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Introduction
As agreed in the NR-U WID [1], the work item is aimed at supporting the following scenarios: 
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell). 
· NR-U SCell may have both DL and UL, or DL-only.
· In this scenario, NR PCell is connected to 5G-CN.
· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· In this scenario, LTE PCell connected to EPC as higher priority than PCell connected to 5G-CN. 
· Scenario C: Stand-alone NR-U
· In this scenario, NR-U is connected to 5G-CN.
· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band (single cell architecture).
· In this scenario, NR-U is connected to 5G-CN.
· Scenario E: Dual connectivity between licensed band NR and NR-U. 
· In this scenario, PCell is connected to 5G-CN.
In this new work item, NR unlicensed operation need to support both standalone (SA) and DC scenarios which are different from LTE LAA scenarios. 
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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.
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In this contribution, we discuss some details related to DRX in connected mode (C-DRX) and provide our views accordingly.
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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. During this period, 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. 
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C-DRX in NR-U 
In Rel.13, RAN2 has concluded that it is unnecessary to enhance C-DRX for LTE LAA [2]. A common DRX configuration is maintained for both licensed cell and unlicensed cells. The separate DRX configuration per cell 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. Additionally, when PDCCH transmission fails in one cell, if a common DRX framework is used, the gNB has the possibility to send the PDCCH over the licensed cell. Instead, if DRX Active time occasions among different licensed and unlicensed cells are not aligned, the gNB cannot do that and PDCCH transmission should be postponed to next DRX occasion. Consequence would be that in the meantime the UL/DL buffer has increased, and at next DRX occasion, the UE will need to stay on for a longer time. 
Therefore, we believe that if separate DRX configurations are configured for licensed/unlicensed cells, not only data rate might be affected (since in practice carrier aggregation efficiency will be impacted), but it may also lead to increased power consumption due to more frequent on/off switches and potentially more frequent triggering of DRX inactivity Timer.
[bookmark: _Toc528751413][bookmark: _Toc536639157][bookmark: _Toc1037557][bookmark: _Toc1037693][bookmark: _Toc1037733]Separate DRX configurations for different cells might impact data rate, and it may lead to increased power consumption due to more frequent DRX on/off switches and potentially more frequent DRX Inactivity Time triggering.
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. With a common DRX configuration cross all cells, another benefit is that the UE keeps awake in all cells in case there is data available for transmission or reception, so the data can be quickly transmitted /received, after that, the UE can switch back to sleep again. In such a fashion, it is beneficial for UE power saving.
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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 so that this may lead to additional UP latency, which may be not acceptable for delay sensitive services. Thus, some enhancements on DRX may be necessary to mitigate the impact due to LBT failures. 
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For NR-U operations, in some cases it might be beneficial depending on gNB implementation to configure longer DRX timers (e.g. ON-duration, inactivity timer) to mitigate the loss of scheduling opportunities due to LBT subjection. However, there is a drawback that the UE would reduce its power saving due to more frequent or longer ON durations. 
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During the SI phase, one DRX enhancement option with a Wake-Up signalling has been discussed in RAN2 and has obtained attraction in RAN2 [3]. 
In this option, the UE would enter DRX active state only when a Wake-Up signaling has been received by the UE. 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, this option seems more promising for NR-U. In fact, similar DRX enhancement as this option has been adopted for MTC in LTE and also discussed in NR WI in Rel-15 [3] . Currently, the technical details of Wake-Up signaling are being studied in SI on UE power saving [4]. 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][bookmark: _Toc528751418][bookmark: _Toc536639160][bookmark: _Toc1037560][bookmark: _Toc1037696][bookmark: _Toc1037736]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.
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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	Separate DRX configurations for different cells might impact data rate, and it may lead to increased power consumption due to more frequent DRX on/off switches and potentially more frequent DRX Inactivity Time triggering.
Observation 5	For NR-U, the UE may miss scheduling opportunities due to DL LBT failure.
Observation 6	The UE would sacrifice its power saving with more frequent or longer ON durations.
Observation 7	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 Wake-Up signaling is left to the SI on UE power saving.
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