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1 Introduction
In RAN#86 meeting, a new SID was agreed to study reduced UE capability in Rel-17 for industrial wireless sensor, video surveillance, and wearables scenarios. Extended DRX for RRC_INACTIVE and RRC_IDLE is included in the scope for UE power saving and battery lifetime enhancement as follows:
	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]


In this contribution, we discuss eDRX mechanism for RRC_INACTIVE and RRC_IDLE for REDCAP UE in NR.
2 Discussion
2.1 Use case or scenario discussion
According to the SID, the objective uses cases of REDCAP UE includes industrial wireless sensor, video Surveillance, and wearables. In TR 22.832, the service performance requirements of industry sensors are summarized and the following table shows some requirement related to power consumption.
Table 1 Industrial wireless sensors service performance requirements

	Use case
	Transfer interval
	Bit rate

[bits/s]
	Battery lifetime [year]

(note 1)
	Direction
	Message

Size

[byte]
	Survival time
	UE speed

	1
	100 ms – 60 s
	≤ 1 M
	≥5
	Mobile originated
	20

(note 3)
	3 x transfer interval
	Stationary

	2
	≤ 1 s
	≤ 200 k
	≥5
	Mobile originated
	25 k
	3 x transfer interval
	Stationary

	3
	≤ 1 s
	≤ 2 M
	≥5
	Mobile originated
	250 k
	3 x transfer interval
	Stationary


As shown in this figure, industry sensor has long battery lifetime requirement and its traffic direction is mainly mobile originated with the maximum transfer interval of 1s. For wearables, the battery of the device should last multiple days as described in the SID. Due to the small battery size of wearables, they have strong power saving requirements. As for video surveillance, no special battery lifetime requirement is described in TR 22.804. Considering the fact that video surveillance is powered by grid usually, their power saving requirement is not very strong.
Observation 1: the requirement of the power saving and battery lifetime enhancement is from industrial wireless sensors and wearables.

According to Table 1, the traffic transfer interval is less than 1s. Generally, industrial wireless sensor will have to be stay in RRC_CONNECTED. However, due to their small UL packet size usually, they could be released to Non-RRC_CONNECTED (including RRC_IDLE/RRC_INACTIVE UE) to perform small data transmission after Rel-17 small data WID is finished. For wearables, the traffic pattern is similar to eMBB except the data rate and they will stay in Non-RRC_CONNNECTED when they have no traffic. 

The power in Non-RRC_CONNECTED is mainly used to monitor PDCCH of paging, receive possible PDSCH of paging, and RRM measurement for cell reselection. The frequency of monitoring paging PDCCH depends on the length of DRX period. UE receives paging PDSCH only when the PDCCH indicates there exists a paging message. The probablity of paging message occurring is related to the size of TA area and the traffic load in this TA area. The RRM measurement for cell reselection includes two parts: serving cell RRM measurement and neighbouring cell RRM measurement. RAN4 define the serving cell measurement requirement and it is related to UE’s DRX period. Generally, the longer DRX period means lower power consumption of serving cell measurement. As for the power consumption of neighbouring cell measurement, it is related to UE’s mobility. According to [1], increasing the paging DRX cycle to e.g. 10.24sec and 81.92sec provide a reduction in relative power consumption of around 10% and 30% compared to DRX cycle of 2.56sec, which implies the extended DRX with longer cycle could provide reasonable power consumption gains. In a word, the larger DRX period has large positive impact on UE power consumption in Non-RRC_CONNECTED. 
Observation 2: the larger DRX period has large positive impact on UE power consumption in Non-RRC_CONNECTED.

Extended DRX mechanism was introduced for RRC_IDLE in LTE, MTC and NB-IoT and extended DRX mechanism was introduced for RRC_INACTIVE in Rel-16 eMTC. The extended DRX period means that UE could enter deep sleep for a longer time if its downlink traffic latency requirement can be satisfied.  Therefore, we think we should study eDRX mechanism for both RRC_IDLE and RRC_INACTIVE to achieve the power saving for industry wireless sensors and wearables. 
Proposal 1: Study eDRX mechanism for both RRC_IDLE and RRC_INACTIVE. 
2.2 eDRX mechanism for NR
In LTE (also including MTC and NB-IoT), the UE and the network may negotiate over non-access stratum signalling the use of extended idle mode DRX for reducing its power consumption, while being available for mobile terminating data and/or network originated procedures within a certain delay dependent on the DRX cycle value. In order to negotiate the use of extended idle mode DRX, the UE requests extended idle mode DRX parameters during attach procedure and RAU/TAU procedure. The MME may reject or accept the UE request for enabling extended idle mode DRX. If the MME accepts the extended idle mode DRX, the MME based on operator policies and, if available, the extended idle mode DRX cycle length value in the subscription data from the HSS, may also provide different values of the extended idle mode DRX parameters than what was requested by the UE. If the MME accepts the use of extended idle mode DRX, the UE applies extended idle mode DRX based on the received extended idle mode DRX parameters. If the UE does not receive extended idle mode DRX parameters in the relevant accept message because the MME rejected its request or because the request was received by a MME not supporting extended idle mode DRX. When CN needs to reach this UE, the MME includes the extended idle mode DRX cycle length in paging message to assist the eNodeB in paging the UE. This procedure is shown in the following figure.
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Figure 1 eDRX procedure for RRC_IDLE UE in LTE
Furthermore, eDRX mechanism is introduced for RRC_INACTIVE UE in Rel-16 for eMTC connected to 5GC. AMF provide UE specific extended idle mode DRX values (cycle length and Paging Time Window length) to ng-eNB during N2 activation (e.g. initial UE context setup, path switch, etc) and the eNB decides UE specific inactive eDRX parameters when the eNB intends to release this UE to RRC_INACTIVE state. When anchor node needs to page this UE, it will send paging message including its decided inactive eDRX parameters to all nodes in the corresponding RNA area.
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Figure 2 eDRX mechanism for RRC_INACTIVE in Rel-16
The procedure of eDRX mechanism for RRC_IDLE state or RRC_INACTIVE state in LTE makes sense in NR. Therefore, it is proposed that the procedure of eDRX mechanism in LTE could be used as baseline of NR eDRX mechanism.
Proposal 2: the procedure of eDRX mechanism in LTE could be used as baseline of NR eDRX mechanism.
· Idle mode eDRX parameter is negotiated by UE and AMF;

· gNB decides UE’s inactive eDRX parameters based on the negotiated eDRX parameters

· Include idle eDRX parameters and inactive eDRX parameters in CN PAGING MESSAGE and RNA PAGING MESSAGE respectively.

For WB-E-UTRAN, the extended idle mode DRX value range will consist of values starting from 5.12s (i.e. 5.12s, 10.24s, 20.48s, etc.) up to a maximum of 2621.44s (almost 44 min). For NB-IoT, the extended idle mode DRX value range will start from 20.48s (i.e. 20.48s, 40.96s, 81.92, etc.) up to a maximum of 10485.76s (almost 3 hours).  The length of DRX period has impact on the latency of DL traffic. For industry wireless sensor, its traffic pattern is mainly mobile originated. Hence, it is not sensitive to the DL traffic latency. For wearables, it may have voice traffic and then the length of eDRX period cannot be set to a very long value. Considering the power saving target and traffic scenario described in SID, the maximum of 2621.44s (almost 44 min) may be enough for RRC_IDLE REDCAP UE, which is aligned with MTC. Therefore, it is proposed to consider the maximum value of 2621.44s (almost 44 min) eDRX period as start point for RRC_IDLE state.
Proposal 3: Consider the maximum value of 2621.44s (almost 44 min) eDRX period for RRC_IDLE state as a starting point.

For UE in CM-CONNECTED mode with RRC_INACTIVE, the impacts of eDRX on CN should be considered. The value of eDRX period has impact on NAS signalling transmission in CM-CONNECTED. As specified in 5GS for Rel-15, the smallest NAS retransmission timer is 6s and the maximum retransmission times is 4. To avoid the failure of the procedure, the response from UE in eDRX should be given within 30s after initial transmission. Considering all potential factors, the longest eDRX period without impacting 5GC is set to 10.24s for RRC_INACTIVE eMTC UE in Rel-16. This means that UE has to be into RRC_IDLE if it wants significant paging monitoring power saving. RRC_INACTIVE state could help UE to reduce CP latency and improve the small data transmission efficiency after Rel-17 small data is available. To avoid the awkward situation where UE only can choose one of power saving gain or RRC_INACTIVE gain, it is valuable to study the possibility of introducing longer eDRX period for RRC_INACTIVE state (exceeding 10.24s).
Proposal 4: Study the possibility of introducing longer eDRX period for RRC_INACTIVE state (exceeding 10.24s).

Extended DRX in Idle mode is already supported in EPC and for eMTC connected to 5GC and is illustrated in the figure below, by introducing PH and PTW.
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Figure 3 The illustration of PH and PTW
Proposal 5: Reuse existing DRX mechanism (based or PH and PTW) for RRC_IDLE in NR if it is agreed to support eDRX cycle larger than 10.24. 
If it is agreed to introduce eDRX period exceeding 10.24s for RRC_INACTIVE, it could be considered to use a similar PH mechanism. In current Rel-16 eDRX mechanism for RRC_INACTIVE, there is no use of a paging time window because of the short interval before the next PO when eDRX period is relatively small. If it is agreed to introduce eDRX period exceeding 10.24s for RRC_INACTIVE, it should be studied whether to introduce PTW mechanism or not for RRC_INACTIVE. 
Proposal 6: Study whether to introduce PTW mechanism or not for RRC_INACTIVE if it is agreed to introduce eDRX period exceeding 10.24s for RRC_INACTIVE.
In non-eDRX scenario, when the network changes (some of the) system information, it first notifies the UEs about this change, i.e. this may be done throughout a modification period. In the next modification period, the network transmits the updated system information. The length of modification period equals modificationPeriodCoeff *defaultPagingCycle and the maximum value of modificationPeriodCoeff is 4. When eDRX mechanism is introduced in NR, the eDRX period may be larger than the SI modification period. Then, UE may miss the SI change notification. In LTE, an additional SI modification indication for eDRX and an eDRX acquisition period were introduced. A UE in RRC_IDLE that is configured to use a DRX cycle longer than the modification period, and receives at least one Paging message including the systemInfoModification-eDRX, shall acquire the updated system information at the next eDRX acquisition period boundary. Then, it is proposed to study SI acquisition enhancement mechanism in NR after eDRX mechanism is introduced.
Proposal 7: Study SI acquisition enhancement mechanism in NR after eDRX mechanism is introduced. 
After eDRX mechanism is introduced in NR, it has an impact on the measurement requirement of serving cell and neighbouring cell. Hence, it is proposed to involve RAN4 in the WID after REDCAP study item finishes and eDRX is agreed to be specified.
Proposal 8: Involve RAN4 in the WID after REDCAP study item finishes and eDRX is agreed to be specified.
3 Conclusion

In this contribution, we discussed eDRX mechanism for RRC_INACTIVE and RRC_IDLE for REDCAP UE in NR and have the following observations and proposals:

Observation 1: the requirement of the power saving and battery lifetime enhancement is from industrial wireless sensors and wearables.
Observation 2: the larger DRX period has large positive impact on UE power consumption in Non-RRC_CONNECTED.

Proposal 1: Study eDRX mechanism for both RRC_IDLE and RRC_INACTIVE. 
Proposal 2: the procedure of eDRX mechanism in LTE could be used as baseline of NR eDRX mechanism.
· Idle mode eDRX parameter is negotiated by UE and AMF;

· gNB decides UE’s inactive eDRX parameters based on the negotiated eDRX parameters

· Include idle eDRX parameters and inactive eDRX parameters in CN PAGING MESSAGE and RNA PAGING MESSAGE respectively.

Proposal 3: Consider the maximum value of 2621.44s (almost 44 min) eDRX period for RRC_IDLE state as a starting point.
Proposal 4: Study the possibility of introducing longer eDRX period for RRC_INACTIVE state (exceeding 10.24s).
Proposal 5: Reuse existing DRX mechanism (based or PH and PTW) for RRC_IDLE in NR if it is agreed to support eDRX cycle larger than 10.24. 
Proposal 6: Study whether to introduce PTW mechanism or not for RRC_INACTIVE if it is agreed to introduce eDRX period exceeding 10.24s for RRC_INACTIVE.
Proposal 7: Study SI acquisition enhancement mechanism in NR after eDRX mechanism is introduced. 
Proposal 8: Involve RAN4 in the WID after REDCAP study item finishes and eDRX is agreed to be specified.
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