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1
Introduction
In this paper, we generally discuss the possible enhancements and methods to support dynamic TDD UL-DL configuration adapting to the traffic. Possible specification impacts are also analysed.
2
Discussions
2.1 


Signalling to support TDD UL-DL reconfiguration

By further enhancements to LTE TDD, TDD UL-DL configuration can be dynamically changed to adapt to the traffic [3]. By such a method, the UL/DL resources can be used more flexibly and the resource efficiency is further increased especially for traffic with large fluctuation between uplink and downlink. To enable this feature, the first issue to be considered is how to dynamically change the TDD UL-DL configuration in terms of signalling.
In Rel-8/9/10, TDD UL-DL configuration is indicated in system information block 1(SIB1) [1] and changed according to modification period of system information. However, the changing periodicity of such method is rather long, e.g. the minimum periodicity of modification period is 640ms. Moreover, there is an ambiguity period when the eNB and the UE may not have consistent understanding about the UL-DL configuration. This is because SIB1 has retransmissions and UE does not configure new TDD UL-DL configuration until new SIB1 is correctly received. In the meantime, the eNB does not know when the UE has correctly received the SIB1 since there is a lack of UL response. A safe method is such that the eNB reserves a rather long period to ensure that all UEs have configured the new TDD UL-DL configuration. But this method leads to significant resource waste especially when TDD UL-DL configuration is changed frequently. Furthermore, during this ambiguity period, UE’s measurement is also impacted since UE may try to measure CRS on UL subframes which will results in inaccurate channel information report and possible RLF for the UE. The impact is larger when TDD UL-DL configuration is changed more frequently. Finally, from the RAN1 evaluations [5]
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[7], faster reconfigurations lead to better performance over slower reconfiguration. Based on above discussion, we have the following observation:
Observation 1: System information is not suitable for dynamically reconfiguring the TDD UL-DL resources.
From the above analysis, using SIB1 to change TDD UL-DL configuration to adapt to the traffic is not a good preference. To enable faster TDD UL-DL reconfiguration, RRC signalling, MAC signalling and PHY signalling can be further considered.
By RRC signalling, the TDD UL-DL configuration can be changed more dynamically than system information. However, the configuration duration is still long considering the HARQ procedure in MAC layer, ARQ procedure in RLC layer for both RRC configuration signalling and RRC response signalling. Furthermore, configuration timing e.g. 15ms in RRC layer needs also to be considered [1]. As a result, hundreds of ms are still needed by the RRC signalling solution. Furthermore, similarly to the system information –based solution, there is also an ambiguity period when RRC response signalling is not received by the eNB. Again the impact on resource utilization and UE measurement will be larger when TDD UL-DL configuration is changed more frequently.
By MAC signalling, the TDD UL-DL configuration can be changed more dynamically compared with RRC signalling. Considering the HARQ procedure and UL feedback timing, the configuration interval can be dozens of ms. However, the reliability of MAC signalling is worse than RRC signalling because of the lack of ARQ procedure in RLC layer and possible NACK-to-ACK error makes the eNB may think the UE received the new configuration while in reality it did not. 
By PHY signalling, the TDD UL-DL configuration can be changed by subframe or radio frame/half frame basis, which is the most dynamic method for reconfiguring the TDD UL-DL resources. In half duplex FDD in Rel-8/9/10, there is a method to determine UL/DL subframe based on DL/UL scheduling from eNB. But this method is not suitable for dynamic TDD UL-DL configuration, because TDD UL-DL configuration is changed by cell basis and UE cannot monitor other UE’s control signalling to determine the UL/DL subframe. Besides, there may be impacts on UE’s measurements if a specific subframe is UL subframe but the UE regards this as a DL subframe. Thus a broadcasted physical layer signalling seems more suitable. The reliability of such signalling needs very robust; otherwise the UE may misunderstand the TDD UL-DL configuration which will impact at least the UE measurements but which can be solved by restricting UE measurement to fixed subframes.
Observation 2: Physical layer signalling is suitable for reconfiguring TDD UL-DL resources.

2.2 


HARQ issues

Besides the reconfiguration signalling discussed above, HARQ is another important issue for dynamic TDD UL-DL configuration since TDD UL-DL configuration is changed frequently and some subframes are flexible between UL and DL, which may impact the UL grant and HARQ feedback timing. In [2], one HARQ method is proposed to restrict the HARQ/scheduling signalling into fixed subframes. This method seems simple but has rather big specification impacts, e.g. the reference TDD UL-DL configuration need to be signalled or predefined for each TDD UL-DL configuration with flexible subframes. Together with SIB1 indicated TDD UL-DL configuration and reconfiguration signalling indicated TDD UL-DL configuration, there are totally three TDD UL-DL configurations for UE which increase the complexity of the UE behaviour. Besides, HARQ/scheduling timing for flexible subframes needs to be defined for each of seven existing TDD UL-DL configurations. Moreover, if all HARQ feedbacks are restricted to one UL subframe, and then UL feedback performance is decrease due to A/N bundling which will further impact the DL throughput.
Another possible solution is to simply determine the HARQ/scheduling timing based on corresponding reconfigured TDD UL-DL configuration assuming there is explicit signalling for this as analysed in section 2.1. For example, if the previous TDD configuration is 1, then the reference TDD UL-DL configuration for HARQ/scheduling timing is configuration 1. If the next TDD configuration is changed to 2, then the reference TDD UL-DL configuration for HARQ/scheduling timing is configuration 2. By such a method, existing HARQ/scheduling timing can be fully reused. One issue to be considered in such method is the HARQ/scheduling timing for “boundary subframes”. For these subframes, the data transmission is sent before/after the TDD UL-DL reconfiguration, while feedback/grant is sent after/before the reconfiguration, then in such a case, the timing needs more considerations.
Observation 3: Restricting HARQ feedback/UL grant into fixed subframes may have large specification impacts as well as performance impacts.
2.3 


Backward compatibility issues

Backward compatibility issues need always to be considered unless the carrier for dynamic TDD UL-DL configuration is a new carrier type which is anyway not backward compatible. Furthermore according to the SI description, backward compatibility for Rel-8/9/10 terminals should be maintained [3]. To support legacy TDD UEs, it is important that a DL subframe in SIB1 indicated TDD UL-DL configuration cannot be changed to UL subframe, since if a DL subframe is changed to UL subframe, legacy TDD UEs cannot know this and they will always try to monitor CRS there for example for RRM measurements and possibly periodic CSI reporting . This will impact the DL scheduling and may even trigger the RLF in UE side. On the other hand, UL subframe in SIB1 indicated TDD UL-DL configuration can be changed to DL subframe as the eNB can use scheduling restrictions and configure PUCCH/SRS/SR resources to other UL subframes in order to “blank” such UL subframes for legacy TDD UEs.
Based on above discussion, flexible subframes for each TDD UL-DL configuration can be defined, as shown in Table 1.

Table 1. Flexible subframe definition for each TDD UL-DL configuration.
	TDD

Configurations
	Subframe Index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	D
	S
	U
	F
	F
	D
	S
	U
	F
	F

	1
	D
	S
	U
	F
	D
	D
	S
	U
	F
	D

	3
	D
	S
	U
	F
	F
	D
	D
	D
	D
	D

	4
	D
	S
	U
	F
	D
	D
	D
	D
	D
	D

	6
	D
	S
	U
	F
	F
	D
	S
	U
	F
	D

	Notes
	F stands for flexible subframe


Observation 4: Only UL subframes in SIB1 indicated TDD UL-DL configuration can be reconfigured.
Moreover, to avoid introducing excessive specification impact and maintain backward compatibility, new TDD UL-DL configurations cannot be introduced due to dynamic TDD UL-DL reconfigurations. As a result, TDD UL-DL configuration can only be dynamically changed among existing seven TDD UL-DL configurations. Such method has some limitations in flexibility of TDD UL-DL resource utilization and maximum achievable gain obtained from this flexibility, but would allow backward compatibility and could minimize the specification impacts. However, if the backward compatibility requirement could be relaxed in future by e.g. introducing new frequencies and new carrier type, it seems that flexibility could be increased potentially improving gains of flexible TDD UL-DL configuration. So based on observation 4 and rules not to introduce any new TDD UL-DL configurations, we can define the TDD UL-DL reconfiguration flexibility as follows:
Table 2. Flexibility definition for dynamic TDD UL-DL configuration.
	TDD UL/DL configuration indicated by SIB1 for all UEs
	Flexible configuration indicated by new signalling applied for new UEs
	TDD Configuration Set (can change the configuration in such set)

	0
	1, 2, 6
	[0, 1, 2, 6]

	1
	2
	[1, 2]

	2
	NA
	[2]

	3
	4, 5
	[3, 4, 5]

	4
	5
	[4, 5]

	5
	NA
	[5]

	6
	1, 2
	[6, 1, 2]


By flexibility definition in Table 2, when SIB1 indicated TDD UL-DL configuration is e.g. 0, then TDD UL-DL configuration for dynamic reconfiguration capable UEs can be changed to TDD UL-DL configuration 1, 2, 6. That means, when SIB1 indicated TDD UL-DL configuration is 0, dynamic TDD UL-DL configuration set for new TDD UEs is [0, 1, 2, 6], so that TDD UL-DL configuration can be changed to any configuration in this set.

Proposal 1: Flexible subframes and flexibility of dynamic TDD UL-DL configuration should be limited to UL subframes to avoid impacts to legacy UEs.
2.4 


Interference avoidance

In previous sections, how to support dynamic TDD UL-DL configuration is discussed. In this section, interference issues are discussed when dynamic TDD UL-DL configuration is assumed to be supported. One scenario to be considered for LTE TDD enhancement is that different TDD configurations applied in each cell for traffic adaptation. This results in some new interference, e.g. DL-UL interference from macro eNB to femto eNB, or, UL-DL interference from femto UE to neighbour cell UEs. As shown in RAN4 evaluation results, such interference is non-negligible in e.g. pico-macro scenarios [4]. Moreover, it should be noted that when TDD UL-DL configuration can be dynamically reconfigured, there will be dynamically variant UL-DL interference. That is to say, for possible flexible subframe locations that are shown in Table 1, there is potential inter-cell UL-DL interference and such interference is variant depending on TDD configuration in serving cell and the TDD configuration in neighbour cells, and if TDD configuration in one cell change dynamically, the the interference source is changed frequently. Such DL-UL interference especially interference due to dynamic TDD configuration is a challenge for control channel and data channels, and the impact on accuracy of CQI reporting and and UL power control also need to be considered due to the fact that interference for fixed DL/UL subframe and flexible DL/UL subframe may be very different .
Observation 5: Variant UL-DL interference, especially interference due to dynamic TDD UL-DL configuration, is a challenge for both control and data channel, and the impact on CQI reporting and UL power control also needs to be considered.

3
Conclusions
In this paper, the general issues and enhancements for dynamic TDD UL-DL configuration is discussed. Furthermore, the possible specification impact is analysed. Based on the discussion, we have the following observations and proposals:

Observation 1: System information is not suitable for dynamically reconfiguring the TDD UL-DL resources.
Observation 2: Physical layer signalling is suitable for reconfiguring TDD UL-DL resources.

Observation 3: Restricting HARQ feedback/UL grant into fixed subframes may have large specification impacts as well as performance impacts.
Observation 4: Only UL subframes in SIB1 indicated TDD UL-DL configuration can be reconfigured.
Observation 5: Variant UL-DL interference, especially interference due to dynamic TDD UL-DL configuration, is a challenge for both control and data channel, and the impact on CQI reporting and UL power control also needs to be considered.

Proposal 1: Flexible subframes and flexibility of dynamic TDD UL-DL configuration should be limited to UL subframes to avoid impacts to legacy UEs.
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