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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(eDRX) for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]
Use case specific requirements mentioned in the WID [2]: 
· 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 meeting. In RAN2 #111e [3] the following agreements was reached:
Agreements:
1. RAN2 study eDRX mechanism for both RRC_IDLE and RRC_INACTIVE in this SI. 
2. For RRC_INACTIVE, the DRX cycle is extended to 10.24s as baseline.

Agreements via email - from offline 111:
1. For RRC_IDLE, the DRX cycle is at least extended to 10.24s. FFS on further extension ‎beyond 10.24s.
2. 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:
1. For RRC_IDLE and/or RRC_INACTIVE, FFS on baseline mechanism when the configured NR eDRX cycle is less or equal to 10.24s

Furthermore, in RAN2#112e the following agreements were reached:

1. For UE in RRC IDLE/INACTIVE and eDRX cycle is less than 10.24s, paging monitoring does not use PTW and PH, if any.
2. RAN2 will study whether lower values than 5.12s for eDRX cycle for RRC_IDLE and RRC_INACTIVE REDCAP UEs, e.g. 2.56s, can also be considered.
3. eDRX cycle extension in RRC_IDLE beyond 10.24s for REDCAP UEs will be studied in this SI/WI. For UE in RRC IDLE and eDRX cycle is equal to 10.24s, among the solution options, we start from the assumption that paging monitoring does not use PTW and PH.
4. The eDRX cycle in RRC_IDLE is extended up to 2621.44s for REDCAP UEs, as a baseline (longer value e.g. 10485.76s can also be considered)

There is an ongoing email discussion with the aim to summarize and conclude open issues on upper and lower bounds in eDRX in RRC_IDLE and support of eDRX > 10.24 s in RRC_INACTIVE, which will be presented in the coming meeting. 
In this contribution, we provide some additional motivation on top of what we had in the email discussion to motivate to support eDRX > 10.24 s in RRC_INACTIVE for RedCap devices. Also, we present some text proposal to summarize the study phase.
2 		UE Latency reduction with eDRX in RRC_INACTIVE 
[bookmark: _Toc54293876]R2- 2009116 [4], and R2-2009620 [5] show that eDRX cycle lengths > 10.24 s bring significant improvements to power consumption. The power saving results for Industrial Wireless Sensor Network (IWSN) presented in R2-2009620 show that eDRX cycle lengths longer than 10.24 s is required to have a UE battery life of "at least a few years" for both RRC_IDLE and RRC_INACTIVE. This section discusses the advantage with eDRX cycle lengths > 10.24 s in RRC_INACTIVE from a UE state transition delay perspective. 
[image: ]
Figure 2: RRC state transition flow.
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Figure 3. Delay from a power saving state to start data transmission (ACTIVE for LTE refers to data transfer in RRC_CONNECTED).
Figure 2 provides an example control plane signaling flow starting from RRC_IDLE to start of data transfer and from RRC_INACTIVE to start of data transmission for NR Rel-16. In 38.913, transition delay is defined as the time to move from a power saving state like RRC_IDLE/RRC_INACTIVE to the start of data transfer. In Figure 3, we present the transition delay of a device to switch from power saving state to data transfer state. We calculate the transition delay based on the process delay requirements for RRC procedures listed in TS 38.331 and the presented C-Plane latency performance result presented in TS 33.331 and Appendix B of TR 36.913 [6]. The analysis presented in this section is based on the references listed in the Appendix. See the Appendix for the details of delay values, including process delay at the UE and gNB considered in this analysis. Notice that the true numbers will depend on both UE and network implementation.
[bookmark: _Hlk61554413]As stated in figure 3, the RRC_IDLE to data transfer state transition delay is around 153 ms in NR where RRC_INACTIVE to data transfer state transition delay is around 53 ms. RRC_INACTIVE with eDRX cycle lengths above 10.24 s ensures faster uplink data delivery than for RRC_IDLE due to around 100 ms shorter transition delay.
In TR 22.261 [7], wearable service case (e.g., medical monitoring) end-to-end latency is expected to be below 100 ms in the uplink. In such cases where the service is uplink latency sensitive and short downlink data are sent sporadically, RRC_INACTIVE is a better state due to the reduced state transition delay and faster transition to data transmission compared to RRC_IDLE. Also, use of RRC_INACTIVE state reduces signalling overhead by storing UE context and capability information. Hence, any UE with a service that has uplink delay requirements with a large packet inter-arrival rate would benefit from staying in RRC_INACTIVE with eDRX cycle length above 10.24 s, compared to RRC_IDLE with eDRX cycle length above 10.24 s. From power saving perspective, we can say shorter delay results in NR UEs' shorter activity time, which renders to longer power saving gain. Additionally, the eDRX cycle length extension for RRC_INACTIVE beyond 10.24 s may bring value for other WIs such as Small Data Transmission (SDT, being specified in Rel-17) and possible future work like LPWAN in NR. Therefore, it is desirable to support eDRX cycle lengths > 10.24 s in RRC_INACTIVE, with expected benefits also for future work and use cases. Based on the results presented in [4] and [5] and the latency tradeoff discussed above, we recommend RAN2 to extend the eDRX cycle for RRC_INACTIVE beyond 10.24 seconds.
[bookmark: _Toc61562782]UEs in RRC_INACTIVE with eDRX cycle length above 10.24 s brings the following benefits compared to UEs in RRC_IDLE with eDRX cycle length above 10.24 s:
a. [bookmark: _Toc61562783]Increased UE battery lifetime 
b. [bookmark: _Toc61562784]Reduced UE activity time for data transmission
c. [bookmark: _Toc61562785]Reduced signalling overhead
d. [bookmark: _Toc61562786]Reduced transition delay from a power saving state to data transfer state.
[bookmark: _Toc54295907][bookmark: _Toc61562790]From RAN2 perspective, possibility to use eDRX cycle length above 10.24 s is beneficial for UEs in RRC_INACTIVE and should be recommended to be specified in Rel-16.
3. 	Impacts of eDRX cycle length above 10.24s 
3.1 CN Impacts
Solutions for core networks (CN) support of longer eDRX cycles in CM-CONNECTED have already been discussed earlier during Rel-16, e.g. by specifying a mechanism where CN understands UE is not reachable due to eDRX. In TR 23.724 [8], different methods to solve possible CIoT use cases' possible issues are presented, including how to support longer eDRX cycles for UEs in RRC_INACTIVE (i.e. in CM-CONNECTED) from CN perspective. See e.g. solution 7 and 24 in TR 23.724 for more details. However, the solutions were not specified due to lack of appropriate use case at the time of concluding the study.
[bookmark: _Toc61562787]SA2 has studied methods to support long eDRX cycle in TR 23.724.
Some companies have brought up potential issues with NAS retransmission timers if long eDRX in RRC_INACTIVE is specified. However, for both EPS and 5GS (see TS 24.301, TS 24.501) extended NAS timers have been specified, for example extensions of timers by 180 / 240 s for NB-S1 mode. We do not think extension of NAS retransmission timers is a good solution for supporting longer eDRX cycles but would consider the other solutions as presented in TR 23.724. However, it is not correct to imply that NAS timers need to be restrictively short when discussing extension of eDRX beyond 10.24 s.  
[bookmark: _Hlk61522297]From the discussion of NR RedCap use cases, conclusions in SI phase email discussions, and evaluations, it is clear that it is beneficial from RAN point of view to support longer eDRX cycles for UEs in RRC_INACTIVE and RRC_IDLE. Hence, RAN2 should not discard the possibility for DRX cycle length extension before getting input from SA2 and CT1. 
[bookmark: _Toc61562788]RAN2 should inform the preference of increasing eDRX cycle length to SA2 and CT1 as outcome and recommendation of the RedCap SI.
[bookmark: _Toc61562789]RAN2 should not restrict the cycle length extension in the study phase before coordinating with SA2/CT1. 
3.2 LS to SA2
If RAN2 agrees to extend the eDRX cycle length above 10.24 s in RRC_INACTIVE and RRC_IDLE, LS should send to CT1 and SA2 to inform them about our recommendations and collect SA2/CT1 input.
[bookmark: _Toc61345450][bookmark: _Toc61562791]Capture in the TR that the impact on higher layers of eDRX cycles longer than 10.24 s needs to be assessed with SA2/CT1.
[bookmark: _Ref58860670]4	Node to decide the eDRX cycle in RRC_INACTIVE 
In LTE-M, eDRX in RRC_INACTIVE state, the eDRX Cycle length is sent to the UE via NAS signalling. A UE configured with eDRX monitors paging occasions based on the eDRX cycle. The AMF passes the DRX cycle length to ng-RAN through "RRC Inactive Assistance Information," which includes the paging cycle parameters. If the UE supports eDRX in RRC_INACTIVE, based on its UE radio capabilities, ng-RAN configures the UE with an eDRX cycle in RRC_INACTIVE up to the value for the UE's RRC_IDLE mode eDRX cycle. As in the current LTE specifications, LTE-M, and CIoT, CN is responsible for eDRX configuration in RRC_IDLE and RRC_INACTIVE. Hence, if we take LTE/LTE-M as a baseline, CN should decide the eDRX cycle configuration both for RRC_IDLE and RRC_INACTIVE. If it is agreed to consider a shared PTW and eDRX cycle configuration for RRC_IDLE and RRC_INACTIVE, CN based eDRX configuration can be supported with minimum impact on specifications.
[bookmark: _Toc61562792]CN should be responsible for the eDRX cycle configuration. CN and RAN paging share the eDRX cycle where gNB receives the information from AMF in "RRC Inactive Assistance Information."
In [11] and [12], both CN and RAN based solutions are presented. We think both options should be captured in the TR with listed pros and cons. Then down-selection may be performed during the WI phase after input from SA2/CT1.
[bookmark: _Toc61562793]Capture all solutions and recommendations for deciding node for the eDRX configuration for RRC_INACTIVE in the TR and down-select during the WI phase.
[bookmark: _Toc61562794]The higher layer impact on RAN CN based DRX cycle configuration needs to be evaluated with SA2 and CT1.
5	 RedCap SI conclusions and recommendations 
As this is the last meeting of the RedCap study item in RAN2, RAN2 should discuss and capture recommendations on features to be specified during the WI phase based on the analysis and agreements. Based on the earlier agreements and current status of the meeting and email discussions, we propose to capture the following as RAN2 recommendations in the TR:
· Recommend to specify eDRX cycles longer than 10.24 s for RedCap UEs in RRC_IDLE and RRC_INACTIVE.
· Recommend to support eDRX cycle lengths up to 10485.76 s for RRC_IDLE.
· Recommend to support paging monitoring without PTW and PH For UE in RRC_IDLE and RRC_INACTIVE when eDRX cycle is less than and equal to 10.24s.
· Recommend to support shared PTW and PH for RAN and CN paging for eDRX cycles above 10.24 s in RRC_INACTIVE .

[bookmark: _Toc61562795]Capture the above recommendations from the SI phase in the TR.
6.	Text Proposal
Based on the discussion in 8.3.2 and Appendix E.1of TR 38.875, we propose the following additions to TR 38.875:
	The study on UE power saving through extended DRX for RRC_INACTIVE and/or RRC_IDLE can be summarized as follows:

· Additional power savings achieved by introducing eDRX in RRC_IDLE compared to legacy I-DRX have been studied. 
· The results in E1.1 and E1.2 show that eDRX can bring a significant reduction of power consumption, and eDRX concepts and mechanisms that were introduced for LTE/NB-IoT can be largely re-used in RedCap, such as, PTW and extension of paging cycles to hyper-frames.
· Using an eDRX cycle of 10485.76 seconds (2.91 hours) can reduce power consumption in the range 34-80 % for a high SINR case and between 56-91 % for a low SINR case. The results apply when using an I-DRX cycle (and PTW length) from 2.56 seconds down to 320 ms.
· The battery lifetime gains for different eDRX cycles and different inter-arrival times in RRC_IDLE and RRC_INACTIVE has been studied.
· Results in E1.2 show that UEs in RRC_INACTIVE have a 25% higher battery lifetime gain than UEs in RRC_IDLE due to the reduced signalling load between gNB and UE.
· eDRX cycle length above 10.24 s is required to meet UE battery life requirement of "at least a few years" for both UEs in RRC_IDLE and RRC_INACTIVE.
· eDRX in RRC_INACTIVE can provide long battery life for use cases with more demanding uplink latency requirements. FFS the impact of RAN buffering impact on RRC_INACTIVE.



Conclusion
In the previous sections, we made the following observations: 
Observation 1	UEs in RRC_INACTIVE with eDRX cycle length above 10.24 s brings the following benefits compared to UEs in RRC_IDLE with eDRX cycle length above 10.24 s:
a.	Increased UE battery lifetime
b.	Reduced UE activity time for data transmission
c.	Reduced signalling overhead
d.	Reduced transition delay from a power saving state to data transfer state.
Observation 2	SA2 has studied methods to support long eDRX cycle in TR 23.724.
Observation 3	RAN2 should inform the preference of increasing eDRX cycle length to SA2 and CT1 as outcome and recommendation of the RedCap SI.
Observation 4	RAN2 should not restrict the cycle length extension in the study phase before coordinating with SA2/CT1.

Based on the discussion in the previous sections we propose the following:
Proposal 1	From RAN2 perspective, possibility to use eDRX cycle length above 10.24 s is beneficial for UEs in RRC_INACTIVE and should be recommended to be specified in Rel-16.
Proposal 2	Capture in the TR that the impact on higher layers of eDRX cycles longer than 10.24 s needs to be assessed with SA2/CT1.
Proposal 3	CN should be responsible for the eDRX cycle configuration. CN and RAN paging share the eDRX cycle where gNB receives the information from AMF in "RRC Inactive Assistance Information."
Proposal 4	Capture all solutions and recommendations for deciding node for the eDRX configuration for RRC_INACTIVE in the TR and down-select during the WI phase.
Proposal 5	The higher layer impact on RAN CN based DRX cycle configuration needs to be evaluated with SA2 and CT1.
Proposal 6	Capture the above recommendations from the SI phase in the TR.
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Appendix
The table below lists the values used to calculate the transition delay. We consider the process delay listed in section 12 of TS 36.331 for LTE-A and TS 38.331 for NR. We assume 1ms TTI for LTE and 2 symbol TTI for NR for simplicity. We also considered LTE-A process delay as the default process delay for NR, if the NR specifications do not list the process delay. Note that the process delay is implementation-dependent of the UE, AMF and gNB/eNB.
Table 1: C-Plane signalling and process delay inputs
	Description
	LTE-A (1ms TTI, 1 processing delay)
	NR (2 symbol TTI, 1 processing delay)

	
	RRC_IDLE [ms]
	RRC_IDLE
[ms]
	RRC_INACTIVE [ms]

	Average delay due to RACH scheduling period
	0,5 [13]
	0,428571
	0,785714

	RACH Preamble
	1 [13]
	0,214286
	0,214286

	Preamble detection and transmission of RAR (Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	3 [13]
	0,714286
	0,714286

	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5[13]
	5
	5

	Transmission of RRC Setup Request / RRC Resume request
	1 [13]
	1
	1

	Processing delay in eNB (L2 and RRC)
	4[13]
	4
	4

	Transmission of RRC Setup (and UL grant)/ RRC Resume
	1[13]
	1
	1

	Processing delay in the UE (L2 and RRC)
	15[13]
	15
	15[16]

	Transmission of RRC Setup complete (including NAS Service Request)/ RRC Resume Complete
	1 [13]
	1
	1

	Processing delay in eNB (Uu –> S1-C)
	4 [13]
	4
	4

	S1-CP Transfer delay
	3 [13]
	3
	3

	AMF Processing Delay (including UE context retrieval of 10ms)
	15 [13]
	15
	15

	S1-UP Transfer delay
	3 [13]
	3
	3

	Processing delay in eNB (S1-C –> Uu)
	4 [13]
	4
	

	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1,5 [13]
	1,5
	

	Processing delay in UE (L2 and RRC)
	20[14]
	15 [14]
	

	UE Capabilities and Initial Context Setup request
	80[14]
	80[15]
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