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1 Introduction
The following agreements have been achieved in RAN2#111-e meeting regarding eDRX for RedCap devices [1]: 
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.
RAN2 study eDRX mechanism for both RRC_IDLE and RRC_INACTIVE in this SI. ‎
Additionally, email discussion [Post111-e][915][REDCAP] UE power saving features (CATT) has been arranged after the RAN2#111-e meeting to progress some aspects of eDRX for RedCap such as the maximum eDRX cycle for RRC_IDLE and RRC_INACTIVE and the definition of the eDRX mechanism when paging cycle ≤ 10.24s.
In this contribution, we discuss some remaining issues for eDRX.
2 Discussion
2.1 Power savings evaluation of eDRX
In our earlier submission [2], we provided an evaluation of power savings achievable with eDRX operation for RedCap. At R1#102e meeting, RAN1 agreed on a new set of numbers for power consumption evaluation of a RedCap device in various states [3]. As proposed in email discussion Post111-e#912 [4], we re-evaluate eDRX gains over I-DRX operation using RAN1’s new power consumption evaluation numbers. The changes from the earlier evaluation are highlighted in red.
[bookmark: _GoBack]In order to evaluate the additional power savings that could be achieved by introducing eDRX in NR compared to legacy I-DRX, we use a model based on [5], scaled to 20MHz for Idle mode operation. We consider two scenarios: 1) High SINR, and 2) Low SINR, as illustrated below:


Figure 1 Timeline for I-DRX with high SINR


Figure 2 Timeline for I-DRX with low SINR
Relative power during various states can be modelled as below:
Table 1 Power state modelling for I-DRX
	Component Description
	Power notation
	Relative power
	Time notation
	Time (ms)

	SSB processing
	
	50
	
	2/4

	Intra-frequency neighbor cell measurement
	
	60
	
	2

	Paging occasion reception
	
	50/120 (without/ with PDSCH)
	
	1/4 (high/ low SINR)

	Inter-frequency neighbor cell
measurement
	
	60
	
	5

	Micro sleep
	
	31
	
	(*)

	Light sleep
	
	18
	
	(*)

	Deep sleep
	
	0.8
	
	(*)



(*) The value depends on the power saving scenario adopted
We also define the following energy consumption for the state transition.
	Component Description
	Energy notation
	Energy
	Occurrence notation

	Micro sleep transition
	
	0
	

	Light sleep transition
	
	100
	

	Deep sleep transition
	
	450
	



Based on the above timeline and power model, the power consumption for I-DRX with high SINR is given by:


For low SINR, it is given by:


For eDRX, if we consider the UE to be in deep sleep outside of PTW and consuming power PIDRX (in the formula above) during PTW, the formula for eDRX power consumption becomes:

Where, LPTW is the PTW length.
Some example power savings by introducing eDRX, with different eDRX/I-DRX configurations are summarised in the table below:
Table 2 Example power savings that can be achieved with eDRX
	Scenario
	TI-DRX (ms)
	TeDRX (ms)
	PTW length (ms)
	% Savings with eDRX compared to I-DRX

	High SINR
	2560
	10,485,760
	2560
	33.83

	High SINR
	1280
	10,485,760
	1280
	50.56

	High SINR
	320
	10,485,760
	320
	80.36

	Low SINR
	2560
	10,485,760
	2560
	56.08

	Low SINR
	1280
	10,485,760
	1280
	71.86

	Low SINR
	320
	10,485,760
	320
	91.08



From the evaluation above, it is clear that eDRX brings significant improvements to power consumption, and it is also clear that eDRX concepts and mechanisms such as PTW and extension of paging cycles to hyper-frames that were introduced for LTE/NB-IoT should be re-used in RedCap.

2.2 H-SFN and eDRX cycle range
· Issue #1: The size of H-SFN
In both LTE (eMTC) and NB-IoT, the size of the Hyper System Frame Number (H-SFN) broadcast in system information is 10 bits. 5GC already supports H-SFN with a size of 10 bits and configuration of eDRX cycles up to 10485.76s [6][7][8].
Table 3 eDRX value range for S1 mode (from TS 24.008)
	S1 mode
The field contains the eDRX value for S1 mode. The E-UTRAN eDRX cycle length duration value and the eDRX cycle parameter 'TeDRX' as defined in 3GPP TS 36.304 [121] are derived from the eDRX value as follows:


	bit

	4
	3
	2
	1
	E-UTRAN eDRX cycle length duration
	eDRX cycle parameter 'TeDRX'

	0
	0
	0
	0
	5,12 seconds (NOTE 4)
	NOTE 3

	0
	0
	0
	1
	10,24 seconds (NOTE 4)
	20

	0
	0
	1
	0
	20,48 seconds
	21

	0
	0
	1
	1
	40,96 seconds
	22

	0
	1
	0
	0
	61,44 seconds (NOTE 5)
	6

	0
	1
	0
	1
	81,92 seconds
	23

	0
	1
	1
	0
	102,4 seconds (NOTE 5)
	10

	0
	1
	1
	1
	122,88 seconds (NOTE 5)
	12

	1
	0
	0
	0
	143,36 seconds (NOTE 5)
	14

	1
	0
	0
	1
	163,84 seconds
	24

	1
	0
	1
	0
	327,68 seconds
	25

	1
	0
	1
	1
	655,36 seconds
	26

	1
	1
	0
	0
	1310,72 seconds
	27

	1
	1
	0
	1
	2621,44 seconds
	28

	1
	1
	1
	0
	5242,88 seconds (NOTE 6)
	29

	1
	1
	1
	1
	10485,76 seconds (NOTE 6)
	210



For RedCap, we see no reason to diverge from LTE and NB-IoT with respect to the H-SFN range, therefore think that H-SFN size for eDRX for RedCap should also be 10 bits.
Proposal 1: The size of H-SFN for eDRX in RedCap is 10 bits.
· Issue #2: Maximum eDRX cycle range
In LTE and NB-IoT, the paging hyperframe (PH) is the H-SFN satisfying the following equation:
	H-SFN mod TeDRX,H= (UE_ID_H mod TeDRX,H), where
	[bookmark: _Ref54016306]Eq 1


-	UE_ID_H:
- 10 most significant bits of the Hashed ID, if P-RNTI is monitored on PDCCH or MPDCCH
- 12 most significant bits of the Hashed ID, if P-RNTI is monitored on NPDCCH
-	T eDRX,H : eDRX cycle of the UE in Hyper-frames, (TeDRX,H =1, 2, …, 256 Hyper-frames) (for NB-IoT, TeDRX,H =2, …, 1024 Hyper-frames) and configured by upper layers.
PTW_start, the first radio frame of the PH that is part of the PTW, has SFN satisfying the following equation:
	SFN = 256* ieDRX, where
	[bookmark: _Ref54017162]Eq 2


-	ieDRX = floor(UE_ID_H /TeDRX,H) mod 4
PTW_end, the last radio frame of the PTW, has SFN satisfying the following equation:
	SFN = (PTW_start + L*100 - 1) mod 1024, where
	[bookmark: _Ref54017164]Eq 3


-	L = Paging Time Window length (in seconds) configured by upper layers
As mentioned above, H-SFN of 10 bits is broadcast in LTE and NB-IoT in system information. The size of H-SFN dictates the theoretical maximum range for the eDRX cycle in Eq 1, as the PH must be uniquely identified by the UE and the network. If H-SFN size of 10 bits is agreed as per Proposal 1 above, the maximum possible value for the eDRX cycle becomes 10485.76s. Each PH consists of 1024 radio frames of 10ms each, therefore one PH corresponds to 10.24s and 1024 PHs correspond to 10485.76s.
There are use cases for industrial sensors where the data transmission can be triggered by an event (e.g. reaching a threshold value) instead of a predefined time interval, captured in TR 22.804 [9] and TR 22.832 [10] as below:
Closed-loop control produces both periodic and aperiodic communication patterns. If, for instance, sensor output is only generated when a threshold, e.g. a preset room temperature is exceeded, the timing of the message transmitted to the controller is regulated by the process and not a preset timer.
Measuring the environment and propagating events may be realised in different scenarios. In the simplest scenario, which is the least scalable, the sensors propagate each newly measured value without any pre-processing, i.e., in a solely proactive scenario. A more advanced approach is to solely react to the environmental changes to reduce traffic, e.g., by only propagating events under certain circumstances whenever a value exceeds a certain threshold.
Alternatively, this (service) flow can be triggered by an event (e.g. crossing a threshold value) instead of a predefined time interval.
For the use cases mentioned above, where the data transmission is uplink-centric and intermittent, longer eDRX cycles up to 10485.76s in RRC_IDLE will be beneficial in ensuring a battery life of a few years. Where downlink data is seldom expected, there is little need to frequently monitor the downlink for paging.
As mentioned earlier, the core network already supports this maximum value of 10485.76s and we see no reason to artificially limit the eDRX range in RAN. Using the full range available to us also ensures that the eDRX scheme is future proof.  Depending on the scenario, the actual value used will still be under the network control as in LTE/NB-IoT, so there is no risk or drawback in allowing the maximum value.
On the other hand, regarding the RRC_INACTIVE state, the main benefit of using RRC_INACTIVE is to reduce the latency when transitioning to RRC_CONNECTED. This objective will be covered in the small data transmission work item in Rel-17. For RedCap devices, latency reduction is not of primary concern. The core network is unaware of UE transitions between RRC_CONNECTED and RRC_INACTIVE states, and the UE remains in CM_CONNECTED state across these transitions. SA2/CT1 do not currently support an eDRX cycle value >10.24s for devices in CM_CONNECTED state. Any extension to this range needs to be done in coordination with SA2/CT1.
Considering the comparatively limited application of extending the eDRX cycle beyond 10.24s in RRC_INACTIVE versus the additional complexity that it will bring, for Rel-17 we propose to re-use the maximum eDRX value of LTE in RRC_INACTIVE for RedCap, i.e. 10.24s.
Proposal 2: Maximum eDRX cycle is 10485.76s for RRC_IDLE and 10.24s for RRC_INACTIVE in RedCap.
Application of Eq 1, Eq 2 and Eq 3 to determine the PH and PTW_start/end to eDRX in RedCap as well as detailed analysis of the equations are stage-3 details that can be left to the work item phase.
Proposal 3: Detailed equations of the eDRX mechanism such as determination of the paging hyperframe (PH) and PTW_start/end are left to the work item phase.

2.3 Operational aspects
· Issue #3: Indication of eDRX allowed in the cell
In LTE, whether the eDRX is allowed in a cell or not is indicated by the eDRX-Allowed flag carried in SIB1. The UE may operate in extended DRX only if the UE is configured by upper layers and the cell indicates support for eDRX in System Information.  The UE stops using extended DRX if eDRX-Allowed is not present. In NB-IoT, eDRX support is mandatory in the network and therefore a separate flag was not necessary.
For RedCap, we think that not all NR cells may support eDRX, therefore a flag should be used to indicate this.
Proposal 4: Support of eDRX operation in a RedCap cell is indicated by a flag (e.g. eDRX-Allowed) carried in SIB1.
· Issue #4: System information modification
When there is a change in system information, an SI change indication is transmitted, using a short message addressed to the P-RNTI. Updated SI message (other than SI message for ETWS, CMAS and positioning assistance data) is broadcasted in the modification period following the indication. If the eDRX cycle is longer than the modification period, the UE can miss the indication and may not use the updated SI data. In LTE, some enhancements were made to resolve this issue. If the eDRX cycle is greater than the modification period, a new SI modification for eDRX indication is transmitted and the UE acquires the updated SI during the next eDRX acquisition period.
We think that this mechanism can be re-used for eDRX in RedCap and it is relatively straight forward to apply the necessary specification changes using LTE as baseline.
Proposal 5: SI modification mechanism from LTE is used as a baseline for SI change (other than ETWS and CMAS) in RedCap.
· Issue #5: ETWS and CMAS requirements
During the eDRX work item for LTE, it was recognized that ETWS and CMAS requirements may not be met when eDRX is configured. When an ETWS or CMAS capable UE receives the ETWS or CMAS indication in the short message, it immediately re-acquires SIB1 and other relevant SIBs. If the UE is configured with eDRX, it cannot satisfy the ETWS or CMAS requirements. According to TS 22.168, a primary notification shall be delivered within 4 seconds to the UE [11]. For LTE and NB-IoT, it was decided that optimizations were not needed for these scenarios, because a UE supporting ETWS or CMAS is not expected to be configured with eDRX. We think that the similar argument is valid for RedCap use-cases that require long eDRX cycles and therefore we suggest not to have any optimizations for the ETWS and CMAS in RedCap.
Proposal 6: No enhancements are done for ETWS and CMAS use cases for eDRX in RedCap.	
· Issue #6: UE ID used for eDRX
For determining the UE specific eDRX cycle in LTE, a hashed UE ID based on 5G-S-TMSI is used (when the UE is connected to 5GC). The main reasons for using a hashed ID rather than the S-TMSI itself were randomness and security. The UE ID used for determining the PFs/POs during the PTW should be different from the UE ID used for determining the PH/PTW_start. Otherwise, only a subset of PFs will be used in a HF. On the other hand, using more bits of S-TMSI or IMSI was considered as a security risk. We think that the same hashed UE ID mechanism should be re-used in eDRX for RedCap, which is already supported by 5GC.
Proposal 7: The hashed UE ID formula from LTE is re-used for eDRX in RedCap.

3 Conclusion
In this contribution, we discuss some remaining considerations for supporting eDRX in RedCap and have the following proposals:
Proposal 1: The size of H-SFN for eDRX in RedCap is 10 bits.
Proposal 2: Maximum eDRX cycle is 10485.76s for RRC_IDLE and 10.24s for RRC_INACTIVE in RedCap.
Proposal 3: Detailed equations of the eDRX mechanism such as determination of the paging hyperframe (PH) and PTW_start/end are left to the work item phase.
Proposal 4: Support of eDRX operation in a RedCap cell is indicated by a flag (e.g. eDRX-Allowed) carried in SIB1.
Proposal 5: SI modification mechanism from LTE is used as a baseline for SI change (other than ETWS and CMAS) in RedCap.
Proposal 6: No enhancements are done for ETWS and CMAS use cases for eDRX in RedCap.	
Proposal 7: The hashed UE ID formula from LTE is re-used for eDRX in RedCap.
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