3GPP TSG-RAN WG2 Meeting#103bis	 					  R2-1814327
Chengdu, China, 8 October – 12 October 2018               (resubmission of R2-1811920)

Source:	Panasonic
Title:                       DRX Procedure for NR-U
Agenda Item:         11.2.1.2	
Document for:	Discussion and Decision
1 [bookmark: _GoBack]Introduction
NR-based Access to Unlicensed Spectrum study item has been agreed and the work has been already started. RAN2#102 meeting, it was agreed the following list of scenario for NR-U. Furthermore it was agreed to use NR licensed design as a baseline for NR-U.
Agreements
1:	The scope of RAN2 study include the same deployment scenarios agreed for RAN1 evaluation, namely NR-U LAA, NR-U SA, ENU-DC, NNU-DC as well as an NR cell with DL in unlicensed band and UL in licensed band.
2	NR-U will use NR licensed design as baseline for the study of CA (for NR-U LAA case), SA, and DC (both EN-DC and NR-DC). This means we need to understand what changes are needed compared to the baseline to make unlicensed operation work.
3:	Support of asynchronous networks for will be addressed in the study (excluding the NR-U LAA case). 
4:	Changes needed to configured grants should be studied.
5:	Multiple beam operation and related procedures should be studied.
6:	RAN2 will also consider all the bands included in RAN1 study.

During the email discussion, most of companies indicated MAC area of focus including HARQ, LCP, SR/BSR and DRX. With this consideration, this contribution is discussing the impact of the uncertainty of the channel availability on the unlicensed cell on the DRX operation for NR-U.
2 Discussion
In order to provide reasonable battery consumption of UE, LTE as well as NR provides a concept of discontinuous reception (DRX). DRX functionality can be configured for an RRC_CONNECTED UE so that UE does not always need to monitor the downlink channels. A DRX cycle consists of on-duration during which the UE monitors the PDCCH. It is a duration in downlink subframe that the UE waits for, after waking up from DRX, to receive PDCCHs. If UE successfully decodes a PDCCH, the UE stays awake and starts the “Inactivity timer”, defining the duration in downlink subframes that the UE monitors the following PDCCH. When UE fails to decode a PDCCH during the on- duration it goes off until the next on-duration. The UE restarts the inactivity timer following a single successful decoding of a PDCCH for a first transmission only (i.e. this does not apply to retransmission).
However, the difference to the NR-U is that due to the LBT mechanism there is no guarantee that the channel on the unlicensed cell is always available for for gNB to schedule the UE at the exact moment. In addition, even if CCA succeed, the gNB can only be occupying the channel for the limited time duration due to the requirement on the limited maximum transmission duration given by the regulations. This has also certain impacts to the DRX operation which need to be considered.
For an example as shown in figure 1, gNB doesn’t schedule any DL data due to the LBT failure at the current on- duration. As a result gNB will possibly schedule DL data transmission at the next UE’s on-duration which increases delay in the reception of the DL data.



Figure 1: Normal on-duration in DRX cycle
In order to address this issue (i.e receive faster DL data), one possibility could be the UE must be kept for a longer time in the on-duration as shown in figure 2 to ensure that the UE is active when next opportunity on the unlicensed cell occurs. By allowing the longer on-duration period, gNB has a more chance to access the channel on the unlicensed cell (i.e., scheduling a DL transmission after successful CCA). However, there is no such guarantee that gNB can always succeed with CCA even if on-duration period is long. Hence, this may obviously increase the overall power consumption of the UE in particulate for the DRX operation where on-duration period is long. 
Observation: DRX operation for NR-U will come at the cost of increased UE power consumption or increased data access latency due to the uncertainty of the channel availability on an unlicensed cell.



Figure 2: Longer on-duration in DRX cycle

Another possibility could be the UE keeps the normal on-duration period and monitors its PDCCH. If UE doesn’t detect any signal coming from its serving cell before expiration of on-duration, it will go to off period and switch to the short DRX cycle (or similar type of the short cycle) to speed up PDCCH reception as shown in figure 3. UE will remain in short DRX cycle until it detects the signal from the serving cell.  Upon detecting the signal from the serving cell and receiving no PDCCH, UE will go to off period and switch to the long DRX cycle. An advantage of this option is that the UE can receive PDCCH reception faster since it doesn’t has to wait until the next on-duration of the long DRX cycle. 
Proposal 1: UE switches to the short DRX cycle if it doesn’t detect any signal from the serving cell during the on-duration. 
Proposal 2: UE will remain in short DRX cycle until it detects some signal from the serving cell.



Figure 3: Switch to Short DRX
The second option can be further improved by shifting UE’s on-duration as shown in figure 4. When serving cell succeed with CCA, the serving cell transmits the signal indicating the channel occupation of the serving cell. The signal could be certain kind of on/off channel or PDCCH in common or dedicated search space. As shown in figure 4, Wake up time consists of two parts. In the first part UE monitors the signal indicating the channel occupation of serving cell. . In the second part UE monitors PDCCH for data assignment. Once UE detects the signal indicating the channel occupation of serving cell afterward, UE starts to elapse the DRX on-duration to monitor PDCCH for data assignment. This option can be beneficial for UE as well as gNB. Form UE perspective, it has more chance to receive DL data in the current DRX cycle whereas from gNB perspective it provides more flexibility to schedule DL data in the current DRX cycle. 


Figure 4: Shifted on-duration in DRX cycle
Proposal 3: UE will elapse the DRX on-duration only when the serving cell succeed with CCA.
3 Conclusions
In this contribution, we discussed LBT impact on DRX procedure. Additionally, we ask RAN2 to discuss the following observation and proposals: 
Observation: DRX operation for NR-U will come at the cost of increased UE power consumption or increased data access latency due to the uncertainty of the channel availability on an unlicensed cell.
Proposal 1: UE switches to the short DRX cycle if it doesn’t detect any signal from the serving cell during the on-duration. 
Proposal 2: UE will remain in short DRX cycle until it detects some signal from the serving cell.
Proposal 3: UE will elapse the DRX on-duration only when the serving cell succeed with CCA.
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