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1 Introduction
In Rel-12, the mechanism for dynamic TDD UL/DL reconfiguration is to be specified. In this contribution, we discuss some remaining details of signaling mechanism for dynamic TDD UL/DL reconfiguration. 
2  Discussion 
The signaling mechanism for supporting dynamic TDD UL/DL reconfiguration was extensively discussed during the RAN1 #73 meeting and the following working assumption was agreed [1]: 
· 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

Comparing to other potential signaling mechanisms based on implicit signaling, MAC signaling and UE-specific PDCCH, the common DCI method could provide several additional benefits including small control overhead and a fast and reliable UL/DL reconfiguration in the order of 10ms [2]. In this contribution we further discuss the details of the fallback solution and how to determine the search space. These potential problems could be addressed by the design of common DCI for UL-DL configuration indication, achieving a target of timely UL-DL indication as well a low impact on UE battery life and a relatively smaller control overhead. Therefore, we have the following proposal: 

Propose 1: 

· Confirm the working assumption that Explicit L1 signaling is used to achieve reconfiguration by UE-group-common (e)PDCCH.
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Figure.1: Example of new DCI format for UL-DL configuration indications

Figure 1 shows the detailed DCI format design that can be used for UL/DL reconfiguration indication called DCI format X in the following sections. Similar as the existing DCI format 3/3A defined for power control commands, the following information is transmitted by means of DCI format X, targeting simultaneously provide several UL/DL reconfiguration information of multiple serving cells to a group of UEs with 3-bit UL/DL configuration information per serving cell.

- TDD UL/DL configuration number 1, TDD UL/DL configuration number 2,…, TDD UL/DL configuration number N

Using 3-bits field in this DCI is enough to indicate one of seven UL-DL configurations. To avoid an increase in the number of blind decoding attempts, padding bit(s) may be appended to DCI format X to align with one existing DCI format (e.g. DCI format 1C or 1A/3/3A in the common search space). The DCI format X, which has the same size with at least one existing DCI format within one particular search space, are separated from each other through the use of a different UE-group RNTI. The DCI format X can be transmitted in one single DL subframe only (e.g. subframe 0) or a subset of fixed DL subframes in a radio frame to further reduce UE receiver power consumption.
In the following sections, we focus on the first two FFS issues related to UE-group-common (e)PDCCH explicit DCI format design, and UL scheduling timing and HARQ timing signaling was discussed in our companion document [3]
2.1 Search Space 
The first FFS aspect that need to be specified is which search space should be used for DCI format X transmission. So far two separate UE-specific search space (USS) and common search space (CSS) are defined in LTE system, where a USS is configured for each UE individually, while a CSS is common and all terminals in the serving cell monitor the CCEs in the CSS for DCI decoding. The main function of the UE-group-common PDCCH, as the name implies, is to convey DCI format X intended for a group of terminals, and the TDD UL/DL reconfiguration information must be receivable by all UL/DL reconfiguration capable of terminals in the cell, it is relatively straightforward to use CSS to fulfil the requirement aforementioned. Note that using CSS also help us to avoid undesirable standardization/test/implementation efforts, reduce control overhead and maintain same number of blind decoding attempts.  
Supporting the CoMP scenario 4 and Carrier Aggregation (CA) scenario 
During RAN1 #73 meeting, concerns were raised of using UE-group-common PDCCH method to support independent UL/DL reconfiguration for each Transmission Point (TP) in CoMP scenario 4 (Macro, Pico, RRH and LPN) that share the same Cell-Id and thus only one CSS is available.

It should be noted that there was no performance evaluation during eIMTA study item phase to justify the potential benefits of supporting UL/DL reconfiguration for CoMP scenario 4 [4]. Instead, for eIMTA WI the co-channel scenario was deprioritized due to DL-UL interference challenges between Macro and Pico cells and the focus was agreed to be made on Pico-Pico co-channel and Macro-Pico adjacent channel scenarios. Therefore, support of CoMP scenario 4 should be deprioritized in general, unless a relatively minor specificiation effort is required. 
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Figure 2: Common DCI formats in CoMP scenario 4 and CA scenario

In the following, a simple yet efficient way was provided to support UL/DL reconfiguration in CoMP scenario 4 based on the DCI format illustrated in Figure 1. Although one CSS is present on PDCCH in the CoMP scenario 4, one parameter could be provided by higher layer (e.g. RRC) signaling to determine the index to the TDD UL/DL configuration within one DCI format X for the intended Transmission Point (TP) that UE is being associated with, thus the proposed DCI format in Figure 1 can be flexibly used to implement the TP-Specific independent UL/DL reconfiguration in CoMP scenario 4, as illustrated in Figure 2. Also, this mechanism could be directly extended to enable Cell-specific independent UL/DL reconfiguration in Carrier Aggreation (CA) scenario by assigning a distinct index for each component carrier (CC) when adding the SCell. One example is given in Figure 2. The figure clearly indicates how separate TDD UL/DL Configuration Indication (TCI) field within one DCI format X is used for UL/DL reconfiguratioin indication for different TPs or different CCs respectively. The DCI format X should be transmitted on CSS of primary cell. 
In views of these aspects, we propose: 

Proposal 2: 
· Common Search Space (CSS) on (e)PDCCH is used for UE-group-common (e)PDCCH transmission. 
· The new DCI format used for UL/DL reconfiguration has the same size with one of the existing DCI formats of CSS, either DCI format 1A or 1C, and differentiate between them by using different RNTI values. The exact value is FFS.
· One or multiple TDD UL/DL reconfigurations are transmitted by means of new DCI format.

· One paramter could be configured by higher layer signalling to determine the TDD UL/DL reconfiguration associated with one component carrier or transmission point for a given UE.
2.2 Fall-back solution
Before going into the details of the fallback mechanism for the case of missing DCI or decoding attempt failure, it is necessary to specify the functionality of common DCI because it directly influence the fallback solution design. 
In the following, we focus on two typical assumptions for potential fallback solution discussion: 

· Assumption 1: UL scheduling timing and HARQ timing was concluded to be implicitly deduced based on the detected DCI format. Then missing the DCI may result in incorrect HARQ-ACK timing, and subsequent uplink or downlink interference due to using a false UL scheduling time. Under the assumptions stated above, it would be very challenging to develop a fallback solution to mitigate these potential consequences. 

· Assumption 2: DCI format X is used to indicate the transmission direction of flexible subframe thereby facilitating the CSI estimation at UE side, and the UL scheduling timing and HARQ timing follow reference configurations. With this assumption, the consequence of DCI misdetection just lead to less accurate CSI measurements and missed scheduling opportunity. 
With assumption 2, two possible fallback operations are outlined below for discussion: 

· Solution 1: SIB1 TDD UL-DL configuration is used as a fallback configuration if no valid DCI format is detected. UE follows TDD UL/DL configuration included in SIB1 to decide the transmission direction of each subframe in a radio frame, and perform PDCCH monitoring and PDSCH reception on fixed DL subframes only. For example, as shown in Figure 3, UE only monitor the (e)PDCCH on fixed DL subframe #0, #1, #5, #6 for DCI detection due to TDD configuration #0 transmitted in SIB1, and no monitoring on subframe #4 and #9. 

This solution could help UE to minimize the power consumption due to no blinding decoding attempt performed on flexible subframes. At the same time this comes at a cost in terms of missing scheduling assignment on flexible subframes. 

· Solution 2: UE is required monitor (e)PDCCH in every flexible subframe or DL subframes according to DL reference configuration by default unless UE is explicitly instructed to transmit in UL (i.e. PUSCH transmission triggered either by UL grant or associated PHICH according to UL reference configuration). 

Clearly, this solution offers benefit from peak data rate perspective, but simultaneously leads to increased power consumption. As outlined in Figure 3, this solution require UE to carry out a maximum of 60 PDCCH/ EPDCCH blind decoding attempts on subframe #2,#3,#4, #7,#8,#9 in addition compared to solution 1. For small system bandwidths, the computational load would be reasonable, but for large system bandwidth with a distributed EPDCCH configuration, it would become a significant burden, leading to increased UE power consumption, especially if aggregation of several CCs is applied. 

In general, the advantages and disadvantages of solution 1 is revised for solution 2. Therefore, a tradeoff between UE power consumption and peak data rate can be further considered for the final decision. 
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Figure 3: Example of flexibleframe structure for eIMTA
Thus, we have following observation and proposals: 

Observation 1: 

· The fallback solution is dependent on the functionality of UE-group-Common (e)PDCCH, including whether UL scheduling timing and HARQ timing is determined by the DCI.

Proposal 3: 

· UL scheduling timing and HARQ timing design should take the potential complexity of fallback solution it caused into account.

· The fallback solution should be specified after concluding on the UL scheduling timing and HARQ timing.
3 Conclusions

In this document, we discussed the potential issues regarding explicit L1 signalling of reconfiguration by UE-group-common (e)PDCCH. Based on the prior discussioins, it is clear that UE-group-common DCI  on CSS of PDCCH is sufficient to provide a UL/DL configurations in the order of 10ms for the targeted scenarios including single carrier scenario, CA scenario and even CoMP scenario 4. In addition, we analyzed the factors that need to be considered for concluding fallback solution design. 
Accordig to these discussions, we have following observations and proposals: 
Propose 1: 
· Confirm the working assumption that Explicit L1 signaling is used to achieve reconfiguration by UE-group-common (e)PDCCH.
Proposal 2: 

· Common Search Space (CSS) on (e)PDCCH is used for UE-group-common (e)PDCCH transmission. 
· The new DCI format used for UL/DL reconfiguration has the same size with one of the existing DCI formats of CSS, either DCI format 1A or 1C, and differentiate between them by using different RNTI values. The exact value is FFS.

· One or multiple TDD UL/DL reconfigurations are transmitted by means of new DCI format.

· One paramter could be configured by higher layer signalling to determine the TDD UL/DL reconfiguration associated with one component carrier or transmission point for a given UE.

Observation 1: 

· The fallback solution is dependent on the functionality of UE-group-Common (e)PDCCH, including whether UL scheduling timing and HARQ timing is determined by the DCI.

Proposal 3: 

· UL scheduling timing and HARQ timing design should take the potential complexity of fallback solution it caused into account.

· The fallback solution should be specified after concluding on the UL scheduling timing and HARQ timing.
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