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1 Introduction

Low Cost UEs such as sensors or meters or monitoring/surveillance devices typically have more UL traffic than DL traffic. This implies that for a TDD system, it is more appropriate for the network to configure a TDD configuration that has a low DL-to-UL ratio when MTC traffic dominates. On the other hand, system information broadcast requires a large number of DL subframe repetitions, which implies that a TDD configuration with a high DL-to-UL ratio is the more optimal configuration. 
This contribution considers the inefficiencies of always indicating a TDD configuration for Low Cost UEs by SIB-1 and possible TDD configuration adaptation schemes.
2 TDD configuration adaptation for Low Cost UEs
Typical use case for Rel-13 MTC is to enable Low Cost UEs that generate more UL traffic than DL traffic, implying that ideal TDD configuration is one with a low DL-to-UL ratio such as TDD UL/DL configuration 0. However, the number of repetitions for supporting coverage enhancements can be very high particularly for SIB. For example, for supporting SNR = -14.3dB, 150 repetitions are required for SIB size of 328 bits in order to meet 1% BLER target assuming 1 RX antenna for a 10MHz system bandwidth and EPA (1 Hz) channel; and ~500 repetitions are needed to transmit SIB size of 1000 bits under the same condition. Ideally, a TDD configuration with high DL-to-UL ratio (e.g. TDD config 5) should be used when broadcasting SI because otherwise the latency to detect all SIBs can be in the order of seconds and adversely affect UE power consumption and DL/UL system throughput as UL resources can remain underutilized due to a large percentage of DL resources being allocated to transmission of SIBs over long time periods. Clearly, indicating of a TDD configuration by SIB-1 is not always efficient for Low Cost UEs as, even though UL traffic can dominate on average, there can be time periods where significantly larger DL traffic needs to be supported. It is therefore beneficial for system efficiency for the network to reconfigure a TDD UL/DL configuration depending on whether the network is mainly receiving UL data from Low Cost UEs or is transmitting to low cost UEs SIBs (MTC SI) and other DL signaling as shown in Figure 1.

Observation 1: Indication of a TDD UL/DL configuration by SIB-1 is not always efficient for Low Cost UEs due to different TDD DL-to-UL ratio requirements for efficient UL unicast and SI transmission. It is beneficial from system efficiency viewpoint for the network to reconfigure the TDD UL/DL configuration depending on whether the network is mainly receiving UL unicasts from Low Cost UEs or is transmitting MTC SI to low cost UEs.
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Figure 1: Reconfiguration of a TDD UL/DL configuration for Low Cost UEs
TDD UL/DL configuration of a cell is currently broadcasted in SIB1 and reconfiguration of TDD UL/DL configuration constitutes system information change. Before MTC SI is transmitted, the eNodeB notifies UEs of pending system information change in the next modification period via paging in the current modification period, by including systemInfoModification in the paging message. The UE will then acquire SI in the next modification period. While the legacy procedure can still be used, for example to reconfigure from a TDD UL/DL configuration with high DL-to-UL ratio to another TDD UL/DL configuration with low DL-to-UL ratio, it would not be efficient to use the legacy procedure to perform this reconfiguration since MTC SI would be transmitted with configuration with low DL-to-UL ratio. In addition, systemInfoModification does not indicate which system information has changed and the UE is required to reacquire all system information even though most system information has not been changed by the network. Similar inefficiencies occur when only the CFI needs to change.
Another legacy way to adapt a TDD UL/DL configuration is to configure eIMTA for Low Cost UEs. However, TDD UL/DL configuration adaptation based on eIMTA is more suitable for dynamic adaptation since reconfiguration can occur at most as often as every 80ms, it would be difficult to support in conjunction with coverage enhancements and, unlike SI, reception by all UEs cannot be ensured. Hence, eIMTA-type signaling is not suitable for indicating to Low Cost UEs a reconfiguration of a TDD UL/DL configuration. 
Observation 2: Legacy procedures to reconfigure a TDD UL/DL configuration either through system information change via paging or eIMTA are not suitable for Low Cost UEs.
Based on the above observations, efficient mechanisms to adapt a TDD UL/DL configuration for Low Cost UEs should be considered. For example, when only the TDD UL/DL configuration (and potentially other information such as CFI) is changed since the last modification period, the updated TDD UL/DL configuration (and CFI) is included in the paging message. This allows the LC UEs that already have up-to-date SI to avoid reacquiring MTC SIB1 and the rest of the MTC SI messages just to get an update CFI or an updates UL/DL configuration.
Proposal: When only the TDD UL/DL configuration (and potentially other information such as CFI) is changed since the last modification period, the updated TDD configuration (and CFI) is included in the paging message and a UE does not receive SI.
3 Conclusions

This contribution considered potential uses for the spare bits in the MIB for Rel-13 low cost UEs. In particular, the following are proposed.

Observation 1: Indication of a TDD UL/DL configuration by SIB-1 is not always efficient for Low Cost UEs due to different TDD DL-to-UL ratio requirements for efficient UL unicast and SI transmission. It is beneficial from system efficiency viewpoint for the network to reconfigure the TDD UL/DL configuration depending on whether the network is mainly receiving UL unicasts from Low Cost UEs or is transmitting MTC SI to low cost UEs.
Observation 2: Legacy procedures to reconfigure a TDD UL/DL configuration, either through system information change via paging or eIMTA, are not suitable for Low Cost UEs.
Proposal: When only the TDD configuration (and potentially other information such as CFI) is changed since the last modification period, the updated TDD UL/DL configuration (and CFI) is included in the paging message and a UE does not receive SI.
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