[bookmark: _Hlk512852793][bookmark: _GoBack]3GPP TSG-RAN WG2 #103-Bis	 TDoc R2-1815027
Chengdu, China, 8th – 12th October 2018

Agenda Item:	11.2.1.2
Source:	Ericsson
Title:	DRX enhancement for NR-U
Document for:	Discussion, Decision

Introduction
The study item on NR-based access to unlicensed spectrum (NR-U) has started at RAN1#92.  At RAN1 #92, the following agreements were reached for NR-U and highlighted as below: 
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 
· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
· NR-U SCell may have both DL and UL, or DL-only.
· Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)
In this new study item, NR unlicensed operation need to support both standalone (SA) and DC scenarios which are different from LTE LAA scenarios. 
[bookmark: _Toc516239746][bookmark: _Toc516659694][bookmark: _Toc516824015][bookmark: _Toc517254658][bookmark: _Toc517344108][bookmark: _Toc517349498][bookmark: _Toc517349718][bookmark: _Toc517363140][bookmark: _Toc520464782][bookmark: _Toc523914241][bookmark: _Toc524099397][bookmark: _Toc525415311][bookmark: _Toc525415419][bookmark: _Toc525713932][bookmark: _Toc525716455][bookmark: _Toc525834249]NR-U supports both standalone and DC deployment scenarios.
The potential impacts to the MAC layer for NR-U has been discussed at RAN2#102, where one of the aspects is the DRX functionality in the MAC layer.  Particularly, RAN2 should study whether necessary enhancements on DRX should be applied for NR-U new scenarios where an NR-U cell may work as the primary cell.
[bookmark: _Toc524099398][bookmark: _Toc525415312][bookmark: _Toc525415420][bookmark: _Toc525713933][bookmark: _Toc525716456][bookmark: _Toc525834250]It is necessary to study potential enhancements on DRX for NR-U new deployment scenarios where an NR-U cell operates as the primary cell.
In this contribution, we discuss some details related to DRX in connected mode (C-DRX) and provide our views accordingly.
[bookmark: _Ref525834269]Discussions
C-DRX in NR licensed
Active UEs in connected mode must continuously monitor the downlink for Downlink Control Information, DCI, to see if there is a downlink assignment or uplink grant to which they should respond. The power saving feature connected mode DRX, C-DRX, allows the UE to enter a sleep mode after a time of inactivity in which the UE only wakes up to monitor PDCCH according to a configured onDuration time per C-DRX Cycle, see Figure 1.
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[bookmark: _Ref481656372]Figure 1: C-DRX cycles with onDuration periods
When transmitting a DCI to a UE, a CRC is attached to each DCI message payload. The identity of the device or devices, i.e. the Radio Network Temporary identifier, RNTI, is included in the CRC calculation and not explicitly transmitted. Depending on the purpose of the DCI, different RNTIs are used. When the UE monitors and tries to decode the PDCCH, the UE will check the CRC using a set of assigned RNTIs. If the CRC check passes, the message is declared to be correctly received and intended for the UE. Thus, the identity of the device that message is intended for is implicitly encoded in the CRC and not explicitly transmitted.
When the UE wakes up in each C-DRX cycle, it needs to monitor the PDCCH during the onDuration period. A typical setting for C-DRX onDuration is observed to be in the order of tens of milliseconds and thus, the UE must stay awake for the entire onDuration even if there is no data scheduled for the UE. This could be viewed as a power waste for the UE. 
The trade-off between reachability and UE power consumption is managed by the network via various timers such as onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer.  For CA, a common DRX configuration per MAC entity is applied. 
[bookmark: _Toc524099399][bookmark: _Toc525415313][bookmark: _Toc525415421][bookmark: _Toc525713934][bookmark: _Toc525716457][bookmark: _Toc525834251]In NR licensed, a common DRX configuration is maintained per MAC entity.
C-DRX in NR-U 
In Rel.13, RAN2 has concluded that it is unnecessary to enhance C-DRX for LTE LAA [6]. A common DRX configuration is maintained for both licensed cell and unlicensed cells. The separate DRX configuration per cell (as proposed by some companies) would result in high complexity, keeping track of all timers and on durations and possibly not being able to sleep completely as some cell needs to be monitored, therefore it is not needed for NR-U LAA scenarios.
It is reasonable to apply the same logic as in LTE LAA for NR-U so that a common DRX configuration should be applied per MAC entity.
[bookmark: _Toc524099403][bookmark: _Toc524125624][bookmark: _Toc524125672][bookmark: _Toc524126476][bookmark: _Toc525415290][bookmark: _Toc525716463][bookmark: _Toc525834257]As in NR licensed and LTE LAA, a common DRX configuration is applied per MAC entity for NR-U.
For the NR-U, an NR-U cell can operate as the scheduling cell (i.e., the NR-U cell is the primary cell or uses self-scheduling in case the NR-U cell is an SCell). The DCI signaling may be blocked by the LBT failure in DL so that an NR-U UE in DRX may miss the scheduling opportunities during its DRX ON durations. Thus, some enhancements on DRX may be necessary to mitigate the impact due to LBT failures.
[bookmark: _Toc524099400][bookmark: _Toc525415314][bookmark: _Toc525415422][bookmark: _Toc525713935][bookmark: _Toc525716458][bookmark: _Toc525834252]For NR-U, the UE may miss scheduling opportunities due to DL LBT failure.

For NR-U operations, it might be beneficial depending on gNB implementation to configure longer DRX timers (e.g. ON-duration, inactivity timer). However, there is a drawback that the UE would reduce its power saving due to more frequent or longer ON durations. 
[bookmark: _Toc524099401][bookmark: _Toc525415315][bookmark: _Toc525415423][bookmark: _Toc525713936][bookmark: _Toc525716459][bookmark: _Toc525834253]The UE would sacrifice its power saving with more frequent or longer ON durations.
During recent meetings, companies have presented several typical enhancement options. We analyse their pros and cons, and summarize our view.
Option 1: Adaptive DRX depending on whether the UE received a channel acquisition indication and/or DL data in an ON duration [2].
Option 2: Adaptive DRX based on the channel occupancy and traffic/serving type [3]
Option 3: DRX with Wake-Up signalling [4]
In Option 1, the gNB transmits a channel acquisition indication (e.g., DRS signal) during each ON duration. If the UE receives neither a channel acquisition indication nor the data, the UE would assume that the gNB has experienced a LBT failure, so that the UE uses a new shorter DRX cycle. If LBT failures frequently occur, the DRX configuration would be also often adapted.
In Option 2, DRX is slowly adapted depending on the channel occupancy and/or service type. 
In Option 3, the UE enters into ON duration only when it detects a Wake-Up signalling sent by the gNB.
Option 1 adds requirements to the gNB to configure a UE’s On-Durations to coincide with the serving cell’s DRS transmission.  It can achieve optimized UE battery saving, however, the gNB must send channel acquisition indication during every ON duration if there is no data transfer for the UE, such behavior would increase the gNB power consumption and degrades the power saving for the gNB. In addition, it may also break the spectrum regulatory policies so that impose negative impact on other coexisting unlicensed systems, such as WiFi and LTE LAA. Therefore, Option 1 should not be considered by RAN2.
[bookmark: _Toc525415316][bookmark: _Toc525415424][bookmark: _Toc525713937][bookmark: _Toc525716460][bookmark: _Toc525834254]In Option 1, the gNB must send channel acquisition indication during every ON duration if there is no data transfer for the UE, this may break the spectrum regulatory policies and impose negative impact on other coexisting systems such as WiFi and LTE LAA.
For Option 2, it is feasible for an NR-U UE to measure the channel occupancy and adapts to a suitable DRX configuration. In order to do this, the gNB can configure multiple DRX configurations for a UE, the UE selects the suitable one based on measurement of the channel occupancy.  However, whenever the UE adapts its DRX configuration, the UE must inform the gNB of its selected DRX configuration via additional uplink signaling.  If the signaling is blocked by the LBT, there may be a misalignment on DRX configuration between the gNB and the UE. Given the fact that the gNB has already tools to reconfigure the DRX configuration depending on different criteria. There is no clear benefit for the UE to adapt DRX configuration,and indicate the chosen DRX configuration to the gNB.
[bookmark: _Toc525415317][bookmark: _Toc525415425][bookmark: _Toc525713938][bookmark: _Toc525716461][bookmark: _Toc525834255]In Option 2, the gNB has already tools to reconfigure the DRX configuration in the existing DRX framework, e.g. on the basis of UE measurement reports. There is no clear benefits to allow the UE to adapt the DRX configuration.
In Option 3, the UE would enter DRX active state only when a Wake-Up signaling has been received by the UE. Whenever there is no further downlink data transfer for a UE, the gNB can order the UE to stop its active state and go to inactive state. In NR-U, the ON-Duration timer and Inactivity timer need to be prolonged when PDCCH signaling is blocked by LBT failures, so that the UE can keep active with longer time until reception of the PDCCH signaling. With Wake-Up signaling, the UE can avoid staying active when there is no data intended for the UE. Therefore, compared to other two options, Option 3 is more promising for NR-U. In fact, similar DRX enhancement as Option 3 has been adopted for MTC in LTE and also discussed in NR WI in Rel-15 [5] . Currently, the technical details of Wake-Up signaling are being studied in SI on UE power saving [7]. To avoid the overlap in the work scope with the SI on UE power saving, it is sufficient for NR-U to leave the Wake-Up signaling work to the SI on UE power saving. NR-U can just reuse the study outcome by the SI on UE power saving.
[bookmark: _Toc525415426][bookmark: _Toc525713939][bookmark: _Toc525716462][bookmark: _Toc525834256]Wake-up signaling can be beneficial in the context of NR-U operation, since the UE would enter DRX active state only when a Wake-Up signaling has been received, thereby compensating the possible higher power consumption due to longer DRX timers (ON duration, inactivity timer)
Therefore, we make the following proposals.
[bookmark: _Toc525415292][bookmark: _Toc525716464][bookmark: _Toc525834258][bookmark: _Toc524125625][bookmark: _Toc524125673][bookmark: _Toc524126477][bookmark: _Toc524099404]RAN2 assumes that the usage of wake up signaling can be beneficial in the context of NR-U. The study of of Wake-Up signaling is left to the SI on UE power saving. 
[bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079][bookmark: _Toc525834259]Add the text in the appendix to the 38.889 technical report.

Conclusion
In section 2 we made the following observations:
Observation 1	NR-U supports both standalone and DC deployment scenarios.
Observation 2	It is necessary to study potential enhancements on DRX for NR-U new deployment scenarios where an NR-U cell operates as the primary cell.
Observation 3	In NR licensed, a common DRX configuration is maintained per MAC entity.
Observation 4	For NR-U, the UE may miss scheduling opportunities due to DL LBT failure.
Observation 5	The UE would sacrifice its power saving with more frequent or longer ON durations.
Observation 6	In Option 1, the gNB must send channel acquisition indication during every ON duration if there is no data transfer for the UE, this may break the spectrum regulatory policies and impose negative impact on other coexisting systems such as WiFi and LTE LAA.
Observation 7	In Option 2, the gNB has already tools to reconfigure the DRX configuration in the existing DRX framework, e.g. on the basis of UE measurement reports. There is no clear benefits to allow the UE to adapt the DRX configuration.
Observation 8	Wake-up signaling can be beneficial in the context of NR-U operation, since the UE would enter DRX active state only when a Wake-Up signaling has been received, thereby compensating the possible higher power consumption due to longer DRX timers (ON duration, inactivity timer)

Based on the discussion in section 2 we propose the following:
Proposal 1	As in NR licensed and LTE LAA, a common DRX configuration is applied per MAC entity for NR-U.
Proposal 2	RAN2 assumes that the usage of wake up signaling can be beneficial in the context of NR-U. The study of of Wake-Up signaling is left to the SI on UE power saving.
Proposal 3	Add the text in the appendix to the 38.889 technical report.
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[bookmark: _Toc421223100]Appendix: Text proposal on DRX
In this section, we suggest reusing the text from the LTE LAA WI in Rel-13 as the baseline for TP for NR-U. Some necessary changes are also provided.
7.2.2	Higher layer aspects
7.2.2.3	DRX
In CA, the same DRX operation applies to all configured and activated serving cells (i.e. identical active time for PDCCH monitoring). In other words, there is a common DRX per MAC entity applied to all the serving cells. The difference in the case of NR-U LAA is that due to LBT there is no guarantee that the channel is obtained for scheduling the UE at the exact moment desired by the eNB. In addition, even if CCA succeeds, the transmitter (i.e., gNB) can only be occupying the channel for a limited time duration due to the limited maximum transmission duration requirement. This means that the DRX timers (on-duration, inactivity timer) should be long enough or DRX cycles should be short enough to allow time for obtaining access to the channel.
Until further studies reveal that there is a need for very short DRX cycles/very long Active times, common DRX is recommended to be used as the baseline across all aggregated licensed and unlicensed serving cells.
In NR-U, the usage of Wake-Up signal mechanism may be beneficial to compensate the possible higher power consumption due to longer DRX timers (ON duration, inactivity timer). The relevant discussions on Wake-Up signaling mechanisms are handled in the study item on UE power saving and Wakeup Mechanism in NR. 

