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1 Introduction

In this contribution we give an overview assessment on standardization impact of different methods for realizing traffic adaptation of TDD configuration. Different methods have different benefits and drawbacks, the performance of the different methods in a separated pico-layer is presented in [1]. We focus on the minimum standard impact, where further optimizations may imply larger modifications. 
2 Discussion
In this contribution we study 3 different methods for TDD reconfiguration, each operating at different time-scale and with using different signaling methods. 

1. System information update

2. UE specific RRC reconfiguration

3. Dynamic layer 1 signaling

2.1 System information update

The first method studied is to update the system information block 1 containing the TDD configuration currently applied in the cell. The benefit of this method is that it is fully supported in the specification already from Rel.8 hence is no standard changes needed. 
The system information update procedure is specified in [2] and consists of two steps, first we have a modification notification period and at a modification border the system information is updated and the UEs attempt to acquire the new information, Figure 1. The length of the modification period is specified in system information, but has a minimum value of 640 ms. During the change notification period the eNodeB should page all UEs in the system to notify about the upcoming information change. Each update results in a new value-tag of the SIB1. Due to range limitation of the value tag system information may not be updated to more then 31 values during 3 hours. This may not be a limitation for dynamic TDD, where on configuration can be assigned one value tag and the system can switch between them.  
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Figure 1
 Change of system Information (Figure 5.2.1.3-1 in [2])
2.2 UE specific RRC reconfiguration
An alternative to updating system information is to reconfigure the targeted UE using UE specific RRC configuration. With this method only the active users are notified of the changed and apply the new configuration. This method has the benefit that it is faster than SI update, can be done more often and with lower overhead. 
From a RAN1 perspective the Spec impact of this method would be minimal. But the impact on RAN2 specification can become larger. New procedures for how to handle values signaled in both SI and UE specific RRC would need to be defined. Optimization for transaction periods may also be needed. One drawback is that it is not well defined exactly when a UE applies a new RRC configuration, and it may also be difficult to know for sure that a RRC configuration has been successfully received, due to NACK to ACK errors, before the Reconfiguration complete is received, Figure 2. This may result in a reconfiguration period where the UE and eNodeB have a different understanding of the applied TDD configuration. 

Another drawback is that it is not supported by legacy UEs, this implies that different configurations may be applied for legacy and new terminals, at least during initial access. This for example implies that different HARQ mapping will be applied and also different assumptions on feedback and scheduling delays.

To reconfigure all users in a cell multiple RRC configuration messages are needed, if reconfiguration should be done on a fast basis signaling overhead and interruption times should be taken into account. 
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Figure 2
RRC connection reconfiguration, successful (Figure 5.3.5.1-1 in [2])
2.3 Dynamic signaling

An alternative to semi-statically configure a TDD configuration it can be signaled dynamically on a per subframe basis. This can be realized in a number of different ways, for example by, like for half duplex, assume that a subframe is downlink unless the UE has been signaled to transmit in uplink. One may also assume some subframes to be static uplink or downlink while only a subset are considered flexible, Figure 3. This has the benefit that static subframes may be used for HARQ feedback. The benefit of the dynamic signaling method is that adaptation can be done on a sub-frame basis and no or limited extra signaling is needed. Some RRC signaling is likely to bee needed to activate the feature. 
Similar as the RRC reconfiguration case optimizations may be needed to HARQ mapping functions in order to simplify coexistence with legacy users. 
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Figure 3
Downlink, uplink and flexible frames
2.3.1 HARQ Timing for dynamic signaling

One problem identified [3] with dynamic adaptation is HARQ timing. This since the broadcasted legacy TDD configuration may not have a mapping for the specific subframe. A solution for this was presented in [contribution from last meeting]. We will now briefly look at the impact of that solution.
HARQ timing for TDD is specified in Table 9.1.2-1 for PUSCH transmissions and in Table 10.1.3.1-1 for PDSCH transmissions in [4]. These tables map from a configured UL-DL configuration to a HARQ mapping. One way to realize a mapping of HARQ feedback where feedback is mapped to fixed uplink and downlink subframes would be to introduce a new UL-DL configuration, UL-DL configuration 2, configured by higher layers. This UL-DL configuration 2 is then used for mapping in Table 10.1.3.1-1, while the first UL-DL configuration still is used in Table 9.1.2-1.
3 Conclusion

In this contribution we have presented standard impact of 3 different ways of realizing dynamic traffic adaptation. We conclude that using system information update have minimal standard impact but comes with large delay and overhead. UE specific RRC reconfiguration and Dynamic Signaling have a similar impact on specification, with higher impact on RAN1 specs for the later and more impact on RAN2 spec for the first. We also present a mapping function for HARQ timing for both uplink and downlink based on the tables from LTE Rel8 ensuring HARQ feedback in subframes that is statically used for uplink / downlink.
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