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1 Introduction
In the MAC specification the concept of a "PDCCH-subframe" is used for counting timers for DRX. A PDCCH-subframe is a subframe where the UE can receive PDCCH. For FDD this comprises all subframes since the UE can receive PDCCH in any subframe since they all are downlink subframes. In TDD it is defined that whether a subframe is an UL subframe or a DL subframe is based on the TDD configuration.

LAA in Rel-13 only supported DL transmissions and therefore all subframes are downlink subframes. In Rel-14 LAA we will support both UL and DL transmission in LAA cells and hence we need to find a suitable definition of PDCCH-subframe.
2 Discussion
In the last meeting it was briefly discussed how to define PDCCH-subframes in LAA Rel-14. RAN2 did however not reach an agreement yet.

First we need want to clarify that it is important that the eNB and the UE has a common understanding of whether a subframe is a DL subframe or an UL subframe. This because it is critical that the UE and eNB are synchronized with regards to the DRX timers since otherwise the eNB may try to schedule the UE in a subframe which the UE thinks is not "active time" which will not work.

Observation 1 It is critical that the UE and eNB has a common understanding of which subframes are PDCCH‑subframes 
The current PDCCH-subframe definition is provided below. As can be seen, the UE considers a subframe as PDCCH subframe if at least one of the serving cells has PDCCH. If the UE has at least one FDD cell this is trivial and all subframes will be PDCCH-subframes. The interesting scenario is where the UE has e.g. a TDD PCell and an LAA SCell (or similar scenarios).

	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.


One possible definition is to consider a subframe on an LAA SCell as a PDCCH-subframe if the UE has received PDCCH in this subframe. This means that if the UE has not received PDCCH in a subframe, the subframe would not be considered as a PDCCH-subframe and the UE would not increase the timers (unless it is a PDCCH subframe for another serving cell). But if the UE received PDCCH in a subframe it would be considered a PDCCH-subframe. This may seem good at a glance but once one considers lost downlink transmission this becomes complicated as the eNB and the UE may have different understanding of whether a subframe is a PDCCH-subframe or not. Consider for example that the eNB scheduled the UE in subframe N but the UE did not decode this transmission correctly. The UE would therefore not increase e.g. the inactivity timer but the eNB would and then the UE would be awake longer than needed since the eNB anyway cannot make use of the UE being awake. Even worse would be if the UE falsely detects PDCCH in a subframe and hence increase the counters while the eNB does not increase the counters resulting in that the UE falls asleep too early. Hence, as indicated by Observation 1, this is not a good definition of PDCCH-subframes.
The same reasoning applies to any scenario where the UE determines whether a subframe is a PDCCH-subframe based on signals from the eNB.

Observation 2 If PDCCH-subframes are determined based on signals from the eNB, the UE and eNB may become desynchronized w.r.t. DRX timers

Based on the above we believe the simplest approach is to define all subframes as PDCCH-subframes for LAA. It was however raised a concern in [1] that if all subframes are considered PDCCH-subframes the counters may be increased too quickly and hence limiting the amount of scheduling opportunities for the eNB. We believe that this can easily be addressed by the eNB by setting the timer values to appropriate values (i.e. setting them to values suitable for when all subframes are PDCCH-subframes, such as when the UE has at least one FDD cell).
Proposal 1 All subframes are considered PDCCH-subframes for LAA cells in MAC
A text proposal how to capture this is illustrated below.
Proposal 2 Adopt the text proposal below on PDCCH-subframe definition
	PDCCH-subframe: Refers to a subframe with PDCCH. For a MAC entity not configured with any TDD serving cell(s) or configured with at least one serving cell operating according to frame structure 3, this represents any subframe; for a MAC entity configured with at least one TDD serving cell and no serving cell operating according to Frame Structure 3, 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.


2.1 Monitoring of PDCCH

A UE which transmits on an LAA SCell may not be intended to or even able to monitor PDCCH on the LAA SCell when transmitting on that LAA SCell. There are three different ways of addressing this in MAC:

Alt 1. UE does not monitor PDCCH in a PDCCH-subframe used for UL transmission on an LAA-cell
Alt 2. UE does not monitor the PDCCH of an LAA cell if the UE transmits on that particular LAA-cell

Alt 3. Do nothing - The UE will assume there is no PDCCH on LAA-cells in subframes where it is scheduled for UL
Alternative 1

In the below we have a condition (in red) saying that the UE does not monitor PDCCH if the UE has an UL-transmission on an LAA-cell. This is similar to the existing condition (in orange) saying that a half-duplex UE does not monitor PDCCH in a subframe where it is required to do UL-transmission.

	When DRX is configured, the MAC entity shall for each subframe:


[Cut]
-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation or for uplink transmission in a serving cell operating according to Frame Structure 3 [7], if the subframe is not a half-duplex guard subframe [7] and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception; or

[Cut]
-
monitor the PDCCH;


While this will be fine in some scenarios it implies that the UE does not monitor PDCCH on the PCell in a subframe where the UE is transmitting on an LAA-cell. But we assume this is not completely accurate.

Alternative 2

In the below it is explained (in red) that the UE does not monitor the PDCCH on the particular LAA-cell which the UE is doing an UL-transmission on.
	When DRX is configured, the MAC entity shall for each subframe:

[Cut]
-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation, if the subframe is not a half-duplex guard subframe [7] and if the subframe is not part of a configured measurement gap and if the subframe is not part of a configured Sidelink Discovery Gap for Reception; or

[Cut]
-    for all serving cells, except serving cells operating according to Frame Structure 3 [7] on which the UE is required to perform an uplink transmission in this subframe: 


-
monitor the PDCCH;




This captured the scenario where the UE shall monitor PDCCH of the PCell at the same time as the UE transmits in UL on an LAA-cell. Which we assume is the intended UE behaviour and hence more accurate.

Alternative 3

In the last approach we change nothing. The argument for why this works is that in a subframe where the UE transmits on an LAA-cell, there will be no PDCCH to monitor on that cell. So even if it says in MAC that the UE shall "monitor PDCCH" this simply is not applicable for LAA-cells which the UE transmits on since anyway there is no PDCCH on that cell in that TTI.

We suggest that RAN2 should discuss which of the above approaches should be adopted. We believe that approach 2 or approach 3 are the accurate ones.

Proposal 3 RAN2 should discuss which alternative to adopt for handling non-monitoring of PDCCH on LAA-cells in PDCCH-subframes
3 Conclusion
In section 2 we made the following observations:
Observation 1
It is critical that the UE and eNB has a common understanding of which subframes are PDCCH‑subframes
Observation 2
If PDCCH-subframes are determined based on signals from the eNB, the UE and eNB may become desynchronized w.r.t. DRX timers


Based on the above we propose:
Proposal 1
All subframes are considered PDCCH-subframes for LAA cells in MAC
Proposal 2
Adopt the text proposal below on PDCCH-subframe definition
Proposal 3
RAN2 should discuss which alternative to adopt for handling non-monitoring of PDCCH on LAA-cells in PDCCH-subframes
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