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1. Introduction

In the RAN1 #73, the following conclusions were made for TDD UL-DL reconfiguration signalling for eIMTA [1].
	Conclusion: Take Alt 2 as working assumption.

· Alt1:    Implicit signalling 

· FFS the necessary HARQ timing signalling 

Support: Ericsson, ST-Ericsson, LGE, ZTE, IDC, Panasonic, TI, Sharp

· Alt2:    Explicit L1 signalling of reconfiguration by UE-group-common (e)PDCCH

· FFS which search space is used for this signalling 

· FFS the fallback solution to improve reliability and robustness of the explicit solution

· FFS the necessary UL scheduling timing and HARQ timing signalling 

· Strive to avoid additional blind decodes 

Support:  CATT, NEC, Potevio, Samsung, Huawei, Hi-Silicon, RIM, ITRI, Renesas, Qualcomm, Intel, Nokia, NSN, ALU, ALU Shanghai Bell, New Postcom, CATR, TI, Sharp, LGE, Panasonic, 

· Alt3
Explicit  L1 signaling by UE-specific PDCCCH

Support: Qualcomm, Potevio, New Postcom 

· Alt4:    Explicit MAC signalling

Support:  MediaTek,   ALU, ALU Shanghai Bell


In this contribution, we discuss the fallback solution to improve reliability and robustness of the explicit solution. Search space and UL scheduling/HARQ timing are discussed in [2] and [3], respectively.
2. Discussion
2.1. Fallback operation
In the last meeting, it was agreed that explicit L1 signalling can be used for UL-DL reconfiguration. This means that TDD UL-DL configuration can be changed in a dynamic manner. Thus, a UE should assume that UL-DL configuration can be changed in each radio frame. Therefore, the following cases should be considered as the fallback operation:

Case 1: A UE mis-detects L1 signalling for reconfiguration for a given radio frame
we assume that a UE has a valid configuration for radio frame #i-1 and does not have a correct/valid configuration for radio frame #i due to misdetection of L1 signalling. In this case, we can consider the following two alternatives as the UE behaviours.

A) The UE assumes the same UL-DL configuration as that in the previous subframes

B) The UE performs fallback proposed in the next section

Figure 1 shows an example of case A). In this example, we assume explicit L1 signalling can reconfigure UL-DL configurations with 10 msec periodicity and the actual subframe configurations are set in configuration #2 and configuration # 0 in radio frame i-1 and i, respectively. In radio frame #i-1, since the UE has correct/valid configuration in this radio frame, there is no problem for this radio frame. However, in radio frame i, although the actual configuration is set to configuration #0, the UE assume the configuration #2 in this subframe. Accordingly, unexpected UE-UE interference and UE behaviours are made in subframe [#3, #4, #8, #9].
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Figure 1. Example of case 1

Therefore, if a UE mis-detects explicit L1 signalling for reconfiguration, the UE should not apply the UL-DL configuration for the previous subframes. Thus we believe that the case B) is a reasonable solution in mis-detecting reconfiguration signalling. 
Proposal 1:

· A UE should apply a TDD UL-DL configuration provided by UE-group-common (e)PDCCH  to the target radio frame only to support 10 msec reconfiguration period.

Case 2: A UE has not received explicit L1 signalling

Regarding the case 2, Figure 2 shows an example of the fallback operation time for a UE until the reception of L1 reconfiguration signalling. When a UE completes initial access to an eIMTA cell or wakes up in DRX onDuration, the UE can not apply the UL-DL reconfiguration for traffic adaptation until the first reception of an explicit L1 signalling for UL-DL reconfiguration. Thus, the fallback operation should be defined during that time since the UE don’t have a valid UL-DL configuration.
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Figure 2. Example of fallback operation

During the fallback operation, the solution is dependent on the UL scheduling timing and HARQ timing. In the last meeting, a quite a few companies have proposed the multiple reference configurations for UL-DL scheduling timing and HARQ timing [4]-[9]. Therefore, we explain our views on the fall back operation assuming that the UE applies multiple reference configurations (DL reference configuration and UL reference configuration).
In [4]-[9], a UL reference configuration is configured as SIB1 signalling and a DL reference configuration is configured by higher-layer signalling, e.g. RRC, SIB and so on, considering the backward compatibility. This means that only SIB1 UL subframes can change to DL subframes. In this case, for example, when all the TDD UL-DL configurations specified in Rel-8 can be used for the reconfiguration, we can define three types of subframes. Figure 3 shows the example of subframe types in case of reconfigurations. 
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Figure 3. Example of subframe types

In this figure, we define fixed DL subframe, fixed UL subframe, and flexible subframe. Note that the fixed DL and UL subframes can be configured depending on the combination of reference configurations. Each subframe type can be defined as follows:

· Fixed DL subframes
These subframes are always used as DL or special subframes regardless of UL-DL reconfigurations. In this example, at least subframes [#0, #1, #5] are always used as the DL or special subframes. Regarding the subframe #6, we should consider whether the UE regards it as a DL or a special subframe. In this case, the UE should assume the subframe #6 based on SIB1 in case of PCell and RadioResourceConfigCommonSCell IE in case of SCell, which is applied to all UEs within a cell.
· Fixed UL subframes

These subframes are always used as UL subframes regardless of UL-DL reconfigurations. In this example, subframe #2 is always used as the UL subframe.

· Flexible subframes
These subframes can be changed to different directions (subframe [#3, #4, #7, #8, #9] in this case). Specifically, UL subframes provided SIB1 can be changed to DL subframes by explicit L1 signalling for reconfiguration. The UE would better not use these subframes during the fallback operation time.
A UE can implicitly know these subframe types if DL and UL reference configurations are configured to the UE. Based on the above considerations, we propose

Proposal 2:

· A UE should use only fixed DL and fixed UL subframes during the fallback operation time.

· RRM/RLM/CSI measurement should be performed in the fixed DL subframes

· A UE should assume that subframe #6 is a special subframe or a DL subframe based on SIB1 in case of PCell and RadioResourceConfigCommonSCell IE in case of SCell.

2.2. Reliability improvement and robustness of explicit L1 signalling for TDD UL-DL reconfiguration
For the reliability improvement and robustness of explicit L1 signalling, the following schemes can be considered from the contributions in the last meeting.
1. Feedback like HARQ-ACK of explicit L1 signalling [10]

In this scheme, eNB (transmission point) can confirm that each UE can apply a new UL-DL configuration. However, the UE-specific PUCCH resource is allocated to each UE for UE-group-common signalling.
2. Explicit L1 signalling repetition in a single radio frame [11]
In this scheme, the reconfiguration signalling is repeated using multiple DCIs and/or DL subframes (multiple PDCCH signals). We think this scheme can be a reasonable solution from the reliability point of view. Moreover, since all the UEs in a cell should receive the reconfiguration signalling, the explicit L1 signalling is transmitted only in the fixed DL subframes.
Proposal 3:
· Repetition of explicit L1 signalling for reconfiguration should be applied for reliability improvement
· Signalling for reconfiguration should be transmitted in the fixed DL subframes
3. Conclusion
In this contribution, we propose
Proposal 1:

· A UE should apply a TDD UL-DL configuration provided by UE-group-common (e)PDCCH  to the target radio frame only or valid time of the predetermined number of radio frames only.

Proposal 2:

· A UE should use only fixed DL and fixed UL subframes during the fallback operation time.

· A UE should assume that subframe #6 is a special subframe or a DL subframe based on SIB1 in case of PCell and RadioResourceConfigCommonSCell IE in case of SCell.
Proposal 3:
· Repetition of explicit L1 signalling for reconfiguration should be applied for reliability improvement
· Signalling for reconfiguration should be transmitted in the fixed DL subframes

4. References
[1] Chairman’s note RAN1 #73, May 2013
[2] R1-133229, Sharp, “UE-group-common EPDCCH for TDD DL-UL reconfiguration signaling”, RAN1#74, August, 2013.
[3] R1-133230, Sharp, “Comparison of HARQ-ACK timing methods for eIMTA cell”, RAN1#74, August, 2013.
[4] R1-132024, Ericsson, ST-Ericsson, “On efficient signalling of Dynamic TDD”, RAN1#73, May, 2013.
[5] R1-132025, Ericsson, ST-Ericsson, “On the need for aiding explicit signalling”, RAN1#73, May, 2013.
[6] R1-132298, Nokia Siemens Networks, Nokia, “Reference configuration method for dynamic UL-DL reconfiguration”, RAN1#73, May, 2013.
[7] R1-132354, Sharp, “HARQ-ACK timing and configuration of eIMTA cell”, RAN1#73, May, 2013.
[8] R1-132488, Qualcomm, “Signalling mechanisms for TDD UL-DL reconfiguration”, RAN1#73, May, 2013.
[9] R1-132274, MediaTek, “Discussion on differences in behaviors between fixed and flexible subframes”, RAN1#73, May, 2013.
[10] R1-132297, Nokia Siemens Networks, Nokia, “On signalling mechanisms to support dynamic TDD UL-DL reconfiguration”, RAN1#73, May, 2013.
[11] R1-131846, Huawei, HiSilicon, “Dynamic signaling mechanisms for TDD eIMTA”, RAN1#73, May, 2013.
1

