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1	Introduction
The SID [1] defines the power saving objectives and use cases specific requirements as: 
Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g., delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]
Use case specific requirements mentioned in the SID: 
· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric, e.g., UL heavy traffic) for all use cases, and the device is stationary. The battery should last at least a few years. For safety-related sensors, latency requirement is lower, 5-10 ms (TR 22.804)

· Wearables: Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL and peak bit rate of the device higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink. Battery of the device should last multiple days (up to 1-2 weeks).

Discussions on NR RedCap Power Saving enhancement started in RAN2 #111e [2], and the following agreements were made:
Agreements:
· RAN2 study eDRX mechanism for both RRC_IDLE and RRC_INACTIVE in this SI. ‎
· For RRC_INACTIVE, the DRX cycle is extended to 10.24s as baseline. 

Agreements:
· For RRC_IDLE, the DRX cycle is at least extended to 10.24s. FFS on further extension ‎beyond 10.24s. 
· For RRC_IDLE and/or RRC_INACTIVE, if the NR DRX cycle range is extended beyond 10.24s, the LTE ‎eDRX mechanism beyond 10.24s (e.g., PTW, PH, etc.) is used as baseline when NR eDRX cycle is configured beyond 10.24s. 

FFS:
· For RRC_IDLE and/or RRC_INACTIVE, FFS on baseline mechanism when the configured NR eDRX cycle is less or equal to 10.24s.

[bookmark: _Hlk54254843]For RRM relaxation, the following agreements were made:
Agreements:
· For power saving, for now RAN2 studies extended DRX for idle and inactive modes and RRM relaxation for stationary RedCap devices, and input to be provided to TR 38.875. 
· Depending on RAN1 input, discussion is expected at least on the following impacts on RAN2 procedures:
	a.	Impact on cell (re)selection
	b.	Impact on initial access
	c.	Impact on other idle mode procedures (i.e. SI acquisition, paging)
FFS:
· Whether reduction of upper layer capabilities should be considered is FFS (in any case no email discussion until the next meeting on this)

There is an ongoing email discussion with the aim to summarize and conclude issues above, which will be presented in the coming meeting. In this contribution, we provide an analysis of the potential power gain for RedCap devices. The results can then be further used in making decisions of the feasible length of the eDRX cycle for Redcap devices. Also, we provide further input regarding the specification impacts of eDRX longer than 10.24s in RRC_IDLE and RRC_INACTIVE states. Finally, we present some discussion and evaluations of power consumption related to RRM relaxation.
2 	Analysis of UE power saving with eDRX 
2.1	Assumptions
To evaluate the power saving functionality for RedCap, we used assumptions based on the agreements made in RAN1 WG1 meeting#101e and #102e [footnoteRef:2] [2]. We considered the power saving model described in TR 38.840 section 8 [4]. In line with the agreements in [2], we considered 20 MHz bandwidth in FR1. We assumed half-duplex RedCap devices that have 1 TX and 2 RX antennas with one MIMO layer in UL where MCS 0 is considered for MSG3 and MSG4. We assumed that the RedCap device is powered with 2 AA batteries (capacity is about 2x2000mAh depending on size current discharge) where self-discharging is negligible. It is assumed that the PDCCH monitoring periodicity is 1 ms, as defined in [4]. No power consumption due to RRM measurements was considered in the evaluation. Also, no coverage recovery is considered in the evaluation. We assumed the SSB synchronization time, i.e. if the sleep between two wakeup periods is extensively long, so there should be some power consumption accounted for to synchronize. We have taken an optimistic approach in determining the SSB period, MIB and SIB acquisition times, and average synchronization time, assuming the power consumption defined in 8.1.1 and 8.1.3 of TR 38.840 [4] for SSB based synchronization tracking. We considered the packet inter-arrival time to model data traffic generation as agreed in [2]. In addition to the IAT specified in [2], we have also evaluated battery lifetime for a number of IATs. The Inter-arrival rate is considered for uplink traffic. The rest of the assumptions are listed in Table 1 (see Appendix). [2:  see Appendix for the details of the agreements] 

2.2	Results
The evaluation results are shown in figure 1. Figure 1 shows the battery lifetime gain for different eDRX cycles and different inter-arrival times. The inter-arrival time in this figure is represented in the order of minutes. If one looks at the inter-arrival time of 1 min, when the eDRX cycle goes beyond 64 min, further extension of the eDRX cycle lengths does not significantly increase the lifetime. It is worth to note that the length of the eDRX cycle extension gain largely depends on the packet inter-arrival time. The IAT above 300 minutes also has nominal battery lifetime gain. Looking at the result, regardless of the payload’s inter-arrival time, one can see that with a DRX cycle up to 10.24s a battery lifetime of around 6 to 8 months can be achieved for a device in RRC_IDLE. With an eDRX cycle above 10.24s, RRC_INACTIVE has 25% higher gain than the RRC_IDLE state due to the reduced signalling load between gNB and UE. It is worth to note that the presented power saving gains may be optimistic due to the simplistic assumptions made during the evaluation.

[image: ]
Figure 1. RedCap UE battery lifetime in RRC_INACTIVE and RRC_IDLE state.

In the SID use case with Industrial Wireless Sensor Network (IWSN), the UE battery is expected to last at least a few years. From our result, one can see that eDRX longer than 10.24s is required to have a UE battery life of “at least a few years” for both RRC_IDLE and RRC_INACTIVE cases. Based on the results, we recommend RAN2 to extend the eDRX cycle for both RRC_IDLE and RRC_INACTIVE beyond 10.24 seconds.
[bookmark: _Toc54305950]eDRX longer than 10.24s is required to have UE battery life of “at least a few years” in accordance with the SID.
[bookmark: _Toc54293876][bookmark: _Toc54305951]eDRX cycle length up to 64 minutes (1.06 hours) for both RRC_INACTIVE and RRC_IDLE shows notable battery lifetime gain from the performance evaluation perspective.

[bookmark: _Toc54305963]RAN2 should capture the results and analysis of eDRX for RRC_IDLE and RRC_INACTIVE in TR 38.875 to help with making recommendations on the details.
2.3 	Analysis
2.3.1 	Length of extension for eDRX in RRC_IDLE
From the results we can see that it is reasonable to extend the eDRX duty cycle to 64 minutes (1.06 hours). In LTE a 10-bit H-SFN is defined in SI for eDRX. If we adopt the LTE-M mechanism for NR then the H-SFN signalling in SIB1 limits the eDRX cycle length to 10845.76 seconds or 2.91 hours, see table 1.
Following agreement was made in RAN2#111-e,
· For RRC_IDLE and/or RRC_INACTIVE, if the NR DRX cycle range is extended beyond 10.24s, the LTE ‎eDRX mechanism beyond 10.24s (e.g., PTW, PH, etc.) is used as baseline when NR eDRX cycle is configured beyond 10.24s. 

Table1: SFN and H-SFN bit mapping
	Name
	Range
	Synchronization Method
	Max Time in sec

	SFN
	0~1023
	MIB(PBCH)r
	10.24

	H-SFN
	0~1023
	SIB1
	10485.76
(=2.91 hour)


Hence, it is likely to introduce 10 H-SFN bits for NR RedCap as well. In this case, even if the exact use cases would be fine with eDRX extension up to 64 minutes. Unless there is a good technical reason, we should not limit the configuration possibility.
[bookmark: _Toc54305952]The DRX cycle length for RRC_IDLE could be extended up to 10845.76 seconds or 2.91 hours if 10-bit H-SFN is provided in SI and there is no good technical reason to limit the configuration possibility.

[bookmark: _Toc54305964]The DRX cycle length for RRC_IDLE should be extended beyond 10.24 seconds.

2.3.2 	Length of extension for eDRX in RRC_INACTIVE
During the state transition RRC_INACTIVE state can reduce control signalling by 57%~63% compared to RRC_IDLE. In case the state transition occurs in a new gNB with in an assigned paging area then there is ~88% lower signalling cost with RRC_INACTIVE compared to RRC_IDLE [9]. On top of that introducing eDRX in RRC_INACTIVE state can be very effective from battery lifetime perspective. As currently specified, RRC_INACTIVE with short DRX cycle cannot be considered as a good state if the UE wants to save power e.g., for some RedCap use cases such as IWSN. Moreover, the eDRX cycle length extension for RRC_INACTIVE beyond 10.24s may bring value for other WIs such as Small data enhancement and future WIs like LPWAN in NR. Hence, we should support the extension of the DRX cycle for RRC_INACTIVE mode.
Table2: RRC_INACTIVE battery life gain in different use cases.
	Use case
	Mean IAT
	Payload Size
	RRC_IDLE Battery Lifetime gain above 10.24s
	RRC_INACTIVE Battery lifetime gain above 10.24s 

	Video Surveillance
	≤1s
	250 Bytes
	up to 3.5%
	up to 7%

	Wearables
	≤2s
	72 Bytes
	up to 7%
	up to 16%

	Industrial Wireless Sensor
	100ms
	72 Bytes
	up to 0.38%
	up to 1%

	
	1 min
	
	up to 180%
	up to 297%

	
	5 min
	
	up to 340%
	up to 419%



Table 2 illustrates the battery life gain in RRC_IDLE and RRC_INACTIVE state, with 2 mins eDRX cycle compared to 10.24s eDRX, for the RedCap SID defined used cases and agreed traffic model [2]. As shown in the table the battery life gain for eDRX above 10.24s in RRC_INACTIVE shows significant gain compared to RRC_INACTIVE with same eDRX cycle. For instance, in IWSN case, if we increase the IAT to 1 min up to 65% battery lifetime gain is possible in RRC_INACTIVE in comparison of RRC_IDLE with eDRX beyond 10.24s. Additionally, please note that IAT increment to 5 min also shows significantly better battery life gain in RRC_INACTIVE compared to RRC_IDLE.
[bookmark: _Toc54293879][bookmark: _Toc54305953]eDRX cycle length longer than 10.24s would make INACTIVE a power saving state, beneficial both to RedCap and in general use, e.g., for Small Data Transmission in Rel-17.
[bookmark: _Toc54305954]The study suggests that we need to extend the DRX cycle length above 10.24s for both RRC_IDLE and RRC_INACTIVE to achieve at least two years of battery life.

[bookmark: _Toc54305965]The DRX cycle length for RRC_INACTIVE should be extended beyond 10.24 seconds.


3	Analysis of specification impacts 
3.1 	eDRX in RRC_IDLE
In Rel-16, for LTE/LTE-M and NB-IoT connected to 5GC, when eDRX is used in RRC_IDLE, the DRX cycle is extended up to 2621.44 seconds (43.69 minutes) for LTE-M and up to 10485.76 seconds (2.91 hours) for NB-IoT. In Rel-15/16 of TS 23.501, up to 10.24s DRX cycle for CM_CONNECTED with RRC_INACTIVE and CM_IDLE with RRC_IDLE states is supported for LTE-M and NB-IoT. The 5GC specifications in Rel-16 do not support eDRX for NR as there has not been any need to support such IoT use cases, which require paging cycles above 10.24s.
Thus, in Rel-16, eDRX is already supported for LTE-M and NB-IoT connected to 5GC. AMF informs ng-NB about the eDRX information, which includes eDRX cycle and PTW length in a paging message. Adopting LTE principles should require some modifications in RAN2 specifications, e.g., in TS 38.304, and 38.331, but the changes would be as similar as we already have specified for LTE. Also, limited impact is expected from CT1/SA2 perspective as well.
3.1.1 	eDRX less than10.24s
NR supports DRX cycles up to 2.56s in RRC_IDLE. In LTE and LTE-M, when the eDRX cycle is configured below 10.24s, the UE monitors paging occasions (PO) every interim period based on the eDRX cycle. Increasing the DRX cycle up to 10.24s with periodic paging cycle should be straight forward by adopting the LTE principles.
3.1.2 	eDRX up to and above 10.24s 
In LTE, the Paging Hyperframes (PH) value can be computed at all UEs, RANs and AMFs without need for signalling. It is assumed in the specifications [8] that all the H-SFNs of all ng-RAN nodes and AMFs should be loosely synchronized. So, we can adopt LTE Paging Hyperframes (PH) as defined in 36.300 and 36.304 to NR RAN. Further details, e.g. if some details need to be changed, can be checked during stage-3 work.
Additionally, the gNB requires similar assistance information from the AMF in an N2 paging notification as defined for ECM_IDLE. The AMF can use the adopted formula defined in 36.304 to determine the PH as well as the beginning of the PTW. The AMF sends the S1 paging request just before the occurrence of the start of PTW or during PTW to avoid storing paging messages in RAN.
One key difference of NR and LTE is the definition of PO. In LTE, a PO is a subframe where PDCCH or MPDCCH may be transmitted scrambled with P-RNTI or, NPDCCH transmitted for NB-IoT, scheduling the paging message. Whereas, in NR TS 38.304, a PO is a set of PDCCH monitoring occasions and can consist of multiple time slots (e.g., subframe or OFDM symbol). As the PO in LTE and NR have different paging capacity, RAN2 should study the possibility and impact of short PTW in NR where the PTW length is shorter than 1.28s.
[bookmark: _Toc54305966]Due to the difference in PO defined in LTE and NR, RAN2 should study the possibility and impact of short PTW length in NR.
3.2 	eDRX in RRC_INACTIVE
3.2.1 	eDRX up to 10.24s
UE in RRC_INACTIVE monitors the shortest paging cycle of CN-initiated paging (either cell default cycle or UE-specific cycle) and RAN-initiated paging. 
NR already supports a DRX cycle in RRC_INACTIVE up to 2.56s. In Rel-16, eDRX up to 10.24s in CM-CONNECTED with RRC-INACTIVE state is supported for LTE and LTE-M connected to 5GC. So, increasing the DRX cycle up to 10.24s with periodic paging cycle requires similar modifications as for LTE in specifications TS 38.304, and 38.331. For RRC_INACTIVE, RedCap UEs keep monitoring RAN paging POs periodically based on RAN paging cycle. In the current NR specifications, the RAN paging cycle has the same maximum range as the default paging cycle and should be extended to 10.24s.
[bookmark: _Toc54305955]DRX up to 10.24s in CM-CONNECTED with RRC-INACTIVE state is supported for LTE and LTE-M connected to 5GC.

Figure 2 shows an example of the paging with the existing mechanism for LTE-M/LTE connected to 5GC when idle mode eDRX has been configured along with RAN paging cycle of 5.12s. The UE monitors for CN-initiated paging inside a PTW and RAN-initiated paging outside of the PTW.
[image: A picture containing text

Description automatically generated]
Figure 2: Example of paging in RRC_INACTIVE state.
3.2.2 	eDRX above 10.24s 
If it is agreed to introduce eDRX above 10.24s in RRC_INACTIVE state, CN and RAN should share one DRX cycle and a shared PTW for paging as illustrated in Figure 3. 
In existing specification, RAN is aware about the CN configured DRX cycle and PTW length as AMF shares the information via RAN assistance information. Hence, RAN can reuse the formula in section 7 of 36.304 to share the CN configured DRX, PH and PTW. During the RRCRelease, RAN can use SuspendConfig to instruct the UE to share the CN configured DRX cycle. So, introducing PH and PTW does have limited impact on RAN specifications like adopting the PH and H-SFN to configure the PTW for RAN paging as well. 
[image: ]
Figure 3: Shared PTW for RAN and CN paging.

[bookmark: _Toc54293889][bookmark: _Toc54305967]If RRC_INACTIVE with eDRX above 10.24s is agreed, consider using shared PTW for RAN- and CN-initiated paging.
4	RRM Relaxation for stationary devices
4.1 	Description of feature
RRM measurements on serving and neighbour cells are performed by the device irrespective of RRC state to ensure that the UE can be served by a cell. This ensures efficient use of network resources since all access attempts by the device occur towards a cell with acceptable link quality. Configuration of RRM measurements for a device is quite flexible. Typically, the UE is configured to perform measurements, with a specific period, on other cells within coverage (of the device).
[bookmark: _Toc54305956]RRM measurements are performed by the device state to ensure that the UE can be served by a cell. The measurements contribute to UE energy consumption.
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Figure 4. Relative power consumption for eMBB NR device [8].
 
It has been widely observed that RRM measurements in RRC_IDLE consume a large fraction of UE power. Figure 4 shows the power consumption distribution for an NR UE with eMBB traffic with Rel-16 baseline. The bar shows the relative power consumption for each state/UE activity. In this case, the device is engaged in idle mode activity and deep sleep during 27% of the time. RedCap UEs are expected to spend more time in RRC_IDLE/INACTIVE given the expected traffic types [1]. Despite this, most of the power is consumed in RRC_CONNECTED, where PDCCH monitoring is very power consuming. In the agreed power consumption models, the relative power consumption in when monitoring PDCCH (this includes PO) is a factor 100 higher than deep sleep. For RRC_IDLE/INACTIVE DRX (PDCCH) monitoring is the most power consuming activity. Thus, reducing the number of RRM measurements is one way to reduce UE power consumption.
4.1.1	Stationary UE
According to the RedCap SID one power saving objective is “RRM relaxation for stationary UEs”, i.e. stationary is explicitly mentioned. In previous work concerning RRM relaxation, e.g., for NB-IoT/LTE-M and NR Rel-16, the concept of stationary UE has been discussed. However, the conclusion from the discussions, the devices may be slowly moving or stationary for periods of time during which the measurement results do not change significantly. This means that instead of defining a situation where the UE is stationary (fixed geo-position, or fixed relative to base station, or somewhat stationary, etc.) the agreed (e.g., Rel-16 specification) conditions specify when a UE is allowed to use relaxed RRM measurements.
In principle the device measures the difference between Srxlev_ref and Srxlev and then compares this difference to a configured threshold. From the measurement the device can determine whether it fulfils a criterion for low mobility, a criterion for not-at-cell-edge or a criterion for both. Depending on if the device fulfils any or all of the criteria the amount of relaxation is set differently. These criteria provide many levels of RRM measurement relaxation. 
The agreed criteria for when relaxation may be applied for Rel-16 NR devices are summarized in in Clauses 5.2.4.9.1 and 5.2.4.9.2 in TS 38.304, see example excerpt:

	5.2.4.9.1	Relaxed measurement criterion for UE with low mobility

The relaxed measurement criterion for UE with low mobility is fulfilled when:
-	(SrxlevRef – Srxlev) < SSearchDeltaP,
Where:
-	Srxlev = current Srxlev value of the serving cell (dB).
-	SrxlevRef = reference Srxlev value of the serving cell (dB), set as follows:
-	After selecting or reselecting a new cell, or
-	If (Srxlev - SrxlevRef) > 0, or
-	If the relaxed measurement criterion has not been met for TSearchDeltaP:
-	The UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell.




[bookmark: _Toc54293912][bookmark: _Toc54305957]The current specifications define conditions for when the UE may relax RRM measurements. Conditions comprise whether the device fulfils a criterion for low mobility, a criterion for not-at-cell-edge or a criterion for both.
There are cases, where it is possible to know that the UE is stationary, such as a NB-IoT metering device is fixed to a wall. Assuming that there is trustworthy subscription information, there is CN information available that can forward such information to RAN (in TS 23.501). Such information can probably only be forwarded from RAN to the device when the device is RRC_CONNECTED. Assuming that the device has some way of knowing that it is “stationary”, according to the AMF information, RAN would still need to check whether this is true when configuring the relaxed measurements.
[bookmark: _Toc501716381]“5.4.6.2	Core Network assisted RAN parameters tuning
Core Network assisted RAN parameters tuning aids the RAN to minimize the UE state transitions and achieve optimum network behaviour. How the RAN uses the CN assistance information is not defined in this specification.
[…]
-	"Expected UE mobility", i.e. whether the UE is expected to be stationary or mobile. This may be derived e.g., from the statistical information or Expected UE Behaviour or from subscription information;
-	"Expected UE moving trajectory" which may be derived e.g., from the statistical information or Expected UE Behaviour or from subscription information.
“
A RedCap device is expected to be used over a wider range of mobility patterns and will most likely not compete with the abovementioned NB-IoT meter. Hence, the AMF information could possibly be useful although the primary rule should be what is mentioned in the Rel-16 specifications.
[bookmark: _Toc54305958]The expected usage of RedCap devices makes it unlikely that RedCap devices are geographically stationary and thus there may be little use of the configuration “stationary” using the AMF-parameters.
[bookmark: _Toc54305968]Use the existing measurement criteria in clause 5.2.4.9.1 and 5.2.4.9.2 in TS 38.304 to determine mobility state for RedCap devices when configuring RRM relaxation.
4.1.2	IDLE/INACTIVE RRM relaxation 
[bookmark: _Hlk528791964]Generally, devices in a system are configured to perform RRM measurements periodically, using search criteria that ensure robust operation regardless of the device mobility state. The measurement schedule for slow-moving devices may, for example, be relaxed by the NW when the NW can reliably establish that the UE is not in a high-mobility state. The measurement rate or related parameters should always be controlled and configured by the NW.
The RRM measurements to be performed by the UE in NR includes both cell level and beam level measurements for serving cells and the neighbor cells in serving frequencies. RRC_IDLE/INACTIVE NR UEs are required to perform the RRM measurements for the serving cell every DRX cycle. Based on the serving cell qualities and the criteria defined in Clause 5.2.4.2 (introduced in Release 15) in TS 38.304, the UE assesses whether to perform RRM measurement for the neighboring cells:
Based on the criteria for mobility in Rel-16 specifications, the network can configure the amount of relaxation to the UE. In general, if the device fulfils one criterion “UE may choose to perform relaxed measurements with longer intervals.” If the device fulfils both criteria, i.e. low mobility and not on cell edge, and is configured with both “UE can stop intra-frequency measurement with a maximum measurement time interval of 1 hour.” The 
Rel-16 measurement rules are given in Clause 5.2.4.9.0 TS 38.304.
[bookmark: _Toc54293948]
[bookmark: _Toc54305959]The measurement rules given in Clause 5.2.4.9.0 TS 38.304 (Rel-16) states how much RRM relaxation a device in RRC_IDLE/INACTIVE is allowed; rules that can also be used for configuring RRM relaxation for RedCap devices.
4.1.3	Connected state relaxation
Given the expected use cases for RedCap, it is unlikely that RedCap devices stay for long periods of time in RRC_CONNECTED. Hence, it makes sense to focus ideas for reducing power consumption on RRC_IDLE/INACTIVE. Since the RRC_CONNECTED power consumption for RedCap devices may already be reduced significantly through other means, e.g., lower supported bandwidth, perhaps investigations on RRC_CONNECTED relaxation can have lower priority for RedCap devices. For connected mode, also RedCap devices can rely on general NR device power saving, such as reducing the number of cell searches or number of cells to measure on. Thus, any proposals that are provided for NR in general can be evaluated also for RedCap.

[bookmark: _Toc54293950][bookmark: _Toc54305960]Given the proposed use cases for RedCap devices it seems the devices will be IDLE or INACTIVE most of the time, thus power consumption improvements for those states should be prioritized.
4.2	Analysis of UE power saving
Figure 5 shows how the average device power consumption is reduced with increased interval between RRM measurements on neighbour cells. The power calculation is performed with the model in TR 38.840. At some point in time the effect of further Increase of the interval between measurements is insignificant. The red dashed line in Figure 5 at one hour represents the condition where a device, which is not at cell edge and low mobility, may skip measurements for an hour. Note that even before an interval of one hour) the power consumption has almost reached its minimum. It is likely that the shape of the curve is not affected by UE’s RRC state, however, the Rel-16 functionality mentioned only refers to a device in RRC_IDLE or RRC_INACTIVE.
[bookmark: _Toc54305961]RRM relaxation of neighbor cell measurements (RRC_IDLE/INACTIVE devices) can reduce power consumption significantly. 
[bookmark: _Toc54305962]Power consumption is close to its minimum before reaching the limit (of one hour) defined in specifications for NR Rel-16.

[bookmark: _Toc54305969]Consider adding the evaluation of power consumption and serving cell relaxation in this contribution to the TR.
[image: A picture containing graphical user interface
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Figure 5. Effect of relaxation on average power consumption.
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	4/4	
Conclusion
In the previous sections we made the following observations: 
Observation 1	eDRX longer than 10.24s is required to have UE battery life of “at least a few years” in accordance with the SID.
Observation 2	eDRX cycle length up to 64 minutes (1.06 hours) for both RRC_INACTIVE and RRC_IDLE shows notable battery lifetime gain from the performance evaluation perspective.
Observation 3	The DRX cycle length for RRC_IDLE could be extended up to 10845.76 seconds or 2.91 hours if 10-bit H-SFN is provided in SI and there is no good technical reason to limit the configuration possibility.
Observation 4	eDRX cycle length longer than 10.24s would make INACTIVE a power saving state, beneficial both to RedCap and in general use, e.g., for Small Data Transmission in Rel-17.
Observation 5	The study suggests that we need to extend the DRX cycle length above 10.24s for both RRC_IDLE and RRC_INACTIVE to achieve at least two years of battery life.
Observation 6	DRX up to 10.24s in CM-CONNECTED with RRC-INACTIVE state is supported for LTE and LTE-M connected to 5GC.
Observation 7	RRM measurements are performed by the device state to ensure that the UE can be served by a cell. The measurements contribute to UE energy consumption.
Observation 8	The current specifications define conditions for when the UE may relax RRM measurements. Conditions comprise whether the device fulfils a criterion for low mobility, a criterion for not-at-cell-edge or a criterion for both.
Observation 9	The expected usage of RedCap devices makes it unlikely that RedCap devices are geographically stationary and thus there may be little use of the configuration “stationary” using the AMF-parameters.
Observation 10	The measurement rules given in Clause 5.2.4.9.0 TS 38.304 (Rel-16) states how much RRM relaxation a device in RRC_IDLE/INACTIVE is allowed; rules that can also be used for configuring RRM relaxation for RedCap devices.
Observation 11	Given the proposed use cases for RedCap devices it seems the devices will be IDLE or INACTIVE most of the time, thus power consumption improvements for those states should be prioritized.
Observation 12	RRM relaxation of neighbor cell measurements (RRC_IDLE/INACTIVE devices) can reduce power consumption significantly.
Observation 13	Power consumption is close to its minimum before reaching the limit (of one hour) defined in specifications for NR Rel-16.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 should capture the results and analysis of eDRX for RRC_IDLE and RRC_INACTIVE in TR 38.875 to help with making recommendations on the details.
Proposal 2	The DRX cycle length for RRC_IDLE should be extended beyond 10.24 seconds.
Proposal 3	The DRX cycle length for RRC_INACTIVE should be extended beyond 10.24 seconds.
Proposal 4	Due to the difference in PO defined in LTE and NR, RAN2 should study the possibility and impact of short PTW length in NR.
Proposal 5	If RRC_INACTIVE with eDRX above 10.24s is agreed, consider using shared PTW for RAN- and CN-initiated paging.
Proposal 6	Use the existing measurement criteria in clause 5.2.4.9.1 and 5.2.4.9.2 in TS 38.304 to determine mobility state for RedCap devices when configuring RRM relaxation.
Proposal 7	Consider adding the evaluation of power consumption and serving cell relaxation in this contribution to the TR.
 
[bookmark: _In-sequence_SDU_delivery]References
[1]. RP-201677, Revised SID on Study on support of reduced capability NR devices, RAN #89e, electronic Meeting, September 14 - 18, 2020.
[2]. RP-201676, Study on support of reduced capability NR devices, Status Report to TSG, September 14-18,2020.
[3]. R2-2008130, Reducing power consumption in RedCap devices, RAN#111e, electronic Meeting, August 17th – 28th 2020.
[4]. [bookmark: _Ref54305279]TR 38.840, Study on User Equipment (UE) power saving in NR
[5]. TS 23.501
[6]. TS 36.300
[7]. [bookmark: _Ref54258009]R2-2008569 Summary of RRM relaxation behaviors. 3GPP TSG-RAN WG2 Meeting #111-e
[8]. [bookmark: _Ref54257443]R1-2006667 High-level UE energy consumption profiling. 3GPP TSG RAN WG1 #103-e
[9]. Hailu, Sofonias, Mikko Saily, and Olav Tirkkonen. "RRC State handling for 5G." IEEE Communications Magazine 57.1 (2018): 106-113.
Appendix 
In WG1 Meeting#101e and Meeting # 102e [2], RAN1 made the following agreements related to study of UE power saving:
· Reuse the power consumption models and scaling factors for FR1 and FR2 provided in TR 38.840 (sections 8.1.1, 8.1.2, 8.1.3) as appropriate.
· For evaluation of UE power saving, for wearables, use the traffic models FTP model 3 and VoIP from TR 38.840 to characterize the wearables service types including IM, VoIP, heartbeat, etc. with proper modification of at least packet size and mean inter-arrival time.
· For evaluation of UE power saving, for industrial wireless sensor use cases, use a traffic model based on the service performance requirements for the process monitoring use case in TS 22.104 Table 5.2-2. At least 64 bytes UL message (plus headers, e.g. MAC, RLC, etc.) transmitted periodically with a periodicity 100 ms should be considered (other values are encouraged).

Table 1: Simulation Assumptions
	Parameters
	Values

	Deep Sleep Power
	.8* (Relative power)

	Light Sleep Power
	18 *(Relative power)

	RX Power
	280* (Relative power)

	TX Power
	700*(23 dBm)

	Deep Sleep Transition time
	20 ms

	Light Sleep Transition time
	6 ms

	Battery Capacity (2AA)
	2Ah

	Data Inter arrival time
	1.28s to300 minute

	UL data size
	80 Bytes

	DL data size
	0 Bytes

	UL TBS
	123 Bytes

	PRACH Duration
	4 symbol

	RAR Duration
	10 symbol

	Msg3 Duration
	14 symbol

	Msg4 Duration
	14 symbol

	RRC Release Duration
	14 symbol

	SSB Synchronisation time
	25 ms


 *In the study unit relative power is assumed to 8mW
**Transmission Time Window (TTI)
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