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1 Introduction

In RAN#58, a new WI on “Further Enhancements to LTE TDD for UL-DL Interference Management and Traffic Adaptation” was agreed [1]. The main objective is to enable TDD UL-DL reconfiguration for traffic adaptation in small cells. Unlike a Rel-8 eNB with semi-static UL-DL configuration, the duplex direction of flexible subframes in a cell supporting eIMTA can be changed quickly. 

Due to the rapid change of the duplex direction, a UE may detect an UL grant which schedules PUSCH in a flexible subframe when the subframe is currently used for DL transmission by the eNB. We discuss this issue in detail in this contribution. 

2 Discussion 
In [2], we provide some discussions on the possible methods for the adaptation of the UL-DL configuration. In brief, the UL-DL reconfiguration could be indicated by SIB signaling, RRC signaling, MAC signaling or by L1 indicator. The possible false alarmed PUSCH transmission for the above schemes is hence discussed below. 

Due to flexible nature of subframe direction in eIMTA, a UE may not have aligned understanding as the eNB on whether a flexible subframe is used for UL or DL transmission. As shown in Figure 1, the eNB may schedule the DL transmission for UE-1 and UE-2 in a flexible subframe, however, a UE-3 may detect an UL grant due to a false alarm in a previous DL subframe, consider it as valid and transmit PUSCH in the same flexible subframe. Obviously the PUSCH transmission from UE-3 only causes interference to the desired DL transmissions and can result to missed PDSCHs, if any is scheduled If the interferring UE happens to be closer to some other UEs having desired DL transmission, severe interference to those UEs can occur, e.g. UE-1 in Figure 1.
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Figure 1: UE to UE interference
If SIB signaling, RRC signaling or MAC signaling is used to trigger the UL-DL reconfiguration, it’s likely during a ambiguity period in the UL-DL reconfiguration procedure that the eNB and the UE don’t have the same understanding of the effective UL-DL configuration. That is, in the ambiguity period, even though the flexible subframe has been assigned for DL transmission by eNB, the UE may still expect that an UL transmission  can be scheduled. Then, in case UE happens to detect an UL grant scheduling the flexible subframe by false alarm, or erroneously detected PHICH information from ACK to NACK for an ongoing synchronized HARQ process, the UE will attempt to do PUSCH (re)transmission in the flexible subframe. 

As to the L1 based method, either based on the detection of UL grant/PHICH implicitly or explicitly based on a L1 common signaling, it allows a much quicker change of the UL-DL configuration, e.g. in a time-scale of 10 ms. However, L1 signaling is not as reliable as high layer signaling. If the L1 indicator is wrongly detected, a UE may assume PUSCH scheduling is valid in a flexible subframe that is currently used by the eNB as a DL one, hence results in interference to the desired DL transmissions in the flexible subframe. To reduce the rate of incorrect PUSCH transmissions, the reliability of the L1 indicator must be enhanced. 

From the evaluation on the time scale for UL-DL reconfiguration in past RAN1 meetings, it was concluded that larger performance gain could be achieved by faster TDD UL-DL reconfiguration. Hence, we focus the discussion in this document on L1 based methods. 
2.1 UL grant/PHICH based indication
One method discussed in previous RAN1 meetings is the UL grant/PHICH based method for UL-DL reconfiguration. This method assumes the PUSCH scheduling/HARQ timing is known beforehand e.g. follows the timing of a UL-reference configuration. After detection of an UL grant/PHICH, a UE will transmit a PUSCH on the flexible subframe satisfying the PUSCH scheduling/HARQ timing. If no UL transmission is detected for a flexible subframe, a UE tries to decode PDCCH/EPDCCH for the PDSCH transmission. In this method, the false alarm of an UL grant /PHICH directly affects the false alarm rate of PUSCH transmissions. 
According to the Rel-8 design, synchronized HARQ is used for PUSCH transmissions. A new PUSCH transmission could be triggered by a UL grant, and a PUSCH retransmission could be triggered by either a new UL grant or by PHICH. Thanks to the 16-bit CRC, the false alarm rate for an UL grant is at a level of 1e-5. However, as defined in RAN4 specifications, the requirements on the error rate for ACK-to-NACK for PHICH transmission is only 1e-3. Considering a small cell with 5 active UEs, 50% of subframes being flexible, the number of false alarmed PUSCH transmissions in one hour can be estimated as 
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for PUSCH triggered by false alarmed UL grant, and 
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for PUSCH triggered by erroneous ACK to NACK of PHICH transmission. 
From the calculation, if solely relying on Rel-8 defined UL grant/PHICH for the PUSCH scheduling in flexible subframes, a large number of wrong PUSCH transmissions happens even with a false alarm rate of 1e-5, which degrades the cell throughput. Hence a method to reduce the false alarmed PUSCH is needed. In the following part, we consider that an extra indicator/channel is used to validate the PUSCH transmission in addition to the detection of UL grant/PHICH. That is, a UE needs to detect an UL grant/PHICH and this extra indicator/channel simultaneously, and a PUSCH (re)transmission is only done when both conditions are satisfied, i.e. a successfully decoded UL grant/PHICH NACK and the extra indicator/channel in enabling state. 
The extra indicator could be cell specific and indicate the real allocation of UL subframes in a radio frame every 10ms. Hence, after UE’s detection of an UL grant / PHICH NACK, if the target subframe is not an UL subframe according to this extra indicator, a UE would know the detected UL grant / PHICH NACK is invalid and skip the PUSCH (re)transmission. If the UL subframe allocation in a radio frame indicated by the extra indicator must be aligned with one of seven existed TDD UL-DL configuration, 3 bits are enough. 
A DCI format transmitted in the common search space could be used for the cell specific indicator to avoid introduction of a new channel structure. Only in case CRC checking for the DCI format passes, the UE transmits PUSCH. This reduces false alarmed PUSCH transmission by an additional factor of 1e-5. Hence, for a PUSCH (re)transmission triggered by UL grant, the combined false alarmed rate becomes 
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, and for those triggered by PHICH, the combined false alarmed rate becomes 
[image: image5.wmf]8

5

3

10

10

10

-

-

-

=

´

. Using the same assumption as above, the number of false alarmed PUSCH transmission in one hour becomes 9e-4 and 0.09 for PUSCH triggered by an UL grant and PHICH respectively, which is negligible. However, if CRC checking fails at the UE with this method, the UE has no information on the exact UL subframe allocation, and a safe way could be skipping all PUSCH transmission in this frame. This causes some loss but it only happens at a rate of 1% to 0.1%, hence is not serious. 
Alternatively, the extra indicator could be UE specific and only valid in the one-shot PUSCH transmission. That is, in a scheduling timing, besides the detection of UL grant, the UE has to monitor the extra indicator for validation. Only in case the extra indicator is in enabling state, a UE transmits PUSCH following the UL grant. Simply ON/OFF information for the extra indicator could be considered. 
For example, the extra indicator could be signaled by reusing a PHICH channel. The PHICH channel used could be allocated in a way similar to PHICH allocation in Rel-8. Since there is no CRC for the PHICH enabler, we consider a PUSCH (re)transmission can only be triggered by a detected UL grant plus a valid PHICH enabler. In this way, assuming an OFF->ON rate of 0.1% for the PHICH enabler, the false alarm rate for PUSCH (re)transmission is 
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. Again, using the same assumption as above, the number of false alarmed PUSCH transmission in one hour becomes 0.09, which is in a reasonable low level too. 
2.2 L1 common signalling based indication
As mentioned in [2], a L1 common signaling could be used to indicate the current UL-DL configuration in a radio frame, and then PUSCH scheduling/HARQ timing is derived accordingly. Following the L1 common signaling, UE will only detects UL grant/PHICH in certain DL subframes. If the effective UL-DL configuration indicated by this L1 common signaling could be known for a sure, the wrong PUSCH transmission in flexible subframe used as DL by eNB could be eliminated. 

As discussed in [2], L1 common signaling could be transmitted by one DCI format in common search space. Due to the 16-bit CRC attached, the false alarm rate for this L1 common signaling to about 1e-5. I.e. in case CRC checking passes, the ratio that UE gets a wrong value for this L1 common signaling is in a level of 1e-5. We discuss the false alarm property below. 
If a wrong value of the L1 common signaling is derived by UE, but the UL grant timing following this wrong detected UL-DL configuration is different from the UL grant timing of the real UL-DL configuration used by eNB, i.e. eNB doesn’t send any UL grant in a DL subframe but UE tries to decode it, an addition factor of 1e-5 existed for the false alarm rate thanks to the CRC checking in UL grant detection. Hence a combined PUSCH false alarm rate is 
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On the other hand, if a wrong value of the L1 common signaling is derived by UE, and the UL grant timing for this wrong detected UL-DL configuration happens to be the same as the real UL-DL configuration used by eNB, UE may successfully decode the UL grant in 99% of time if eNB actually sends a UL grant to the UE. However, UE would transmit the PUSCH in a wrong subframe since a wrong UL-DL configuration is assumed. The error rate for this case equals to the false alarm rate of L1 common signaling, i.e. 1e-5, which may not be low enough to control the UE to UE interference. Therefore, some further improvement on this L1 common signaling is needed. 

Actually, to avoid the increase on blind detection, L1 common signaling should be transmitted by reusing an existed DCI format. assuming only the seven existed TDD UL-DL configurations are allowed for this L1 common signaling, 3 bits are enough, all the other bits in the DCI format could be set to certain predefined values and serves as virtual CRC. By the way, false alarm rate of L1 common signaling can be much lower than 1e-5, so that there is no practical issues on UE to UE interference and missing PDSCH transmission. 
However, if CRC checking fails for the L1 common signaling, UE has no information on the exact UL subframe allocation and PUSCH scheduling/HARQ timing, consequently UE has to skip all PUSCH transmission in this frame. This cause some loss, but it only happens in a rate of 1% to 0.1%, hence is not serious.
3 Conclusions
In this contribution, we discuss the false alarmed PUSCH transmission in flexible subframe which is currently used for DL transmission by eNB when doing UL-DL reconfiguration. Without special handling, it may incur large UE to UE interfence and also cause loss on PDSCH transmission. Therefore, several options are discussed for the L1 based reconfiguration methods.  
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