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1
Introduction

For Rel-12, the working item“Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” was agreed in RAN#58 meeting [1].  If enhanced interference mitigation and traffic adaptation (eIMTA) can be supported, the better resource utilization efficiency will be provided by changing TDD UL/DL configuration dynamically.  Although the faster reconfiguration time scale leads into the better TDD adaptation gain, it will also cause some phenomenon of HARQ discontinuity.  In this contribution, signalling mechanisms and HARQ timelines for TDD UL/DL reconfiguration are discussed.
2
Signalling Mechanisms for TDD eIMTA
The existing seven TDD UL/DL configurations can support different DL:UL ratios (from 2:3 to 9:1) which is listed in Table 1.  To adapt real traffic situation, eNB may dynamically reconfigure its UL/DL configuration.  One important issue for eIMTA is how fast eNB can reconfigure its TDD UL/DL configuration, and the reconfiguration time scale is related to its signalling mechanisim.  In this section, two different options are discussed for TDD UL/DL reconfiguration: one is the actual TDD UL/DL configuration is known by Rel-12 UEs, and the other is the actual TDD UL/DL configuration is unknown by Rel-12 UEs.
Table 1: TDD UL/DL configurations

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


2.1

Option 1: The actual TDD UL/DL configuration is known by UE
The signalling mechanisms for indicating the actual TDD UL/DL configuration have been widely discussed, which include system information (SI) signalling, radio resource control (RRC) signalling, MAC control element (CE) signalling, and physical layer signalling.  The different signalling mechanisms could support different time scales of TDD reconfiguration, and the comparisons are listed in Table 2.  In general, the faster reconfiguration time scale, the better gain of dynamic traffic adaptation can be exploited.  Although SI signalling is backward compatible, it’s hard to achieve better traffic adaptation gain due to the larger reconfiguration time scale (640 ms).  On the other hand, physical layer signalling may fully exploit the gain of traffic adaptation, but it may suffer the most severe phenomenon of HARQ discontinuity.  To solve the phenomenon of HARQ discontinuity, some companies propose to apply the reference TDD UL/DL configurations instead of its actual UL/DL configuration during the transition period [2] [3] [4].
Table 2: Signalling mechanisms of the actual TDD UL/DL configuration is known by Rel-12 UEs
	Signalling Mechanism
	Time Scale
	Pros & Cons

	Option 1-1:

SI signalling
	640 ms
	Pros
	· Backward compatible
· No specification impact

	
	
	Cons
	· Cannot support dynamical traffic adaptation

	Option 1-2:

RRC signalling
	~ 200 ms
	Pros
	· Better traffic adaptation gain than Option 1-1

	
	
	Cons
	· HARQ discontinuity is more severe than Option 1-1

	Option 1-3:

MAC signalling
	~ 40 ms
	Pros
	· Better traffic adaptation gain than Option 1-2

	
	
	Cons
	· HARQ discontinuity is more severe than Option 1-2

	Option 1-4:

L1 signalling
	~10 ms
	Pros
	· Better traffic adaptation gain than Option 1-3

	
	
	Cons
	· HARQ discontinuity is more severe than Option 1-3


2.2

Option 2: The actual TDD UL/DL configuration is unknown by UE
In this section, it is introduced that only reference UL/DL configurations for PDSCH and PUSCH HARQ-ACK timing are known and the actual TDD UL/DL configuration could be unknown by Rel-12 UEs [5].  There are two reference UL/DL configurations introduced for PDSCH and PUSCH HARQ-ACK timeline which could be signalled via higher layer signalling (e.g. RRC signalling).  Instead of the actual UL/DL configuration, Rel-12 UEs follow the reference UL/DL configurations for transmitting and receiving the corresponding HARQ-ACK.  In other words, the reference UL/DL configurations can be semi-statically configured and Rel-12 UEs follow them for HARQ-ACK timelines regardless of the actual UL/DL configuration.
For example, when eNB dynamically changes its TDD UL/DL configuration within all UL/DL configurations, the UL/DL configuration 5 can be selected as a DL-reference configuration for PDSCH HARQ-ACK and the UL/DL configuration 0 can be selected as a UL-reference configuration for PUSCH HARQ-ACK.  Regardless of which UL/DL configuration eNB provides, the reference UL/DL configurations could ensure each PDSCH/PUSCH has a corresponding HARQ-ACK feedback resource.  In the other example, if eNB dynamically changes its TDD UL/DL configuration within a subset of configurations, the reference configurations for PDSCH/PUSCH HARQ-ACK could be determined according to the subset of configurations.  In this case, the DL-heavy UL/DL configuration could be selected as DL-reference configuration for PDSCH HARQ-ACK, and the UL-heavy UL/DL configuration could be selected as UL-reference configuration for PUSCH HARQ-ACK.  Since eNB dynamically changes its TDD UL/DL configuration within the subset of configurations, Rel-12 UEs follow DL-referencec and UL reference configuration for PDSCH and PUSCH HARQ-ACK timeline respectively regardless of the actual TDD UL-DL configuration.  
In addition, a number of bits can be used to indicate the subset of configurations and the corresponding reference UL/DL configurations for PDSCH and PUSCH HARQ-ACK timing, and the indicator can be signalled via higher layer signalling (e.g. RRC signalling).  As shown in Table 3, there is an example of using 1-bit to indicate the subset of configurations and the corresponding reference UL/DL configurations.  In this example, subset index “1” indicating that eNB dynamically changes its UL/DL configuration within configuration {3, 4, 5}; furthermore, the corresponding reference configuration for PDSCH HARQ-ACK is UL/DL configuration 5 and the reference configuration for PUSCH HARQ-ACK is UL/DL configuration 3.  As shown in Figure 1, eNB dynamically changes its UL/DL configuration within configuration {3, 4, 5} and the actual UL/DL configuration is unknown by Rel-12 UEs.  As shown in Figure 1(a), although the actual UL/DL configuration is unknown, Rel-12 UE reports PDSCH HARQ-ACK according to the UL/DL configuration 5 to ensure each PDSCH has a corresponding resource for HARQ-ACK response.  Similarly, as shown in Figure 1(b), Rel-12 UE receives PUSCH HARQ-ACK according to the UL/DL configuration 3 to ensure each PUSCH has a corresponding resource for transmitting HARQ-ACK information.
Table 3: 1-bit is used to indicate the subset of UL/DL configurations

	Subset Index
	Subset Elements
	Reference Configuration for PDSCH HARQ-ACK
	Reference Configuration for PUSCH HARQ-ACK

	0
	Configuration 0,1,2,6
	Configuration 2
	Configuration 0

	1
	Configuration 3,4,5
	Configuration 5
	Configuration 3
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Figure 1: eNB dynamically changes its UL/DL configuration within configuration {3, 4, 5} and the corresponding DL-reference and UL-reference UL/DL configurations are (a) UL/DL configuration 5 for PDSCH HARQ-ACK, (b) UL/DL configuration 3 for PUSCH HARQ-ACK
4
Conclusions

In this contribution, the signalling mechanisms and HARQ timeline for TDD eIMTA are discussed.  We suggest that the following proposals can be considered: 
Proposal 1: 

· The actual UL/DL configuration could be unknown by Rel-12 UEs
Proposal 2: 

· To define DL-reference and UL-reference UL/DL configurations for PDSCH and PUSCH HARQ-ACK timing respectively instead of its actual UL/DL configuration, and the details can be FFS.
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