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1
Introduction
An objective of Rel-14 LAA work item is to specify UL support for LAA SCell operation in unlicensed spectrum [1]. This contribution deals with enhancements needed to support UL operation on top of Frame structure 3 and Common PDCCH signalling indicating the frame stucture. 
2
Frame structure signalling
Rel-13 LAA supports common signaling to indicate the type (normal or DwPTS-like) of the current and the next subframe. DCI format 1C is used for common signaling and the indication defined for Rel-13 applies 4-bit payload. Hence, there are 11 bits available for future use (such as indication of UL subframes) when operating with 20 MHz carrier bandwidth and 9 bits in the 10 MHz case, respectively. In this section we consider indication of UL Tx burst by using some of the available bits in the common DCI. 

As discussed in Rel-13, scheduled UEs can learn the presence of UL Tx burst from UL grants. On the other hand, non-scheduled UEs may need to consider each subframe as a valid DL subframe and might therefore unnecessarily perform DL subframe processing, including 

· Creating BB data including FFT processing

· Trying to detect CRS in each subframe, and 

· Monitoring DCIs on (E)PDCCH in each subframe (including potential PDSCH decoding).
The benefit of an UL Tx burst indicator would be to facilitate further power saving for the non-scheduled UEs. When a Rel-14 UE receives UL Tx burst indicator for certain subframes it may regard such subframes as DRX subframes (if not UL subframes with valid PUSCH grant) and 

· not create BB samples including FFT operation

· not try to detect a DL transmission e.g. based on CRS blind detection

· not monitor (E)PDCCH during the indicated UL subframes.
As said, UL Tx burst indicator can be included in the common DCI. The principle of UL burst indicator is shown in Figure 1. It indicates:
·  The starting subframe of the UL burst w.r.t. position of the indicator (i.e. subframe offset). This can be done with two bits in C-PDCCH (one bit is not enough from UE processing time point of view e.g. when considering SRS transmission on the ending partial DL subframe). The largest state in the signaling may indicate that starting point of the UL burst has not been yet decided. 
·  The duration of the UL burst. This can be done with 3-4 bits in C-PDCCH. The actual number of UL subframes may be also larger than the indicated value e.g. if the eNodeB decides during the UL burst to continue with another UL burst. 
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Figure 1. UL burst indicator included in Common DCI
Signalling needs related to UL LBT have been discussed in a companion contribution [2]. It shows that LBT type to be used by a UE needs to be signalled by the eNB. It makes sense to include this indication in the UL grant, in the case when transmissions are triggered by UL grant. On the other hand, the “no LBT” option has been discussed, which (if agreed) would allow SRS and/or UCI to be transmitted without LBT. The SRS and/or UCI may or may not be triggered by UL grant, therefore it is proposed that one bit is included in C-PDCCH to signal the “no LBT” type in these cases.

Using 5 bits for indication of UL subframes and one bit for LBT type would leave 5 bits for future use (such as PUCCH indication) when operating with 20 MHz carrier bandwidth and 3 bits in the 10 MHz case, respectively. 

Proposal #1: UL subframes are indicated in C-PDCCH in order to conserve power for non-scheduled UEs. This is done with 5-6 additional bits in C-PDCCH. 
· Subframe offset: 2 bits

· Duration of the UL burst: 3-4 bits.
Proposal #2: One bit in C-PDCCH is reserved for indicating the “no LBT” operation.
3
Elements of flexible frame structure
When considering the extension of LAA FS3 to support UL operation, a key aspect is how to facilitate the change of link direction, i.e. DL-to-UL and UL-to-DL transitions. In this respect, LTE TDD (FS2) is an obvious reference, and it is possible to lend much of the similar functionality to LAA. In particular, the principle of performing DL-UL switching during the Guard Period of a special subframe, and UL-DL switching during the time provided by Timing Advance (TA) seems directly applicable to LAA.   

The flexibility to change the frame structure should not be limited and should be up to network choice. The extreme cases supported should include all-DL (as in Rel-13 LAA) and (almost) all-UL, where all subframes except the ones carrying DRS are UL subframes. Fully flexible frame structure can be achieved as shown in Figure 2. The example illustrates a DL Tx burst, a GP and an UL Tx burst – however, as discussed, a DL burst may also be followed by another DL burst as in Rel-13 LAA, and correspondingly there may be multiple consecutive UL bursts as well, and the gap between the DL burst and the UL burst could also be longer (e.g. more than one subframe). 

·  DL Tx burst consists of one or more normal DL subframes and a shortened DL subframe (optional) similar to the DwPTS portion of the special subframe as was already specified in Rel-13 LAA.  
·  UL Tx burst consists of one or more UL subframes and an UpPTS (optional), which may be used to carry e.g. PUCCH and/or PRACH and/or SRS (either in Rel-14 or later).
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Figure 2. Flexible DL/UL cycle
Based on the Rel-13 LAA design, an LAA SCell can operate in DL-only mode or carry DL-only traffic for a certain amount of time, i.e. with DL transmission bursts only and without any UL transmission burst. Similarly, in the case of PUSCH cross-carrier scheduling from a licensed band carrier it is possible to have also temporarily UL transmission bursts without any associated DL Tx burst (note, that at least regular Rel. 13 LAA DRS transmission will be needed for time-frequency synchronization to the LAA Scell). 
Proposal #3:  DL-UL switching in LAA can be based on a structure similar to TDD special subframe consisting of: 

·  a shortened DL subframe as specified in Rel-13 LAA (Optional)
·  a Guard Period (Mandatory) 

·  a shortened UL subframe similar to UpPTS (Optional)
3.1
Timing of UL burst
In LTE TDD based on Frame structure 2, UE-specific Timing Advance (TA) value is used to synchronize UL signals at the eNB receiver based on the UEs’ location within the cell and to provide eNodeB sufficient time for UL-DL switching. The current TA adjustment solution can be applied also with FS3 to provide eNodeB with time for UL-DL switching similarly as in LTE TDD. 
Figure 3 illustrates the timing of an UL Tx burst with respect to DL subframe timing. Large enough TA value in addition to proper dimensioning of the special subframe can provide sufficient flexibility for eNB to ensure that DL-UL switching time includes also room for LBT, while minimizing the GP overhead. However, when operating in the LAA scenario, the following conditions need to be taken into consideration:

· The maximum value for TA is 133 us for a UE configured with an SCG and 668 us otherwise.

· If an offset is added to the TA value, offset needs to be added to all UL transmissions of the UE (hence, also for Pcell). This is because max TA difference between UL transmissions of UE must not exceed about 30us.

If 133us option needs to be supported (e.g. when support for DC is introduced at some point of time), it may not be always possible for eNB to adjust the UL Tx burst timing such that there is sufficient time for eNB’s LBT before the subframe boundary. In these cases, it is possible for eNB to shorten the PUSCH in the last subframe of the UL Tx burst. This will provide additional 70us time for eNB’s LBT.
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Figure 3. Uplink timing w.r.t DL Tx burst
Observation #1: Current TA adjustment procedure and proper dimensioning of the guard period can be used to provide room for both UL-DL switching and LBT. 

Observation #2: PUSCH shortened from the end can be used to provide more room for LBT prior to the start of the next DL subframe.
Proposal #4: UL-DL switching in LAA can be based on similar principle as in LTE TDD, i.e. eNB choosing an appropriate TA value to reserve enough time for UL-DL switching as well as LBT. 

4
Conclusions
In this contribution we have discussed enhancements needed for Frame structure 3 to support LAA UL operation. Based on the discussion we make the following proposals and observations:
Proposal #1: UL subframes are indicated in C-PDCCH in order to conserve power for non-scheduled UEs. This is done with 5-6 additional bits in C-PDCCH
· Subframe offset: 2 bits

· Duration of the UL burst: 3-4 bits

Proposal #2: One bit in C-PDCCH is reserved for indicating the “no LBT” operation.
Observation #1: Current TA adjustment procedure and proper dimensioning of the guard period can be used to provide room for both UL-DL switching and LBT. 

Proposal #3: DL-UL switching in LAA can be based on a structure similar to TDD special subframe consisting of: 

·  a shortened DL subframe as specified in Rel-13 LAA (Optional)
·  a Guard Period (Mandatory) 

·  a shortened UL subframe similar to UpPTS (Optional).
Proposal #4: UL-DL switching in LAA can be based on similar principle as in LTE TDD, i.e. eNB choosing an appropriate TA value to reserve enough time for UL-DL switching as well as LBT. 

Observation #2: PUSCH shortened from the end can be used to provide more room for LBT prior to the start of the next DL subframe.
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