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1 	Introduction
In this contribution paper, the impact of the extended DRX (eDRX) enhancements for reduced capability (RedCap) on the Rel-17 specification are discussed. The WI in [1] has the following work item: 
	· Specify support for the following Extended DRX enhancements for RedCap UEs [RAN2, RAN3, RAN4]:
· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10.24 s, without using PTW and PH, and with common design (e.g. common set of eDRX values) between RRC Inactive and Idle
· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10485.76 s; the details of mechanisms and feasibility regarding maximum length of the extended DRX cycles for RRC Inactive and Idle need to be checked by SA2, CT1 and/or RAN4.
· RAN2 to decide which Node(s) configure eDRX in RRC_Idle and RRC_Inactive.


Also, RAN2 has the following agreements [2]:
	Agreement via email – from offline 110:
1. Lower bound for eDRX configuration in RRC_IDLE and RRC_INACTIVE is 2.56 seconds. Inform SA2/CT1 and check if there is any concern


2 [bookmark: _Ref78880396]Extending DRX of general requirements for 5G NR devices
In this section we discuss the aspects related to the design of the new eDRX cycles requirements.
2.1. Discussion on eDRX with and without PTW
[bookmark: _Ref71659115]From the WID, we can identify two sets of eDRX cycle length, which are (i) eDRX cycle without PTW and PH and (ii) eDRX cycle with PTW and PH. The duration of the eDRX cycle length without PTW are 2.56 s, 5.12 s, and 10.24 s, where the lower bound of eDRX is given in RAN2 agreement as 2.56 s [2]. The range of the eDRX cycle lengths with PTW are 20.48 s ≤ eDRX_IDLE cycle length ≤ 10485.76 s, where the 20.48 s is the next eDRX cycle value after 10.48 s as given in Section 10.5.5.32 in [3]. The time representation of DRX, eDRX without PTW and eDRX with PTW are depicted in Figure 1. The eDRX cycles without PTW can be seen as extension in time for the existing DRX cycles. However, this is not the case for the eDRX cycle with PTW, where although the eDRX cycle with PTW can be seen as extension in time compared to the existing DRX, yet each eDRX cycle starts with a PTW, in which, the UE operates with the configured DRX cycle. 
Observation 1: [bookmark: _Ref78929141]The eDRX without PTW can be seen as extension in time compared to existing DRX cycles.
Observation 2: [bookmark: _Ref78929160]The eDRX with PTW is associated with different PTW lengths, which are for different DRX cycles.
Furthermore, unlike the eDRX cycles without PTW, the requirements of eDRX cycles with PTW must be associated with requirements of different PTW duration for different DRX cycle lengths. Therefore, different eDRX cycles requirements tables should be designed for the two cases of eDRX cycles with and without PTW. 
Proposal 1: [bookmark: _Ref78929296]Support the design of separate tables for the eDRX requirements, one for eDRX with PTW and the other for eDRX without PTW.
[image: ]
[bookmark: _Ref47527660]Figure 1: Time representation for existing DRX cycle, eDRX cycle without PTW, and eDRX cycle with PTW
2.2. Discussion on the number of DRX cycles for Nserv, Tdetect, Tmeasure, and Tevaluate  
Like LTE specification requirements, the existing DRX cycles tables of 5G NR are designed for Nserv, Tdetect, Tmeasure, and Tevaluate and their number of DRX cycles are derived directly from the LTE specification requirements. This can be observed clearly by comparing the DRX tables from LTE [4] and 5G NR [5], where the difference between the DRX requirements are given in scaling factors in 5G NR. Furthermore, given that the LTE specification has requirements for eDRX cycles, hence the new tables of eDRX in 5G NR should be designed in a method to capture the eDRX values from the LTE requirements as well as to reuse the same defined scaling factors from 5G NR. 
Observation 3: [bookmark: _Ref78929180]The DRX requirements from LTE is used in 5G NR requirements as a baseline, where the requirements of the 5G NR are using scaling factors with the existing numbers from LTE.
Proposal 2: [bookmark: _Ref78929311]The new eDRX requirements for 5G NR RedCap devices shall use the number of measurement samples from LTE (measured in DRX cycles) and multiplied by the existing 5G NR scaling factors from the existing DRX tables.	Comment by Author: Just to check, Is the # same as 5G baseline? Slightly prefer to use NR instead of LTE. 
2.3. Discussion on eDRX cycles requirements for FR1 and FR2
The time required for Nserv in LTE is covered in a single PTW, hence the PTW duration should be enough to cover the number of DRX cycles for Nserv. Also, as we discussed in the previous subsection that the scaling factors will be included hence this means that a larger PTW duration is required for higher high factor value, such as scaling factor N1. Nevertheless, the fundamental idea behind using PTW with eDRX is to allow larger inactive/idle period and now using large PTW with FR2 may remove the main benefit of using PTW with eDRX. For example, using eDRX = 20.48 s, DRX 0.32, PTW = 1.28 s (4 DRX cycles), N1 = 8 (for FR2), M1 = 2 and assuming the duration of Nserv is calculated as: M1*N1*2, then the time of Nserv = 8*2*2 = 32 DRX cycles, which is much larger than the PTW duration (4 DRX cycles). Hence, the Nserv can not be achieved in a single PTW in FR2. Therefore, there could be two potential solutions: (i) divide the time needed for Nserv to multiple PTWs, and (ii) extend the PTW duration to allow Nserv to be completed in a single PTW. However, the first solution will break the rule of having the Nserv in a single PTW while the second solution leads to a large time window and hence reduce the benefit of PTW with eDRX for FR2. For the these reasons, we start questioning the applicability of eDRX for FR2 and therefore the eDRX tables of FR1 and FR2 should be separated in different tables with higher priority discussions for FR1 tables. 
Observation 4: [bookmark: _Ref78929202]The length of the PTW in LTE is enough to cover the Nserv in a single PTW.
Observation 5: [bookmark: _Ref78929216]Extending the PTW to accommodate the FR2 scaling factor may remove the benefits of the eDRX with PTW and hence the applicability of FR2 for RedCap should be discussed.
Proposal 3: [bookmark: _Ref78929337]When eDRX is used, the number of samples needed for Nserv in 5G NR (measured in DRX cycles) must be achieved in a single PTW.
Proposal 4: [bookmark: _Ref78929353]Support prioritizing the eDRX requirements for FR1 and de-prioritizing the eDRX requirements for FR2.
Proposal 5: [bookmark: _Ref78929367]Support writing the eDRX requirements for FR1 and FR2 on separate tables.
Proposal 6: [bookmark: _Ref78929381]Discuss the necessity and applicability of FR2 in RedCap UEs.
2.4. The new eDRX cycles requirement tables
Based on the discussion in Section 2 of this contribution, the eDRX cycle requirement tables for Nserv are given in the following proposal. The green-coloured text is used to highlight the main changes compared to existing eDRX in LTE and existing DRX in 5G NR.
Proposal 7: [bookmark: _Ref78929397]The eDRX cycles requirements for Nserv in 5G NR RedCap devices for FR1 are the following:
Table 4.2.2.x-x: Nserv for UE operating with eDRX_IDLE cycle without PTW for FR1
	eDRX cycle length [s]
	Nserv [number of DRX cycles]

	2.56
	2

	5.12
	2

	10.24
	2


Table 4.2.2.x-x: Nserv for UE operating with eDRX_IDLE cycle with PTW and PH for FR1
	eDRX cycle length [s]
	DRX cycle length [s]
	PTW length [s] 
(number of DRX cycles)
	Nserv [number of DRX cycles]

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥ 1.28 (4) 
	 M1*2

	
	0.64
	≥ M1 * 1.28 (M1 * 2)
	 M1*2

	
	1.28
	≥ 2.56 (2)
	2

	
	2.56
	≥ 5.12 (2)
	2

	Note 1:     The number of DRX cycles in this table is given for the DRX cycles within PTWs.


3 Extending DRX for others features
In this section we extend the discussion on eDRX to the high speed measurement feature and power saving feature (i.e. the relaxed measurements for low mobility and not-at-cell edge criteria). 
3.1. High speed measurements feature
The DRX for high speed measurements are faster than the general requirements of DRX in 5G NR because the main reason is to allow the UEs to have faster measurements compared to the general requirements. Therefore, there is no reason to relax this measurements requirements, i.e. the eDRX is not applicable for high speed measurements feature. 
Proposal 8: [bookmark: _Ref78929426]Do not support eDRX for high speed measurements feature in 5G NR Rel-17.
3.2. Power saving feature: Low mobility and not-at-cell edge criteria
The new eDRX requirements are up to 10485.76 s, which is very relaxed compared to both general 5G NR DRX requirements and relaxed DRX requirements for low mobility and not-at-cell-edge criteria. Hence, designing new eDRX requirements for these criteria may not be necessary. However, the new requirements for eDRX starts from 2.56 s and the requirements for the 2.56 s are expected to be the same as the general requirements for DRX = 2.56 s. Furthermore, the relaxed DRX requirements for low mobility and not-at-cell-edge criteria for DRX = 2.56 s are relaxed by a factor K1 = 3, hence the requirements of DRX cycle = 2.56 s for power are more relaxed compared to the low eDRX cycles = 2.56 s and 5.12 s. Therefore, in order to be consistent with all the DRX and eDRX requirements there should be a new eDRX requirements for the low mobility and not-at-cell edge criteria for low eDRX cycles. Yet, the new relaxed eDRX should not be higher than the next eDRX cycle, for example, the relaxed eDRX cycle =10.48 s should not be more relaxed than the eDRX cycle = 20.48 s.
Observation 6: [bookmark: _Ref78929237]The new eDRX requirements are up to 10485.76 s (i.e. already very relaxed) hence there is no need for further eDRX relaxation for low mobility and not-at-cell edge criteria.
Observation 7: [bookmark: _Ref78929254]The existing relaxed DRX cycle = 2.56 s for low mobility and not-at-cell edge criteria can be more relaxed compared to the new eDRX requirements, hence there should be new relaxed eDRX to resolve that issue.
Proposal 9: [bookmark: _Ref78929445]Support the design of new relaxed eDRX for low mobility and not-at-cell edge criteria for low eDRX cycles.
4 Stationary 
The stationary and not-at-cell edge criteria are new criteria for RedCap UEs in 5G NR Rel-17. This new criteria allow the UEs to improve the power saving. Therefore, to achieve that, further DRX relaxation compared to the low mobility and not-at-cell edge criteria must be considered. Given that the relaxation factor used for the low mobility criterion and not-at-cell edge criterion is K1 = 3 [5], hence the new relaxation factor (J2) for the stationary criterion and not-at-cell edge criterion must be larger than 3 (i.e. J2 > K1). Nevertheless, RAN2 has not reached a conclusion on whether to reuse the not-at-cell edge criterion from release 16 or introduce a new Rel-17 not-at-cell-edge criterion. Therefore, the new relaxation factor (J2) shall be used for the stationary criterion until a consensus is reached on whether to introduce a new Rel-17 not-at-cell edge criterion. Once RAN2 has reached conclusion and if the conclusion is to reuse the Rel-16 not-at-cell edge then there is no need to introduce new DRX requirements for the not-at-cell edge criterion, however, if a new Rel-17 not-at-cell edge criterion is introduced then new DRX requirements are needed, where the latter shall also use the new scaling factor (J2). 
Proposal 10: [bookmark: _Ref78929458]Support a new relaxation factor to be used in the DRX cycles requirements for the stationary criterion. In addition, if a new Rel-17 not-at-cell edge criterion is introduced then the same relaxation factor of the stationary criterion shall be used for the RRM measurement relaxations of Rel-17 not-at-cell edge criterion.
5 Summary
In this contribution, the impact of eDRX on Rel-17 specification are discussed and hence we have the following observations and proposals: 
Observation 1: The eDRX without PTW can be seen as extension in time compared to existing DRX cycles.
Observation 2: The eDRX with PTW is associated with different PTW lengths, which are for different DRX cycles.
Observation 3: The DRX requirements from LTE is used in 5G NR requirements as a baseline, where the requirements of the 5G NR are using scaling factors with the existing numbers from LTE.
Observation 4: The length of the PTW in LTE is enough to cover the Nserv in a single PTW.
Observation 5: Extending the PTW to accommodate the FR2 scaling factor may remove the benefits of the eDRX with PTW and hence the applicability of FR2 for RedCap should be discussed.
Observation 6: The new eDRX requirements are up to 10485.76 s (i.e. already very relaxed) hence there is no need for further eDRX relaxation for low mobility and not-at-cell edge criteria.
Observation 7: The existing relaxed DRX cycle = 2.56 s for low mobility and not-at-cell edge criteria can be more relaxed compared to the new eDRX requirements, hence there should be new relaxed eDRX to resolve that issue.
Proposal 1: Support the design of separate tables for the eDRX requirements, one for eDRX with PTW and the other for eDRX without PTW.
Proposal 2: The new eDRX requirements for 5G NR RedCap devices shall use the number of measurement samples from LTE (measured in DRX cycles) and multiplied by the existing 5G NR scaling factors from the existing DRX tables.
Proposal 3: When eDRX is used, the number of samples needed for Nserv in 5G NR (measured in DRX cycles) must be achieved in a single PTW.
Proposal 4: Support prioritizing the eDRX requirements for FR1 and de-prioritizing the eDRX requirements for FR2.
Proposal 5: Support writing the eDRX requirements for FR1 and FR2 on separate tables.
Proposal 6: Discuss the necessity and applicability of FR2 in RedCap UEs.
Proposal 7: The eDRX cycles requirements for Nserv in 5G NR RedCap devices for FR1 are the following:
Table 4.2.2.x-x: Nserv for UE operating with eDRX_IDLE cycle without PTW for FR1
	eDRX cycle length [s]
	Nserv [number of DRX cycles]

	2.56
	2

	5.12
	2

	10.24
	2


Table 4.2.2.x-x: Nserv for UE operating with eDRX_IDLE cycle with PTW and PH for FR1
	eDRX cycle length [s]
	DRX cycle length [s]
	PTW length [s] 
(number of DRX cycles)
	Nserv [number of DRX cycles]

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥ 1.28 (4) 
	 M1*2

	
	0.64
	≥ M1 * 1.28 (M1 * 2)
	 M1*2

	
	1.28
	≥ 2.56 (2)
	2

	
	2.56
	≥ 5.12 (2)
	2

	Note 1:     The number of DRX cycles in this table is given for the DRX cycles within PTWs.


Proposal 8: Do not support eDRX for high speed measurements feature in 5G NR Rel-17.
Proposal 9: Support the design of new relaxed eDRX for low mobility and not-at-cell edge criteria for low eDRX cycles.
Proposal 10: Support a new relaxation factor to be used in the DRX cycles requirements for the stationary criterion. In addition, if a new Rel-17 not-at-cell edge criterion is introduced then the same relaxation factor of the stationary criterion shall be used for the RRM measurement relaxations of Rel-17 not-at-cell edge criterion.
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