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1
Introduction
With introduction of UL for LAA SCells, the DRX functionality needs to be enhanced in UL to take into account the asynchronous and adaptive UL HARQ. In RAN2#93bis the following agreements were reached.

	· Introduce UL HARQ RTT Timer and UL DRX retransmission timer per HARQ process.
· drx-ULRetransmissionTimer is started on the subframe UL HARQ RTT Timer has expired.
· Uplink HARQ RTT Timer length is set for 4 subframes.
· Uplink HARQ RTT Timer is started in the subframe containing the indicated PUSCH transmission [even when LBT for PUSCH fails]


In [R2-162470] the issue of PDCCH-subframe definition with UL LAA was brought up. In this contribution we discuss the options for PDCCH-subframe definition in the LAA SCell and state our preference.
2
PDCCH-subframe definition in LAA SCell
The DRX timers such as the OnDurationTimer, DRXInactivityTimer and DRXRetransmissionTimer are based on counting PDCCH subframes. The MAC specification TS36.321 defines a PDCCH-subframe as follows.
	PDCCH-subframe: Refers to a subframe with PDCCH. For a MAC entity not configured with any TDD serving cell(s), this represents any subframe; for a MAC entity configured with at least one TDD serving cell, if a MAC entity is capable of simultaneous reception and transmission in the aggregated cells, this represents the union over all serving cells of downlink subframes and subframes including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8], except serving cells that are configured with schedulingCellId [8]; otherwise, this represents the subframes where the SpCell is configured with a downlink subframe or a subframe including DwPTS of the TDD UL/DL configuration indicated by tdd-Config [8].
For RNs with an RN subframe configuration configured and not suspended, in its communication with the E-UTRAN, this represents all downlink subframes configured for RN communication with the E-UTRAN.


In Rel-13 LAA, all the subframes are PDCCH subframes as there are only DL subframes in LAA SCell. Now that in Rel-14 also UL is specified for LAA SCells, there can be also UL subframes. In addition the frame structure may change dynamically (could be e.g. indicated by the Common PDCCH). There are multiple options for PDCCH subframe definition in case UE is configured with a UL LAA SCell, as also identified in [R2-162470]:
Option 1: All subframes in LAA SCell are considered DL subframes, similar to Rel-13 LAA

Pros: Predicable counting of PDCCH-subframes without risk of mismatch between UE and eNB due to LBT or PDCCH detection errors. Not limiting scheduling opportunities (except when UE is using DRX) as LAA SCell is always considered as having PDCCH-subframe. This approach is the same as Rel-13 LAA, so LAA SCells with UL would not need different handling.
Cons: Counting as PDCCH-subframes also some subframes where there is no PDCCH transmission. Thus the DRX timers may run in a sense too fast and longer timers may need to be configured.
Option 2: Actual DL subframes indicated by Common PDCCH 

Pros: Easier to set the DRX timers, because only those subframes are counted as PDCCH-subframes where there actually could be a PDCCH transmission. (I.e. not counting also UL subframes as option 1.)
Cons: Unpredictable due to PDCCH detection errors (UE not distinguishing between LBT and detection error). This can cause DRX to be unsynchronized between UE and eNB. Moreover, the UE doesn’t read the PDCCH when using DRX, so it is not clear which subframes it should count as PDCCH-subframes when not reading PDCCH.
Option 3: Assuming a DL and UL pattern for a TX burst as a reference TDD configuration

Pros: -
Cons: This is inaccurate if the reference configuration doesn’t match the actual DL/UL subframes.
Option 4: No DL subframes in the LAA SCell 

Pros: Predicable counting of PDCCH-subframes without risk of mismatch between UE and eNB due to LBT or PDCCH detection errors. 
Cons: This means that the PDCCH-subframes are based on the licensed serving cell PDCCH-subframes. The problem is that this restricts the scheduling flexibility if the LAA SCell has DL subframes when licensed serving cells do not.
Based on the above analysis and comparison of the different alternatives, option 1 (every subframe in LAA SCell is a PDCCH subframe) seems to be the best solution as it is predictable (does not depend on when UE reads PDCCH to know the frame structure) and allows scheduling UE without unnecessary limitation.
Proposal 1: In LAA SCell every subframe is counted as a PDCCH-subframe.
3
Summary
PDCCH-subframe definition in LAA SCell is discussed and the following proposal is made.
Proposal 1: In LAA SCell every subframe is counted as a PDCCH-subframe.
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