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Introduction
[bookmark: _Hlk510705081]The release 17 work item [1] on UE power saving includes the following objective1. Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a. Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100 meeting
b. Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required

In this contribution assumptions relevant to the objective 1a are discussed. 
Discussion
Evaluation assumptions
To study paging enhancements the paging rate per UE needs to be assumed. A NR UE is assigned specific paging occasions (PO) to monitor if the paging DCI, scrambled with the P-RNTI, is transmitted on the PDCCH. Since multiple UEs may share the same PO the paging rate depends on the paging probability p per UE and the number of UEs n per PO. The UEs, which successfully detect the P-RNTI in the paging DCI, but do not find a paging message in the following PDSCH are subject to the “unnecessary UE paging reception” of objective 1a.
In TR 38.840 [2] the group paging rate was set to 10 %. Paging outcome is a binomial random variable

Where  and i is the number of objects from the set n.
Paging occurs when at least 1 UE is paged

For a paging propability p=1% the group paging rate of 10 % can be achieved for UEs n=10. If a higher number of UEs are assigned to the same paging occasion the group paging rate increases, which likewise will increase the unnecessary paging of the UEs that are not scheduled with a paging message. 
Proposal: RAN1 to define the paging probability p=1 % and number of UEs per PO n=10 for evaluation of objective 1a.
In addition to defining the paging from probabilistic perspective, the time-wise paging configuration also needs to be defined. In [2] the idle-mode DRX cycle was set to 1.28 s. 
Proposal: RAN1 to define the idle-mode DRX cycle to 1.28 s for evaluation of objective 1a.
In order to monitor for paging the UE may need to synchronize with the network beforehand. Depending on radio conditions the UE may need to receive one or more SSBs prior to the PO, and this will impact the energy saving potential. This also depends on the SSB periodicity which in [2] was assumed to be 20 ms. Using also 20ms SSB periodicity for the evalutions would seem justified. Also, in terms of RRM measurements it was assumed that full SSB ‘burst’ length is assumed e.g. 2ms SMTC window for FR1. 
Proposal: RAN1 to define the SSBs periodicity to 20 ms for evaluation of objective 1a.
Additional aspect to be considered would be the relation of SSBs and PO in time domain. Hence it would need to be defined how the paging search space is determined. There are basic approaches how to set the paging search space. One is to use ‘dedicated’ search space configuration (pagingSearchSpace≠0) giving more flexibility to define the paging monitoring. Alternative approach is to re-use the Type0-PDCCH CSS i.e. share the search space with SIB1 (pagingSearchSpace=0). In latter case, there are different search space configuration options, based on selected SSB and CORESET (#0) multiplexing pattern options. If multiplexing pattern 1 is used, the SSB and Type0-PDCCH CSS are basically time multiplexed. Use of dedicated or multiplexing pattern1 are the only options for FR1. For FR2, with multiplexing pattern 2 and 3, the paging is basically multiplexed within the SSB ‘burst’. This provides efficiency in terms of beam sweep operation and the paging monitoring would occur in conjunction with SSB monitoring.
Hence, two baseline scenarios for evaluation of the power consumption of paging monitoring could be envisioned; one where paging monitoring occurs in different slots compared to SSBs (FR1 mainly) and other where the paging monitoring and SSB reception can be done simultaneously (FR2 only).
Observation: There are two baseline scenarios for paging monitoring power consumption evaluation; where paging monitoring can occur simultaneously with SSB reception (FR2 only) and where these occur in different slots (FR1 mainly).
In the case when SSB and paging monitoring occur in different slots, the offset would need to be determined. The start of each PO can be adjusted in relation of the Paging Frame (firstPDCCH-MonitoringOccasionOfPO), allowing flexiple placement of the PO. Naturally in case the Type0-PDCCH CSS is used, the PO configuration needs to match the CSS, but in case of dedicated paging search space configuration, the start of the PO in PF can be shifted. If the network aims to do power efficient configuration, it would seem beneficial that the PO’s are placed in close proximity of the SSB’s so that UE can receive both in the same wake-up. As the SSB sweep is contained within 5ms, the PO could start in the following half-frame. Alernatively the PO/PF could be placed further from the SSB to give room for other signal. From network power consumption perspective, it is of course more efficient if broadcast signals such as SSBs, paging and SIB1 can be placed in close proximity of each other. To consider both scenarios, more power optimized system configuration and system configuration where broadcast signals are separated it would be beneficial to consider both cases; where PO starts in the next half-frame after the SSBs and where PO is in between the SSBs. 
Proposal: In terms of PO time locations, consider two configurations; where PO starts in the next half-frame after the SSBs and where PO is in between the SSBs.
When considering the number of ‘wake-ups’ needed for synchronization (if more than one SSB is needed) it would need to determined also the purpose of the additional SSB samples. I.e. whether the purpose of the measurements is to maintain (time and) frequency synchornisation to the gNB, or whether for example AGC adjustment process or some channel estimation related operations are to be accounted. It would seem that frequency synchronisation is the most critical of these, thus it would seem simplest to consider it as the driving requirement when setting the need for SSB samples.
Also it should be discussed whether number of SSB samples are taken from separate SSB ‘burst’ of whether more SSB samples can be taken from same burst. Samples from other than ‘serving beam’ could be used to maintain the frequency synchronization, assuming that they are received at sufficient level. Corespondingly, as (intra-frequency) neigbouring cells have same absolute centre frequency with certain accuracy (e.g. ±0.05ppm as per TS38.104), neigbour cell measurements could be used to adjust the frequency synchronisation. For UEs at cell edge, the samples from neigbouring cell beams could be used as they are in any case monitored. In addition, as the scope of the objective 1b is to specify means to provide IDLE/Inactive UEs with information regarding the possible RS transmitted for Connected mode UEs, these could also be considerd when the need of additional enhancements is evaluated.
Observation: When determining the number of wake-ups for synchronisation to establish the power consumption, different sources for SSB samples would need to be accounted.  
Proposal: RAN1 to define the number of SSB samples required for synchronization prior to PO for evaluation of objective 1a.
In addition to monitor for paging, the UE also needs to monitor one or more cells’ received power/quality to determine whether cell reselection is needed. Such intra- and inter-frequency monitoring may be relaxed, according to TS 38.304, depending on the received power/quality of the serving cell. However, to establish a proper baseline it is important to agree on the assumptions on neighbor cell measurements. The technical report [2] contains a number of different configurations, provided by the participating companies, and a power model for intra- and inter-frequency measurements.
Proposal: RAN1 to define the number of intra- and inter-frequency cells for measurements and cell search.
In [2] a UE power consumption model was defined. The values were provided for a 100 MHz bandwidth reference configuration, but paging may be confined to 20 MHz or less. Therefore, relevant power consumption states must be scaled according to the bandwidth scaling model:


Table 1 provides the scaled power consumption states. Note that sleep state powers do not scale with bandwidth, i.e. they remain 1, 20, and 45 for deep, light, and micro sleep, respectively. Furthermore, the related transition times are not expected to change.
[bookmark: _Ref44589000]Table 1 Power consumption for 20 MHz bandwidth, FR1.
	Power state
	Relative power

	PDCCH-only (same-slot scheduling)
	50

	PDCCH+PDSCH
	120

	SSB processing (serving cell)
	50



The power model also defines RRM states, e.g. intra- and inter-frequency cell measurements and search. However, it is explicitly stated that the bandwidth scaling model does not apply.
Proposal: RAN1 to define power consumption values for intra- and inter-frequency neighbor cell measurements and cell search for 20 MHz bandwidth for evaluation of objective 1a.
For the power consumption for the paging monitoring, power consumption for transition from sleep state to active state (and back) would need to be considered based for example on the timelines presented in [2]

Mechanisms to enhance the power consumption of paging monitoring
For mechanism to reduce the power consumption in paging monitoring, different approaches could be considered.
In the context of Reduced Capability UEs related enhancements study [3], approach of applying extended DRX for RRC Inactive and/or Idle is being considered. This could also be considered for the “non-reduced capability UEs” to achieve lower power consumption e.g. in IDLE if user traffic related latency requirement would allow it.
Observation: Applying extended DRX for RRC Inactive and/or Idle could be considered to reduce the paging monitoring power consumption.
Other approach, introduced for LTE NB-IoT and enhanced coverage devices would be to consider WUS-type of indication to trigger the actual paging monitoring. The power reduction mechanism in this kind of approach would be based on the option to reduce UE wake-ups e.g. by multiplexing a paging indication with SSBs, UEs could combine paging monitoring with SSB related measurements/monitoring. As noted in previous section, for FR2 this is basically achievable through the use of Type0-PDCCH CSS and multiplexing pattern 2 or 3. This kind of approach could be evaluated at least to FR1 to understand the achievable benefits with different assumptions. 
Observation: Possible merits of paging monitoring triggering channel/signal to reduce paging monitoring power consumption through reduced wake-up’s could be evaluated.
Additional mechanism, also discussed in past, would be the reduce the paging false alarm i.e. unneccesary paging message receptions. Thus introducing a mechanism that would allow UE to determine whether the paging message is intended to it, or reduce the probability of unneccesary paging message reception could be evaluated for potential power saving. As the power consumption is expected to be dominated by the transitions in between sleep states (due to wake-ups) it would seem natural to consider this in conjunction of the paging monitoring triggering signal, if such is considered. 
[bookmark: _GoBack]Observation: Method to reduce the unnecessary paging message reception could be evaluated for power saving.

Conclusion
In contribution we have discussed about aspects related to the Rel-17 UE power saving WID objective 1a. For related evaluation assumptions we made following observations and conclusions:
Proposal: RAN1 to define the paging probability p=1 % and number of UEs per PO n=10 for evaluation of objective 1a.
Proposal: RAN1 to define the idle-mode DRX cycle to 1.28 s for evaluation of objective 1a.
Proposal: RAN1 to define the SSBs periodicity to 20 ms for evaluation of objective 1a.
Observation: There are two baseline scenarios for paging monitoring power consumption evaluation; where paging monitoring can occur simultaneously with SSB reception (FR2 only) and where these occur in different slots (FR1 mainly).
Proposal: In terms of PO time locations, consider two configurations; where PO starts in the next half-frame after the SSBs and where PO is in between the SSBs.
Observation: When determining the number of wake-ups for synchronisation to establish the power consumption, different sources for SSB samples would need to be accounted.  
Proposal: RAN1 to define the number of SSB samples required for synchronization prior to PO for evaluation of objective 1a.
Proposal: RAN1 to define the number of intra- and inter-frequency cells for measurements and cell search.
Proposal: RAN1 to define power consumption values for intra- and inter-frequency neighbor cell measurements and cell search for 20 MHz bandwidth for evaluation of objective 1a.
In Section 2.2 we made some observations on the possible mechnisms to enhance paging monitoring power consumption:-
Observation: Applying extended DRX for RRC Inactive and/or Idle could be considered to reduce the paging monitoring power consumption.
Observation: Possible merits of paging monitoring triggering channel/signal to reduce paging monitoring power consumption through reduced wake-up’s could be evaluated.
Observation: Method to reduce the unnecessary paging message reception could be evaluated for power saving.
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