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1 Introduction

This contribution discusses two issues related to BWP operation in C-DRX mode:
· Whether on durations should start in a configured active BWP

· Whether start of a DRX cycle should stop the BWP inactivity timer
2 Discussion

2.1 Starting DL BWP for on durations
In the current specification, the DL BWP used by UE when it starts an on duration is the last DL BWP used before UE entered its last DRX cycle. 

When UE operates in DRX, field data has shown that in typical use scenarios, a high percentage of on durations finish with no traffic in them. Therefore, it is not power efficient for UE to start an on duration on a wide active BWP. Instead, a BWP with narrow BWP and a large K0 is more power efficient. As we explained in [1], that would allow UE to first wakes up in a low-power state, instead of operating in full capacity immediately (i.e. power expensive).  It switches to full capability only if there is high traffic load. 

This special low power DL BWP can be the default BWP. Or network may configure the default BWP for low power monitoring (e.g. K0 = 4 slots) during on duration but uses a DL BWP with much longer K0 (e.g. K0 = 16 slots) to start an on duration. This configuration would allow UE to approximate the behavior of wakeup signaling and achieve much lower power consumption, when traffic is sparse. 
One may argue that it is possible for an intelligent gNB to achieve similar benefits by having UE always use the DL BWP before the last DRX cycle and switch UE to a low power BWP after a period of inactivity. From UE’s perspective, we are concerned by two issues with this approach:
· It completely relies on network to “do the right thing”, which may not be always dependable;
· Since it is hard to guarantee the BWP inactivity timers at gNB and UE are always perfectly aligned, there could be a corner case where gNB and UE may become out-of-sync going into DRX due to a offset between their BWP timers. And this out-of-sync would resume when UE comes out of the DRX cycle, which is undesirable. It would be much more reliable if on duration always start from a known, configured BWP.
For the above reasons, we propose that DRX on durations should always start with a DL BWP configured by network. This starting DL BWP is configured as one of the DRX parameters.
Proposal 1. 
DRX on durations should always start with a DL BWP configured by network.

2.2 BWP inactivity timer and DRX cycle

In the current specification, BWP inactivity timer is stopped only when UE initiates a random access procedure. We think the timer should be stopped too when UE goes into a DRX cycle. This is because if the BWP inactivity timer is short and expires before the DRX cycle expires, gNB would have to switch to default BWP in the middle of a DRX cycle and then switches to the starting BWP when the next on duration starts. These two switches are not needed.

Another issue is that BWP inactivity timer should be reset when UE comes out DRX cycle and starts an on duration. This is because gNB and UE stop communicating during DRX cycles and there is no good reason for them to resume the previous BWP inactivity timer. In addition, if the BWP inactivity timer is not reset, there can be a corner case where the BWP inactivity timer expires before the first PDCCH message arrives, resulting in an unnecessary switch to the default BWP. 
Proposal 2.
BWP inactivity timer stops when a DRX cycle starts and restarts when an on duration starts.

3 Summary
Based on the above discussion, we’d recommend RAN2 discuss and decide on the following proposals:
Proposal 1. 
DRX on durations should always start with a DL BWP configured by network.
Proposal 2.
BWP inactivity timer stops when a DRX cycle starts and restarts when an on duration starts.
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5.7 Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring. When in RRC_CONNECTED, if DRX is configured, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity shall monitor the PDCCH continuously. When using DRX operation, the MAC entity shall monitor PDCCH according to requirements found in this specification.

RRC controls DRX operation by configuring the following parameters:

-
drx-onDurationTimer: the duration at the beginning of a DRX Cycle;
-
drx-SlotOffset: the delay in slots before starting the drx-onDurationTimer;

-
drx-StartOffset: the subframe where the DRX Cycle starts;
-
drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates an initial UL or DL user data transmission for the MAC entity;

-
drx-RetransmissionTimerDL (per DL HARQ process): the maximum duration until a DL retransmission is received;

-
drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;
-
drx-LongCycle: the Long DRX cycle;

-
drx-ShortCycle (optional): the Short DRX cycle;

-
drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;

-
drx-HARQ-RTT-TimerDL (per DL HARQ process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;

-
drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity.
-
drx-onDurationStarting-DL-BWP: the DL BWP used at the start of an on durations.
When a DRX cycle is configured, the Active Time includes the time while: 

-
drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in subclause 5.1.4).

When DRX is configured, the MAC entity shall:

1>
if a drx-HARQ-RTT-TimerDL expires:

2>
if the data of the corresponding HARQ process was not successfully decoded:

3>
start the drx-RetransmissionTimerDL for the corresponding HARQ process.

1>
if an drx-HARQ-RTT-TimerUL expires:

2>
start the drx-RetransmissionTimerUL for the corresponding HARQ process.

1>
if a DRX Command MAC CE or a Long DRX Command MAC CE is received:

2>
stop drx-onDurationTimer;

2>
stop drx-InactivityTimer.

1>
if drx-InactivityTimer expires or a DRX Command MAC CE is received:

2>
if the Short DRX cycle is configured:

3>
start or restart drx-ShortCycleTimer;

3>
use the Short DRX Cycle.

2>
else:

3>
use the Long DRX cycle.

1>
if drx-ShortCycleTimer expires:

2>
use the Long DRX cycle.

1>
if a Long DRX Command MAC CE is received:

2>
stop drx-ShortCycleTimer;

2>
use the Long DRX cycle.

1>
if the Short DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle); or

1>
if the Long DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:

2>
if drx-SlotOffset is configured:
3>
start drx-onDurationTimer after drx-SlotOffset and use drx-onDurationStarting-DL-BWP as the active DL BWP.
2>
else:

3>
start drx-onDurationTimer and use drx-onDurationStarting-DL-BWP as the active DL BWP.

1>
if the MAC entity is in Active Time:

2>
monitor the PDCCH;

2>
if the PDCCH indicates a DL transmission or if a DL assignment has been configured:
3>
start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process immediately after the corresponding PUCCH transmission;

3>
stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
2>
if the PDCCH indicates a UL transmission or if a UL grant has been configured:

3>
start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process immediately after the first repetition of the corresponding PUSCH transmission;

3>
stop the drx-RetransmissionTimerUL for the corresponding HARQ process.

2>
if the PDCCH indicates a new transmission (DL or UL):

3>
start or restart drx-InactivityTimer.

1>
else (i.e. not part of the Active Time):

2>
not report CQI/PMI/RI on PUCCH;

2>
not transmit type-0-triggered SRS defined in TS 38.214 [7].
Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity transmits HARQ feedback and type-1-triggered SRS defined in TS 38.214 [7] when such is expected.
	NEXT CHANGE


5.15
Bandwidth Part (BWP) operation
In addition to clause 12 of TS 38.213 [6], this subclause specifies requirements on BWP operation.
A Serving Cell may be configured with one or multiple BWPs, and the maximum number of BWP per Serving Cell is specified in TS 38.213 [6].

The BWP switching for a Serving Cell is used to activate an inactive BWP and deactivate an active BWP at a time, and is controlled by the PDCCH indicating a downlink assignment or an uplink grant. Upon addition of SpCell or activation of an SCell, one BWP is initially active without receiving PDCCH indicating a downlink assignment or an uplink grant. The active BWP for a Serving Cell is indicated by either RRC or PDCCH (as specified in TS 38.213 [6]). For unpaired spectrum, a DL BWP is paired with a UL BWP, and BWP switching is common for both UL and DL.

On the active BWP for each activated Serving Cell configured with a BWP, the MAC entity shall apply normal operations including:
1>
transmit on UL-SCH; 

1>
transmit on RACH;

1>
monitor the PDCCH;

1>
transmit PUCCH;

1>
receive DL-SCH;

1>
(re-)initialize any suspended configured uplink grants of configured grant Type 1 according to the stored configuration, if any, and to start in the symbol according to rules in subclause 5.8.2.

On the inactive BWP for each activated Serving Cell configured with a BWP, the MAC entity shall:
1>
not transmit on UL-SCH;

1>
not transmit on RACH;

1>
not monitor the PDCCH;

1>
not transmit PUCCH;

1>
not receive DL-SCH;

1>
clear any configured downlink assignment and configured uplink grant of configured grant Type 2;

1>
suspend any configured uplink grant of configured Type 1.
Upon initiation of the Random Access procedure, the MAC entity shall:
1>
if PRACH resources are configured for the active UL BWP:
2>
perform the Random Access procedure on the active DL BWP and UL BWP.
1>
else (i.e. PRACH resources are not configured for the active UL BWP):
2>
switch to initial DL BWP and UL BWP;

2>
perform the Random Access procedure on the initial DL BWP and UL BWP.

If the MAC entity receives a PDCCH for BWP switching while a Random Access procedure is ongoing in the MAC entity, it is up to UE implementation whether to switch BWP or ignore the PDCCH for BWP switching, except for the PDCCH reception for BWP switching addressed to the C-RNTI for successful contention resolution (as specified in subclause 5.1.5) in which case the UE shall perform BWP switching to a BWP indicated by the PDCCH. Upon reception of the PDCCH for BWP switching other than successful contention resolution, if the MAC entity decides to perform BWP switching, the MAC entity shall stop the ongoing Random Access procedure and initiate a Random Access procedure on the new activated BWP; if the MAC decides to ignore the PDCCH for BWP switching, the MAC entity shall continue with the ongoing Random Access procedure on the active BWP.

If the bandwidthPartInactivityTimer is configured, the MAC entity shall for each activated Serving Cell:

1>
if the default-DL-BWP is configured, and the active DL BWP is not the BWP indicated by the default-DL-BWP; or

1>
if the default-DL-BWP is not configured, and the active DL BWP is not the initial BWP:

2>
if a PDCCH indicating downlink assignment or uplink grant is received on the active BWP; or
2> if the MAC entity starts the drx-onDurationTimer; or
2>
if a MAC PDU is transmitted in a configured uplink grant or received in a configured downlink assignment:

3>
if there is no ongoing random access procedure associated with this Serving Cell:
4>
start or restart the bandwidthPartInactivityTimer associated with the active DL BWP.
2>
if a PDCCH for BWP switching is received on the active DL BWP, and the MAC entity switches the active BWP:

3>
start or restart the bandwidthPartInactivityTimer associated with the active DL BWP.

2>
if the MAC entity starts a DRX cycle; or

2> if Random Access procedure is initiated on this Serving Cell:

3>
stop the bandwidthPartInactivityTimer of this Serving Cell.
3>
if the Serving Cell in which Random Access procedure is initiated is a SCell (other than PSCell):
4>
stop the bandwidthPartInactivityTimer of SpCell, if running.
2>
if the bandwidthPartInactivityTimer associated with the active DL BWP expires:

3>
if the default-DL-BWP is configured:

4>
perform BWP switching to a BWP indicated by the default-DL-BWP.
3>
else:

4>
perform BWP switching to the initial DL BWP.

