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1 Introduction

At the RAN#97 meeting, an updated SID for Low Power Wake-up Signal and Receiver was approved including the following objectives [1].


	The study item includes the following objectives:
· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
· Other use cases are not precluded
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary.
-	




At RAN2#121bis e- meeting, the first meeting to start discussing Low Power Wake-up Signal and Receiver, the following agreements were made [2]:

· Aim to do every Q: Collect RAN2 text proposals in a single document during the following meeting(s) and send the document to RAN1 as the input to the TR 38.869.
· Confirm that we follow R1 and include RRC idle/inactive/connected.
· 
· Ultra-deep-sleep = R2 understands for now that this is a power saving state (introduced by R1) to denote a state when the Main Receiver (MR) may sleep/turn off.
· In scope: Use LPWUS with Idle / Inactive UE camping with reception of paging and other necessary transmissions (from serving cell), reusing if possible/reasonable concepts from earlier releases, where the LPWUS either wakes the UE to receive by MR, or it conveys information by itself, or both.

At RAN2#122 meeting, the following agreements were made [3]: 

RAN2 expect that different coverage LR/MR may have RAN2 impact, e.g. UE need to stop using LP WUS when moving out of LR coverage, other aspects FFS. What to cover (if anything) in TS 38.304 is FFS.
For UE in RRC_IDLE/RRC_INACTIVE state, it is FFS to what extent the network is or need to be aware of which receiver the UE uses MR/LR or both (for paging reception etc). A potential drawback of not knowing could be increased LP WUS load, a potential drawback of awareness is increased signalling. 
RAN2 assumes that UE uses LP WUS when pre-configured condition(s) are fulfilled. 
(Other control methods not precluded)
RAN2 assumes that using subgrouping for LP-WUS could be beneficial to reduce false alarms rate (depend on L1 capacity to carry payload). 

At RAN2#123 meeting [4], the following agreements were made related to Idle Inactive mode:

Proposal 1. Entry/exit condition(s) of using LP-WUS is configured in SIB. 
Proposal 2: FFS via RRC dedicated signaling, e.g. by RRC release.
Proposal 3: Entry condition(s) of using LP-WUS include at least good serving cell quality, e.g. the serving cell quality measurement on LR and/or serving cell quality measurement on MR is better than configured threshold(s) in SIB. Other condition(s) is not precluded/FFS.  
Proposal 4: UE stops using LP-WUS when exit condition(s) configured in SIB is fulfilled. The exit condition(s) includes at least out of coverage of LP signaling, e.g. the serving cell quality measured by LR is less than the configured threshold in SIB, FFS on measurement on MR.
Proposal 5: FFS the serving cell quality measurement on LR is based on LP-SS and/or SSB (pending RAN1 decision).
Proposal 6: After waking up by a LP-WUS, capture the below solutions in the TR:
Alt 1.1: UE could monitor paging DCI/paging;
Alt 1.2: UE could monitor PEI, if configured and supported; FFS details on using LP-WUS and PEI together, e.g. subgrouping
FFS Alt 2: UE could perform random access directly, FFS on whether and what condition/requirement is needed. R2 assumes that this require that LP-WUS includes UE_ID or equivalent. (Depends on LP-WUS capacity to carry information)
Proposal 7: For Alt.1 above, after waking up by a LP-WUS, RAN2 assumes the baseline is the UE monitors the legacy PO. 
Proposal 8-1: RAN2 consider the subgrouping methods for LP-WUS (if supported) includes the CN assigned and/or UE_ID based subgrouping, which are similar to the PEI subgrouping methods. Details determined during WI phase. 
Proposal 8-2: The number of subgroups depends on the decision on payload of LP-WUS in RAN1.
Proposal 11: Capture the below pros/cons in the TR on whether there is necessarity for the network to be aware of whether an idle/inactive UE is monitoring LP-WUS or not. Details to be updated during TR drafting. 
Baseline (for further update): 
	
	Network knows whether UE monitors LR or MR
	Network does not know whether UE monitors LR or MR

	Pros
	Reduce Uu resource consumption:
NW only sends LP-WUS when the target UE is monitors LP-WUS;

Lower false wake-up rate:
When LP-WUS is not sent, the other UE monitoring LP-WUS, which is in the same group with the target paging UE, will not be waken up as a result of false wake up.
	Since the UE needs not to inform the NW whether its MR is monitoring or not, the 
signalling overhead, Uu resource consumption, UE power consumption caused by MR state report does not exist.


	Cons
	More signalling overhead:
UE needs to inform the NW when it starts/stops monitoring with MR.

Uu resource consumption caused by more signalling overhead.

More UE power consumption caused by more signalling overhead.
	More Uu resource consumption：NW always send LP-WUS signal given it always assume the target UE is monitoring the LP-WUS.

More alarm rate of LP-WUS: in case the target UE is not monitoring LP-WUS, the other UE(monitoring the same LP-WUS as the target UE) will be waken up.



Proposal 12: For UE in RRC_IDLE/RRC_INACTIVE state, FFS on whether there is need for the network to be aware of whether the UE is monitoring LP-WUS or not.
[bookmark: OLE_LINK142][bookmark: OLE_LINK135][bookmark: OLE_LINK137]Proposal 14-1: R2 assumes In ultra-deep-sleep, RRM measurement on serving cell via MR is relaxed (may include no measurement) if RRM measurement on LR is feasible/supported. FFS on the details, e.g. how to relax, in which condition,. 
Proposal 14-2: R2 assumes In ultra-deep-sleep, RRM measurement on neighboring cell via MR is relaxed (may include no measurement) if RRM measurement on LR is feasible/supported. FFS on the details, e.g. how to relax, in which condition,.
Proposal 15: FFS: RRM measurement for neighboring cell by LR as well as corresponding cell (re-) selection.
Proposal 18: FFS to what extent UE maintains valid SI in case UE’s MR is in ultra-deep sleep state.  
Proposal 19: R2 assumes that the Network may have the need to wake up UE by LP-WUS from ultra-deep sleep whenever there is ETWS/CMAS information etc, applicability to SI change notification FFS

At RAN2#123bis [5], no discussion nor agreements took place, though in the subsequent email discussion [6], the following aspects have been discussed though related to Idle/Inactive mode.

· Issue 1 How to progress network awareness of LP-WUS monitoring in idle/inactive mode?
· Issue 2: How to progress the extent UE maintains valid SI in case UE’s MR is in ultra-deep sleep state?
· Issue 3: How to progress whether include SI change notification and/or ETWS/CMAS in LP-WUS?
· 

In this contribution, we discuss our view on some RAN2 related aspects related to, LP-SS, Coverage, Network awareness, Mobility, Latency and the new Ultra-deep sleep state/mode.

2 Discussions on RAN2 aspects for LP-WUS/WUR in RRC Idle/Inactive
Several agreements have been made in RAN2 covering e.g., paging monitoring, subgrouping using LP-WUS/WUR. Furthermore, agreements have been made, but still on high level and with outstanding questions to discuss, in the areas of, Low-Power-Reference Signal, Coverage, Network awareness, Mobility and Cell reselection, Latency and Ultra deep sleep.

2.1 Low-power Synchronization Signal (LP-SS)

Using the LP-WUR to do serving cell measurements may, depending on the design of the radio, require a new Low-power Synchronization Signal (LP-SS) which the LP-WUR can use to synchronize, detect and measure on.

· The gNBs periodically broadcast a LP-SS which can be decoded by a LP-WUR. This signal needs to be designed to have the same characteristics as the LP-WUS, i.e., has a lower complexity than the existing reference and synchronization signals. One proposal for the ultra-low power signal is that it has a very simple modulation and coding technique. It can be a PN sequence modulated by on-off keying modulation and for instance Manchester coding or spreading and can be decoded by a simple receiver, for instance consisting of an envelope detector and a correlator. Both LP-SS and LP-WUS considered in this section are designed with the above design characteristics.
· Time and frequency allocation:
· The LP-SS is accommodated in certain frequency resources with a BW in the range of 2 to 5 MHz which is smaller than the maximum bandwidth of a legacy RedCap UE or a legacy eMBB UE. It is allocated within the same BWP as the LP-WUS is accommodated. The BWP for transmission of LP-RS and LP-WUS can be a part of initial BWP or can be a BWP dedicated for LP-RS and LP-WUS transmission.
· The LP-SS periodicity is configurable and can be configured to have the same periodicity as the SSB periodicity. Its transmission, as shown in Figure 1, is however with some certain delay, , from the start of the SSB transmission. 
[image: ]
Figure 1 - LP-RS and its relation to SSB transmission
The time delay  is selected long enough to be able to accommodate LP-WUS and a transition time for a main radio to wake-up. With this configuration both latency for waking up a device and UE power consumption are reduced.

To introduce a new LP-SS would mainly impact RAN1, but also RAN4.

Proposal 1: Introduce a new low-power reference signal (LP-RS) designed and dedicated for measurement and synchronization purposes.

2.2 Coverage: 
During paging monitoring, the UE is also performing RRM measurements. A UE supporting LP-WUR may be mobile/moving and the UE needs to continuously perform measurement at least to decide whether it is in the coverage of LP-WUS. Even if the UE would be stationary, regular measurements are still needed, since the serving cell could be temporarily blocked, but a suitable neighbour cell is available.

Observation 1: the UE needs to continuously perform measurement at least to decide whether it is in the coverage of LP-WUS.

RAN2 made the assumption that if the MR and LR have different coverage, this would impact RAN2. This would imply that the UE needs to stop using LP-WUR when moving out of LR coverage based on entry/exit criteria.

Proposal 2: The LR should not be required to have the same coverage as MR.

2.3 Network awareness:

The question is to what extent the network needs to be aware of whether the UE is actually able to use the LP-WUR or not. If the UE could be moving in and out from the LP-WUS coverage area, without the gNB/network being aware of the change of coverage status, the gNB / network would not have knowledge of whether the LP-WUS is usable or not.

Observation 2: If the UE could be moving in and out from the LP-WUS coverage area, without the gNB/network being aware of the change of coverage status, the gNB / network would not have knowledge of whether the LP-WUS is usable or not.

So, further discussion is needed on whether the network needs to be informed when the UE is moving between inside and outside LP-WUS coverage.

We think that the entry and exit criteria can only be evaluated by the UE, hence the network is not aware of whether the UE is able to use LR or not to detect LP-WUS. Some mechanism would be needed to inform the network about the UE status. Such information would though require the Main Radio, MR, to be woken up. When the LR is out of coverage, the MR has to be woken up anyway, and from the Network point of view it will anyway try to reach the UE using legacy paging. But depending on the validity area, (the area in which a certain LP-WUS configuration is valid) the UE may have to inform the network it has changed validity area (since the LP-WUS configuration or availability of LP-WUS may change). 

This has been discussed in relation to issue 1 above [6].

Observation 3: Waking up Main Radio to inform network about change of LP-WUS coverage may require extra signalling. 

Proposal 3: Further discussion is needed on whether the network needs to be informed when the UE is moving between inside and outside LP-WUS coverage.

2.4 Mobility and Cell reselection:(RRM)

In order to extend the usage of the LP-SS, not only synchronization and measurements on serving cell are beneficial, but it would be beneficial to also be able to perform measurements for cell reselection, otherwise the UE (with mobility), even if it is equipped with an extra LP-WUR, needs to turn on its main radio to perform cell re-selection evaluation every time it evaluates the cell reselection criteria, and it may also have to receive relevant system information, every time it moves to a new cell. This makes the power saving resulting from using LP-WUR, even if LP-SS is introduced, limited (especially for UE´s that are not stationary). We, therefore, think there is a need to also support cell re-selection for UEs with LP-WUR.

RAN1, has discussed the usage of Low power synchronization or Refence signal for performing RRM measurements to allow for mobility and cell reselection purposes.

Proposal 4: RAN2 to discuss the usage of LP-SS also for mobility and cell reselection purposes.

2.5 Latency (duty-cycled vs always on)
When operating based on a duty-cycled scheme, the average communication delay from when data is available at the gNB until paging/data is correctly received by the UE depends on the sleep duration in the duty-cycle length, contributing error events such as false-alarm or miss-detection, and the transition time before the main receiver is ready for PDCCH reception.

The average communication delay in the LP-WUS/WUR scheme would be longer than the baseline scheme, i.e., Rel. 15/Rel. 16 scheme, if both are configured with the same duty-cycle length to fulfill a certain delay requirement. This is since the main radio goes to ultra-deep sleep state to further save power and therefore a longer transition time is needed to wake-up the main radio from ultra-deep sleep.

To address this, the operation of the LP-WUR can be configured as an adaptive operation where the LP-WUR can be adaptively operated according to a duty-cycled or an always-on scheme.

Observation 4 The long transition time to wake-up the main radio from ultra-deep sleep state together with the sleep time of the duty-cycle can prevent some UEs from meeting the delay requirement.

There have been discussions in RAN1 and some agreements related to duty cycles for LP-WUR. This should be further clarified in a work item phase, but RAN2 aspects can still be discussed.

Proposal 5 – Support an adaptive configuration where the UE, depending on its delay requirement, can operate based on an always-on or a duty-cycle scheme.

2.6 Ultra-deep sleep
RAN2 has concluded the following: “Ultra-deep-sleep = R2 understands for now that this is a power saving state (introduced by R1) to denote a state when the Main Receiver (MR) may sleep/turn off
RAN1 has agreed on ultra-deep sleep, but RAN2 has not discussed how it will affect the RRC state machine and to what extent the RAN and CN networks are aware of or have the understanding of any Ultra-deep sleep state/mode where the Main Radio (MR) is turned off. Basically, it would be similar as UE power save state or MICO mode, which has been introduced before.

Proposal 6: RAN2 to discuss if/how the Ultra deep sleep state/mode will affect the RRC state machine and to what extent the RAN and CN networks are aware of this new state/mode and what signaling that may be affected.

In [6] (Issue 3) it was also discussed to what extent the UE needs to maintain valid SI in case the MR is in ultra deep sleep. In our view it would depend on the use case, i.e., if the device is dependent on e.g. PWS information or not. Many devices using LR may be sensors or tracking devices that are not dependent on PWS information. This could be controlled via UE capability and UE configuration.

Proposal 7. Define UE capability to control the need to monitor SI change update for PWS information.

3 Summary
In this contribution, we have discussed our views on aspects related to LP-SS, Coverage, Network awareness, Mobility, Latency and Ultra-deep sleep state/mode.

LP-SS:

Proposal 1: Introduce a new low-power reference signal (LP-RS) designed and dedicated for measurement and synchronization purposes.

Coverage:

Observation 1: the UE needs to continuously perform measurement at least to decide whether it is in the coverage of LP-WUS.

Proposal 2: The LR should not be required to have the same coverage as MR.,

Network awareness:

Observation 2: If the UE could be moving in and out from the LP-WUS coverage area, without the gNB/network being aware of the change of coverage status, the gNB / network would not have knowledge of whether the LP-WUS is usable or not.

Observation 3: Waking up Main Radio to inform network about change of LP-WUS coverage may require extra signalling. 

Proposal 3: Further discussion is needed on whether the network needs to be informed when the UE is moving between inside and outside LP-WUS coverage.

Mobility:
Proposal 4: RAN2 to discuss the usage of LP-SS also for mobility and cell reselection purpose.

Latency:
Observation 4 The long transition time to wake-up the main radio from ultra-deep sleep state together with the sleep time of the duty-cycle can prevent some UEs from meeting the delay requirement.

Proposal 5 – Support an adaptive configuration where the UE, depending on its delay requirement, can operate based on an always-on or a duty-cycle scheme.

Ultra deep sleep:
Proposal 6: RAN2 to discuss if/how the Ultra deep sleep state/mode will affect the RRC state machine and to what extent the RAN and CN networks are aware of this new state/mode and what signaling that may be affected.

Proposal 7. Define UE capability to control the need to monitor SI change update for PWS information.
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