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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

One contribution discusses the time-domain dynamic TDD scenarios [1]. This contribution further discusses selected potential scenarios for time-domain, cell-domain and frequency-domain dynamic UL/DL asymmetry in a TDD system.
2. Outbound Offloading - offload Macro cell UEs to low power node cells
As described in Fgiure 1, the Outbound Offloading is referring to the scenario when the network is in heavy load, the macro eNB offloads to low power nodes in order to expand the overall network capacity. 
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Figure 1. An example of outbound offloading: offload Macro cell UEs to low power node cells
From [2], 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.
3. Inbound Offloading - offloads “sleep-mode” cell UEs to “active-mode” cell
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
4. Macro-Pico deployment with different UL/DL configuration

The uplink cell edge data rate is limited if UL:DL=1:3 is configured. This is especially unacceptable in rural area. The cell edge data rate is only 30kbps if the cell area is as large as the maximum coverage area of PRACH burst 0. Annex provides a brief link budget calculation of LTE TDD and LTE FDD.
However, by configuring more uplink subframe in macro cell for TDD system, e.g., UL:DL=2:2, can alleviate the insufficiency of uplink resources. This is very important especially in layered network, e.g., macro-pico deployment.
In such macro-pico deployment scenario, 

· macro-cell is targeting for seamless coverage for a wide area. Thus, configuring UL:DL=2:2 can not only gurantee uplink cell edge data rate, but also more adapt to services, e.g., VoIP.

· while pico-cell is targeting for hotspots for a small area. Thus, uplink data coverage is not a big issue, and configuring UL:DL=1:3 can better match mobile internet services due to asymmetric DL/UL allocation.
By configuring UL:DL=2:2 for maco-cell and UL:DL=1:3 for pico-cell, the pico-cell’s downlink transmission may interfere with macro UEs’ uplink transmission in macro-cell. 
Co-channel and adjacent channel deployment for macro-cell and pico-cell may be of different interference severity.

Especially for co-channel deployment, X2/S1 coordination may be necessary to coordinate frequency-domain resources between macro-cell and pico-cell. This is useful to make macro UE to avoid interference from pico-cell’s downlink transmission.

5. Adjacent channel UL/DL interference from another operator

For multiple TDD network deployed for different operators, it is expected that different UL/DL configuration may cause UL/DL interference. However, it depends on base station deployment and user distribution. Whether severe interference shall be mitigated and how the interference shall be avoided need to be further investigated.
6. Summary

The contribution further consider possible application scenario by introducing different UL/DL configuration either from time-domain, frequency-domain or cell-domain. Four possible scenarios are discussed as follows
· Outbound Offloading - offload Macro cell UEs to low power node cells

· Inbound Offloading - offloads “sleep-mode” cell UEs to “active-mode” cell

· Macro-Pico deployment with different UL/DL configuration

· Adjacent channel UL/DL interference from another operator
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Appendix

	　
	Uplink(TDD) 2Tx
	Uplink(FDD) 2Tx

	Physical Channel
	PUSCH
	PUSCH
	PUSCH

	configuration
	TDD 2:2
	TDD 3:1
	FDD

	MCS
	QPSK, 0.31

	Real Data Rate (kbps)
	1315.63 
	657.81 
	3289.06 

	Cell Radius (km), ISD=500m
	0.30 
	0.30 
	0.30 


Table 1. Uplink link budget for Urban Macro
	ASSUMPTIONS: Transmission bandwidth =20MHz, ETU3, UMa_NLOS, Uplink 1Tx2Rx, Rx Antenna gain =18dBi, Rx Cable Loss=0.5dB, Interference Margin =10dB, Penetration Loss =9dB, Shadow Fading =6dB, Area Coverage Probability =88%, Shadow Fading Margin =7dB, eNB Antenna Height =25m, UE Antenna Height =1.5m, Frequency=2.6MHz, street width=20m, avg. building height=20m

　
	Uplink(TDD) 2Tx
	Uplink(FDD) 2Tx

	Physical Channel
	PUSCH
	PUSCH
	PUSCH

	configuration
	TDD 2:2
	TDD 3:1
	FDD

	MCS
	QPSK, 0.31

	Real Data Rate (kbps)
	68.75 
	34.38 
	171.88 

	Cell Radius (km), PRACH burst 0 is limited
	2.29 
	2.29 
	2.29


Table 2. Uplink link budget for Rural
ASSUMPTIONS: Transmission bandwidth =20MHz, ETU3, UMa_NLOS, Uplink 1Tx2Rx, Rx Antenna gain =18dBi, Rx Cable Loss=0.5dB, Interference Margin =0dB, Penetration Loss =9dB, Shadow Fading =6dB, Area Coverage Probability =88%, Shadow Fading Margin =7dB, eNB Antenna Height =35m, UE Antenna Height =1.5m, Frequency=2.6MHz, street width=20m, avg. building height=5m
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