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1
Introduction
In this document, we discuss some aspects on the UE assumptions and the maximum timing advance that can be assumed for UL transmissions on LAA SCells. 
2
UE assumptions on frame structure for eLAA
2.1
Gap between DL and UL transmissions
PUSCH transmissions on LAA SCells can start at one of the four following positions: 

1. Symbol 0

2. Symbol 1

3. 25us + TA after symbol 0

4. 25us after symbol 0

As in traditional LTE, for each of these PUSCH start positions, the start of UL transmission at the UE is determined after by advancing the UL subframe boundary based on the indicated timing advance so that the transmissions from all the UEs arrive at the eNB at the same time irrespective of the distance of the UE from the eNB. In LTE FS2, a guard period of at least 2 symbols is available between the end of DL transmission and the start of UL transmission to allow the UE to switch LOs (if needed based on the hardware configuration) and to allow the PLL to settle to obtain frequency stability. In addition, the choice of the special subframe is fixed in FS2 for all radio frames. 
In LAA SCells, whether the last D subframe is a full subframe or an end partial subframe is up to the eNB and can be chosen dynamically in every channel occupancy. Thus, the amount of gap available between the end of DL transmission and the start of UL transmission/LBT (from a UE perspective) can change in every channel occupancy. In some scenarios, the start of UL LBT can be immediately after DL transmission without any gap at all which restricts the timing advance that can be used by the UEs in the cell. 
In some channel conditions, the first arriving path at the UE is not the strongest one and hence the UE may lock onto a delayed multi-path component for determining the DL subframe boundary. This in turn results in an incorrect estimation of the DL subframe boundary at the UE and hence may impact the UE’s ability to start PUSCH transmission at the intended time (from the eNB’s perspective). 
At the very least, we propose the following restrictions on allowed “frame structure”, enable UL transmission at the UE at the intended time while not fully addressing the issue where the UE incorrectly determines the end of DL transmission. 
Proposal
1. A UE is not expected to receive a UL grant indicating PUSCH start at symbol 0 in subframe ‘n’, 

a. If DL transmission in subframe ‘n-1’ ends in symbol 13 and for any value of N_TA. 

We note that N_TA can be negative and this scenario be feasible but assume that this is not the normal operating mode at the eNB
2. A UE is not expected to receive a UL grant indicating PUSCH start at ‘25us after symbol 0’ in subframe ‘n’, 
a. If DL transmission in subframe ‘n-1’ ends in symbol 13 and N_TA > 0.
3. A UE is not expected to receive a UL grant indicating PUSCH start at ‘symbol 1’ in subframe ‘n’, 
a. If DL transmission in subframe ‘n-1’ ends in symbol 13 and N_TA > (2048 + 144 -768)*Ts
4. A UE is not expected to receive a UL grant indicating PUSCH start at ‘25us +TA after symbol 0’ in subframe ‘n’,

a. If DL transmission in subframe ‘n-1’ ends in symbol 13 and N_TA > (2048 + 144 – 768)*Ts
2.2 
Maximum timing advance

The transmission of an UL subframe starts (N_TA + N_TAoffset)*Ts seconds before the start of the corresponding DL subframe at the UE. For FS2, N_TAoffset of 624*Ts is always applied in addition to the timing advance indicated by the eNB. This corresponds to an additional timing advance offset of 20us. This gap between UL and DL subframes made available due to the additional 624 sample offset that can be used by the UE to switch between Tx and Rx after UL transmission and can be used by the eNB to switch between Rx and Tx after UL reception. 

To accommodate this timing advance, the eNB uses special subframes to create a gap between DL and UL transmissions. The configuration of the partial subframes determines the maximum gap between the DL and UL subframes and thus determines the maximum timing advance that can be configured for the eNB. 

Considering that eLAA, in its current form, is primarily intended for small cells in the 5GHz band, we consider a conservative 2km cell size for eLAA. Even at the edge of coverage, assuming a line of sight availability, the maximum timing advance corresponding to a 2km cell size is of the order of 13.3us. Even if the distance is larger due to NLOS propagation, we can conservatively assume 20us as the maximum timing advance that would be configured to the UE. In addition, we propose to include the 624Ts offset between DL and UL subframes as in FS2. This enables the UE to switch back to DL reception in subframe ‘n’ immediately after the end of UL transmission in subframe ‘n-1’. Without such a gap the UE may not be able to turn around in time to correctly detect the CRS in symbol 0 in case of a continuing DL transmission or the start of a next DL transmission burst. 
Observation: A UE may not be able to turn around and detect CRS in symbol 0 in subframe ‘n’ if UL transmission ends in symbol ‘13’ in subframe ‘n-1’ without any TA. 
Next, we note that in the future LAA SCells may incorporate shortened TTIs of 2-symbols or 4-symbols etc. In such a scenario, there may be multiple switches between DL and UL transmissions within a channel occupancy. In such a scenario, it would be almost mandatory for the UE to quickly turn around for DL reception after finishing UL transmission. (Note that support of multiple DL and UL transitions within a channel occupancy is FFS currently). 
Proposal

1. The maximum timing advance for eLAA SCells in the 5GHz band is 20us.

2. Alt 1 (our preference): N_TAoffset = 624*Ts (20us) is also applicable to eLAA SCells. This allows the UE to switch from DL reception to UL CCA which is 25us (for one shot CCA) 
3. Alt 2: If N_TA offset = 624*Ts (20us) is not acceptable, then the N_TA offset should be 499*Ts (16us) similar to IEEE 802.11 wherein a SIFS gap of 16us is typically used to transition between transmission and reception. 
2.3
Structure of TxOP and allowed transmission configurations

The following was agreed in the email discussion after RAN1#85

Agreement:
Rel-14 eLAA UE is required to decode UL grant PDCCHs as well as the common PDCCH in the ending partial subframe even if the number of occupied OFDM symbols for the ending partial subframe is not indicated from the previous subframe.
Based on this agreement, a UE would be required to process end partial subframes to decode UL PDCCHs. In Rel-13, it was not clarified whether an end partial subframe can be transmitted in a standalone fashion without a transmission in the preceding subframe. Note that in Rel-13 the UE was not required to process DL channels (beyond CPDCCH) in such a configuration. However, the implication of this agreement for Rel-14 UEs is not clear.
Interpretation 1: A DL end partial subframe in subframe ‘n’ always follows a DL full subframe in subframe ‘n-1’. In such a scenario, the UE misses detection of CPDCCH in subframe ‘n-1’
Interpretation 2: A DL end partial subframe in subframe ‘n’ need not be preceded by a DL full subframe in subframe ‘n-1’. In such a scenario, the UE is never able to detect CPDCCH in subframe ‘n-1’. 
Proposal
1. It is clarified that for Rel-13 and Rel-14 UEs an end partial subframe in subframe ‘n’ always follows a DL full subframe in subframe ‘n-1’.
3 
Conclusions

In this document, we discuss various aspects of the frame structure for LAA SCells supporting UL transmission. 

Proposal

1. A UE is not expected to receive a UL grant indicating PUSCH start at symbol 0 in subframe ‘n’, 

a. If DL transmission in subframe ‘n-1’ ends in symbol 13 and for any value of N_TA. 

2. A UE is not expected to receive a UL grant indicating PUSCH start at ‘25us after symbol 0’ in subframe ‘n’, 

a. If DL transmission in subframe ‘n-1’ ends in symbol 13 and N_TA > 0.

3. A UE is not expected to receive a UL grant indicating PUSCH start at ‘symbol 1’ in subframe ‘n’, 

a. If DL transmission in subframe ‘n-1’ ends in symbol 13 and N_TA > (2048 + 144 -768)*Ts
4. A UE is not expected to receive a UL grant indicating PUSCH start at ‘25us +TA after symbol 0’ in subframe ‘n’,

a. If DL transmission in subframe ‘n-1’ ends in symbol 13 and N_TA > (2048 + 144 – 768)*Ts

5. The maximum timing advance for eLAA SCells in the 5GHz band is 20us.

6. Alt 1 (our preference): N_TAoffset = 624*Ts (20us) is also applicable to eLAA SCells. This allows the UE to switch from DL reception to UL CCA which is 25us (for one shot CCA) 
7. Alt 2: If N_TA offset = 624*Ts (20us) is not acceptable, then the N_TA offset should be 499*Ts (16us) similar to IEEE 802.11 wherein a SIFS gap of 16us is typically used to transition between transmission and reception. 
8. It is clarified that for Rel-13 and Rel-14 UEs an end partial subframe in subframe ‘n’ always follows a DL full subframe in subframe ‘n-1’.
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