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1
Introduction

RAN2 has agreed the priority order of measurement gaps > HARQ retransmissions > DRX [4, 5]. UL HARQ retransmission that collides with a measurement gap is cancelled [1, 2]. DL HARQ feedback (for UL transmission) coinciding with the measurement gap is considered to be a HARQ ACK [1]. HARQ operation related to data transmission is independent of DRX operation and the UE wakes up to read the PDCCH for possible retransmissions and/or ACK/NAK signalling regardless of DRX in the downlink [2]. These are the implementations for the priority order of “measurement gaps > HARQ retransmissions” and “HARQ retransmissions > DRX” in the specification. However, it seems that the implementation for the priority order of “measurement gaps > DRX” is missing, no embodiment of this priority relation could be found in the MAC specification. This contribution tries to deal with this problem.

2
Discussion

During Active Time, UE shall monitor the PDCCH for a PDCCH-subframe except if the subframe is required for uplink transmission for half-duplex FDD UE operation [1]. During measurement gap, the UE does not monitor PDCCH and perform any UL (re-) transmissions. There are cases of measurement gap overlapping with Active time due to different configuration of gap pattern and DRX cycle. E.g. in figure 1, the measurement gap is configured as a 6ms length and 40ms period. The long DRX cycle is configured as 40ms and the On Duration Timer is configured as 8ms. At position (1), the Active Time is extended by DRX Inactivity Timer and collision with measurement gap occurs. When such situation happens, there is ambiguity of UE behaviour in current specification. The UE will not know whether it should monitor the PDCCH or not. According the agreed priority order of measurement gaps > DRX, the UE should not monitor the PDCCH, and such UE behaviour needs to be specified.
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Figure 1

There are two options for the UE behaviour. Option 1, UE enters inactivity period and stops the DRX Inactivity Timer and/or On Duration Timer and/or DRX Retransmission Timer if some of them are running when collision occurs. The drawback of this solution is that the UE has to wait until the next On Duration to be scheduled. Also it brings about some UE complexity. Option 2, the DRX Inactivity Timer and/or On Duration Timer and/or DRX Retransmission Timer are not affected by the collision, the UE just simply does not monitor PDCCH during the overlapping period. Since either of the Timers may well go beyond the end of the measurement gap, the UE can be scheduled in current DRX cycle after the gap finishes. The delay is lower than option 1 and it is simpler. So Option 2 is preferred.

Another scenario of the collision is shown in figure 2. The long DRX cycle is configured as 32ms. At position (1), the start of the On Duration coincides with the start of a measurement gap. According to the agreed priority order of measurement gaps > DRX, there are two options for the UE behaviour. Option 1, the On Duration is cancelled and the On Duration Timer is not started. This option changes the DRX behaviour and brings about some complexity. Option 2, the On Duration Timer starts as usual but the UE does not monitor PDCCH during the overlapping period. It is simple and has least impact on current specification. So Option 2 is preferred.
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Figure 2
In general, it is proposed that:

Proposal 1: During the Active Time, for a PDCCH-subframe except if the subframe coincides with a measurement gap, the UE monitors the PDCCH. 
Active Time also includes the time period while the Contention Resolution Timer is running, collision with measurement gap can also take place under this scenario. The UE behaviour in this case is related to another ongoing topic “Priority between RACH procedure and measurement gap” at this meeting. According to the consensus within RAN2 UP session that random access has priority over measurement gap in the last meeting, it is proposed to cancel the measurement gap if it can collide with the time period of Contention Resolution Timer.

Proposal 2: Measurement gap that collides with the time period while the Contention Resolution Timer is running is cancelled.
There are two potential ways to implement proposal 1 in MAC specification. Option 1, modify the definition of Active Time, DRX Inactivity Timer, DRX Retransmission Timer, and On Duration Timer to exclude the PDCCH-subframes which collide with measurement gap. Option 2, add a condition when the UE does not monitor PDCCH during Active Time for overlapping period with measurement gap in section 5.7. Option 2 is preferred.
3
Conclusion
This contribution tries to implement the agreed priority order of “measurement gaps > DRX” in the MAC specification, and the corresponding CR for proposal 1 is attached. Implementation for proposal 2 is left because the discussion is also under another ongoing topic. It is proposed that:

Proposal 1: During the Active Time, for a PDCCH-subframe except if the subframe coincides with a measurement gap, the UE monitors the PDCCH.
Proposal 2: Measurement gap that collides with the time period while the Contention Resolution Timer is running is cancelled.
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5.7
Discontinuous Reception (DRX)

The UE may be configured by RRC with a DRX functionality that allows it to not continuously monitor the PDCCH. The DRX functionality consists of a Long DRX cycle, a DRX Inactivity Timer, a DRX Retransmission Timer and optionally a Short DRX Cycle and a DRX Short Cycle Timer, all defined in subclause 3.1. 

When a DRX cycle is configured, the Active Time includes the time while: 

-
the On Duration Timer or the DRX Inactivity Timer or a DRX Retransmission Timer or the Contention Resolution Timer is running; or

-
a Scheduling Request is pending (as described in subclause 5.4.4); or

-
an uplink grant for a retransmission can occur; or

-
a PDCCH indicating a new transmission addressed to the C-RNTI or Temporary C-RNTI of the UE has not been received after successful reception of a Random Access Response (as described in subclause 5.1.4).

When a DRX cycle is configured, the UE shall for each subframe:

-
start the On Duration Timer when  [(SFN * 10) + subframe number] modulo (current DRX Cycle) = DRX Start Offset; 

-
if a HARQ RTT Timer expires in this subframe and the data in the soft buffer of the corresponding HARQ process was not successfully decoded:

-
start the DRX Retransmission Timer for the corresponding HARQ process.

-
if a DRX Command MAC control element is received:

-
stop the On Duration Timer;

-
stop the DRX Inactivity Timer.

-
if the DRX Inactivity Timer expires or a DRX Command MAC control element is received in this subframe:

-
if the short DRX cycle is configured:


-
start the DRX Short Cycle Timer and use the Short DRX Cycle.

-
else:

-
use the Long DRX cycle.

-
if the DRX Short Cycle Timer expires in this subframe:

-
use the long DRX cycle.

-
during the Active Time, for a PDCCH-subframe except if the subframe is required for uplink transmission for half-duplex FDD UE operation or except if the subframe coincides with a measurement gap:

-
monitor the PDCCH;

-
if the PDCCH indicates a DL transmission:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the DRX Retransmission Timer for the corresponding HARQ process.

-
if the PDCCH indicates a new transmission (DL or UL):


-
start or restart the DRX Inactivity Timer.

-
if a DL assignment has been configured for this subframe and no PDCCH indicating a DL transmission was successfully decoded:

-
start the HARQ RTT Timer for the corresponding HARQ process.

-
when not in active time, CQI and SRS shall not be reported.

Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such is expected.
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