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Introduction
A study item on the feasibility of using NR in unlicensed band is in progress in RAN1 [1]. In RAN1#93, the following agreement was reached regarding DL frame structure [2]:
Agreement:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 
· UE power saving
· Improved coexistence
· Spatial reuse at least within the same operator network 
· Serving cell transmission burst acquisition
· FFS: further usage scenarios

In RAN1#94, the following discussion point arose during feature-lead discussions on DL signals and channels [3]:

Proposal:
Refine the RAN1#93 agreement as follows:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated. Study which signal(s) as part of a DL TXOP serves/improves one or more of the following
· Serving cell transmission burst acquisition
· E.g. for AGC/AFC
· Serving cell DL transmission identification
· UE power saving
· Improved coexistence
· Spatial reuse at least within the same operator network
· FFS: further usage scenarios
Note: To be discussed if such a signal is present in all DL TXOPs or only in parts
· Candidates
· Existing NR signal(s) with potential enhancements, e.g.
· PSS/SSS
· Based on WiFi 802.11a preamble
· Other signal(s)

No further progress was made on the UE power saving aspect in RAN1#94BIS. In this contribution, we examine the role of an initial signal in UE power saving.

Initial Signal and Power Saving 

Power Saving Aspects
In order to assess the applicability of power saving using an initial signal (whether NR-U-based or 802.11a), it is necessary to take a holistic approach and consider all power saving aspects together. For a NR-U UE, the following are the major contributors to power consumption:
· UL data/control/RS transmissions
· Monitoring and decoding attempts of DL control channels from serving cell(s)
· Wideband sensing for CCA/LBT
· Serving cell(s) CSI measurements and RLM
· Monitoring other cells for RRM measurements 

The first factor, i.e., energy expenditure due to UL transmissions, is only indirectly impacted by the initial signal in so far as any potential reduction in retransmissions due to improved coexistence. 
The second factor triggered considerable discussion regarding the use of the initial signal to reduce blind PDCCH decoding attempts. One candidate solution is different PDCCH monitoring patterns in different parts of a COT or outside a COT, for example, more frequent monitoring outside the COT and less frequent inside. Detecting the start of the COT via the initial signal can trigger the required change in monitoring. For this to occur, the initial signal should indicate the serving cell ID and duration of the COT. However, using PDCCH to indicate this information is counter-productive since UEs will simply switch to blind decoding attempts of this (new) DCI Format. The 802.11a preamble can be used to at least indicate the COT duration. In addition, either the preamble spare and fixed bits would have to be modified to indicate additional RAT/PCI information, or the 802.11a preamble can be accompanied by PSS/SSS to form the initial signal. Finally, note that the SI on UE power saving is also investigating solutions on indication to change PDCCH monitoring behavior, e.g., to monitor, to skip, to adapt to different PDCCH parameters.

Proposal 1: To reduce PDCCH blind decoding attempts, 802.11a preamble can be used to at least indicate the start of a COT and its duration. In addition, either the preamble spare and fixed bits may be modified to indicate additional RAT/PCI information, or the 802.11a preamble can be accompanied by PSS/SSS to form the initial signal.

Next, consider the impact of CCA and LBT. There is a misconception that NR-U UL transmissions will mostly be scheduled, and that not much time needs to be spent on CCA attempts since they occur just before the UL is transmitted. There are a number of UL transmissions that are not pre-scheduled and require frequent CCA monitoring, such as:
· PRACH for initial access/timing realignment
· Scheduling request
· Opportunistic HARQ/CSI feedback outside of COT
· AUL PUSCH
· Periodic SRS (if supported)
The periodicity and time-domain opportunities for the above transmissions can be very frequent by configuration, for e.g., slot-level periodicity for SR and AUL. 
Observation 1: NR-U UEs can potentially spend considerable amounts of time on CCA sensing even if AUL PUSCH is not considered.
For this reason, the indication of on-going channel occupancy via the initial signal will benefit UE power saving by allowing the UE to skip CCA attempts until the channel becomes idle again. This capability is inherent with the 802.11a preamble. 
Proposal 2: 802.11a preamble-based initial signal can reduce UE power saving due to frequent CCA monitoring by indicating on-going COT.

Finally, serving cell and RRM measurements in NR-U will be based on SSB or CSI-RS contained in the DRS or DRS multiplexed with unicast data, for the most part. Similar to the second factor, quick identification of the cell transmitting DRS is beneficial, which can already be achieved with current DRS, or if the 802.11a initial signal is augmented with RAT/PCI as described previously. Note that the SI on UE power saving is also investigating solutions for RRM measurement power savings.

Summary
In this contribution we examined the role of a NR-U initial signal in UE power saving. The following observations and proposals ensued.
Proposal 1: To reduce PDCCH blind decoding attempts, 802.11a preamble can be used to at least indicate the start of a COT and its duration. In addition, either the preamble spare and fixed bits may be modified to indicate additional RAT/PCI information, or the 802.11a preamble can be accompanied by PSS/SSS to form the initial signal.
Observation 1: NR-U UEs can potentially spend considerable amounts of time on CCA sensing even if AUL PUSCH is not considered.
Proposal 2: 802.11a preamble-based initial signal can reduce UE power saving due to frequent CCA monitoring by indicating on-going COT.

Reference
[1] RP-170828, New SID on NR-based Access to Unlicensed Spectrum, 3GPP TSG RAN Meeting #75, Qualcomm, March, 2017
[2] [bookmark: _Ref521482840]Chairman’s Notes, RAN1#93, Busan.
[3] [bookmark: _Ref525569111]R1-1809822, Feature lead summary for NR-U DL Signals and Channels, Motorola Mobility, Lenovo


