some special scenario, e.g, Hetnet deployment, if network side can mitigate the requirement of ACK/NAK feedback in corresponding UL subframes, the typical inter-eNB interference will become less serious. Specially, if the network can support inter-subframe DL scheduling, some UL subframe can be made completely blank.

2.1.2 Night - Inbound Offloading
As described in Figure 3, the Inbound Offloading is referring to the scenario when network is in low load, the cell of low load could reconfigure DL/UL in order to minimize the downlink transmission. It is more like the base station is in a “sleep-mode”. 
The sleep-mode cell has the following characteristics:

· less downlink transmission which saves power consumption,

· adopt heavier uplink configuration than “active-mode” cells, which allows certain uplink subframe to be null as fake uplink subframe in order to mitigate the interference to the interfered cell which does not change DL/UL configuration.
Here, we refer “active-mode” cell as normal cell which does not reconfigure DL/UL.
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Figure 3. An example of inbound offloading: configure the low load cell as “sleep-mode” cell and offloads “sleep-mode” cell UEs to “active-mode” cell 

The consequence by introducing different mode, a.k.a sleep-mode and active-mode, into the network might be as follows.
User perceived throughput
One point from user experience perspective needed to be considered is the so-called “User perceived throughput (during active time)”, which is defined as the size of a burst divided by the time between the arrival of the first packet of a burst and the reception of the last packet of the burst [reference 2, section A2.1.4]. In order not to largely decrease the user perceived throughput in “sleep-mode” cell, certain number of sleep-mode cell UEs (hereafter regarded as “offloaded UE”) which requires high throughput could be offloaded to active-mode cell in order to get more chance for downlink transmission. 
Interference avoidance for offloaded UEs

As described in figure 4, in order to avoid server interference from sleep-mode cell, “offloaded UE” data transmission are allocated in” interference-free” downlink subframes. Those “interference -free” downlink subframe are protected by configuring fake uplink subframes in sleep-mode cells.

The concept and interference of fake uplink subframes is similar to outbound offloading cases. Only dynamic ACK/NAK channel and transmission is implicitly indicated by the CCE index of the DL grant, other controls, e.g., CQI, PUCCH transmission, SRS transmission, PUSCH transmission, PRACH transmission, are either semi-static configured by higher layer or event triggered. They can be made null by some scheduling/configuration restriction at network side. 
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Figure 4 fake uplink in “sleep-mode” cell
2.2. Per packet fluctuation

2.2.1 Femto cell scenarios
The femto CSG cell for indoor scenario usually has following characteristics

· Few served UEs, e.g, 1~5 UEs in a room or neighboring rooms with small penetration loss.

· Served UEs are active or idle/power off in different time determined by traffic activity.

Taken the above characteristics into account, the overall served traffic in a femto cell is fluctuates with peak and bottom value quite often. It can be predicted the fluctuation granularity will be packet length. Therefore, whether the dynamic UL/DL asymmetry can benefit the overall throughput is dependent to the 

· Packet arrival model, e.g., packet size, arrival rate and etc.;
· Time scale of cell UL/DL asymmetry re-configuration;
· System bandwidth which indicating the capability of how fast the system can delivering the data from femto to UEs ot UEs to femto.
2.2.2 Pico cell scenarios
Pico cell deployed in hotspots usually serves couples of users. Therefore, the overall served traffic in a cell may not have very clear fluctuation in a packet-size duration scale. However, it is still a question mark whether the future applications may has different models which may lead to different packet arrival models. The instant messaging packet with very small packet-size and periodic arrival is a good example to be considered.
2.3. Per frame fluctuation: fast re-configuration in each frame

Considering the potential downlink-uplink interference between neighboring cells, the possible scenarios shall be classified as 
Coordinated

· It can be considered some coordination scheme, e.g., ABS pattern coordination, exchanged between cells in order to avoid potential downlink-uplink interference between neighboring cells.

Non-coordinated 
· In contrast to coordinated scheme, no additional information is exchanged between neighboring cells. 

Considering relative low transmit power for femto-cell, it is comparable to UE transmit power, e.g., 23dBm. Then the downlink-uplink interference in a femto cell scenario is as same as downlink-downlink or uplink-uplink interference. Non-coordinated scheme without taking uplink-downlink interference into account is possible in such a femto only scenario.

3. Conclusion
This contribution discusses application scenario of dynamic UL/DL asymmetry for TDD system from time-domain. The time-domain concept is related to cell-domain interference issues as well in the following models

· Per day fluctuation

· Apply fake uplink subframe to avoid
· potential interference from macro-cell in outbound offloading in daytime;
· potential interference from sleep-model cell in inbound offloading in night.

· Per packet fluctuation

· For femto cell, whether the dynamic UL/DL asymmetry can benefit the overall throughput is dependent to the 

· Packet arrival model, e.g., packet size, arrival rate and etc.;

· Time scale of cell UL/DL asymmetry re-configuration;

· System bandwidth which indicating the capability of how fast the system can delivering the data from femto to UEs ot UEs to femto.

· For pico cell, the benefit is not so obvious. However, the instant messaging packet with very small packet-size and periodic arrival is a good example to be further considered.
· Per frame fluctuation
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