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1	Introduction
RAN2 has started work on the support of reduced capability (RedCap) NR devices WI (RP-210918). The WID has the following objectives on introduction of extended DRX: 

	· 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
· RAN2 to decide whether eDRX cycle length below 5.12s leads to any power saving benefits.



Discussion on eDRX enhancements was started in RAN2#113bis-e and the following were agreed: 
	· RAN decides and configures eDRX via RRC for RRC_INACTIVE (FFS on the need and details of coordination with the CN)
· At least for eDRX cycle, the configurations of the eDRX for RRC_IDLE and RRC_INACTIVE can be different (FFS for PTW, e.g. length and starting point, when eDRX cycles are longer than 10.24s)
· RAN2 assumes that CN provides necessary assistance information on eDRX config. for RRC_IDLE to RAN (e.g. reusing eDRX config. defined in “CN Assistance Information for RRC INACTIVE IE” for E-UTRA/5GC).
· eDRX feature, including the related parameters (i.e. PH, PTW. H-SFN) and corresponding paging operation defined for E-UTRA/5GC is used as baseline to enable eDRX >10.24sec for both RRC_IDLE and RRC_INACTIVE in NR/5GC
· RAN2 confirms that CN paging and RAN paging use the same paging frame offset and first PDCCH monitoring occasion in PO, which are configured by RAN without involvement of CN.
· RAN2 confirms that SI modification mechanism from LTE is used as a baseline for SI change (other than ETWS and CMAS), i.e. by using an eDRX acquisition period and a flag to indicate SI modification for eDRX in Short Message (e.g. systemInfoModification-eDRX)



In this paper, we continue the discussion and focus on the two possible PTW configuration alternatives and the minimum length for eDRX cycle. The paper is a revision of R2-2102965. The parts which have been agreed have been removed and the discussion related to PTW and different possibilities for RAN to configure the parameters have been updated (section 2.1). The previous background section can be found in the Appendix and Section 2.3 discusses data buffering. These sections were present in R2-2102965 and have minor revisions. Section 2.2 on the minimum eDRX length is a new addition. 
2	Discussion 
[bookmark: _Hlk70700211]2.1	Common and separate eDRX cycle and PTW configuration
Common and separate eDRX and PTW configurations were discussed during RAN2#113bis-e and the following agreements were made: 
	· RAN decides and configures eDRX via RRC for RRC_INACTIVE (FFS on the need and details of coordination with the CN)
· At least for eDRX cycle, the configurations of the eDRX for RRC_IDLE and RRC_INACTIVE can be different (FFS for PTW, e.g. length and starting point, when eDRX cycles are longer than 10.24s)



Both common and separate eDRX and PTW configurations were discussed and captured as options in the TR 38.875 [2]: 
	The following solutions can be considered for PTW and eDRX cycle configuration for RRC_IDLE and RRC_INACTIVE:
-	A common PTW and eDRX cycle.
-	A common PTW but with different eDRX cycle.
-	A common eDRX cycle but with different PTW length.
-	Different eDRX cycle and different PTW length.



Based on the agreement in RAN2#113bis-e, the eDRX cycle can be configured separately in RAN and CN, thus the first and third bullets in the TR list are possible configurations but the second and/or fourth bullets should be possible as well. 
During RAN2#113bis-e it was commented that it is not exactly clear what a “common PTW” configuration refers to. Based on our understanding “common PTW” can only mean that the PTW length and starting point are the same when RAN and CN paging coincide in time (i.e. same paging frame).

[bookmark: _Toc71584225]Common PTW refers to the case where the PTW length and starting location are the same between RAN and CN paging whenever RAN and CN paging coincide. 

Given that the eDRX cycle can be different between RAN and CN, we assume that there are situations where the UE is expected to only monitor for the RAN paging within a PTW. In RRC_INACTIVE the assumption is that DL data is handled through RAN paging, where the CN mechanism is only a fail-safe covering e.g. for state mismatch between NW and the UE. Especially, in a real deployment, RAN may want to configure a shorter RAN paging cycle compared to the CN configured cycle. For example, CN paging has been configured to a certain value, but RAN wants the UE to be reachable with a shorter RAN paging cycle, but which may still be extended compared to the currently specified value range for RAN paging.

[bookmark: _Toc71584226]For UEs in RRC_INACTIVE, RAN may want to configure the UE with a shorter eDRX cycle for RAN paging compared to the CN paging.

One example configuration can be seen in Figure 1 where there is no PTW for RAN paging, but PTW is configured only for CN paging (this is similar to an existing possibility for paging configuration for LTE-M). RAN paging would be monitored according to the RAN paging cycle and also as part of the CN PTW. 
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Figure 1. Example where the RAN paging cycle is shorter than the CN paging cycle.

Let’s consider another example where the RAN paging cycle is 61.44 s and the CN paging cycle is 122.88 s. The CN has configured a PTW of 20.48 s. We expect that the PTW for RAN paging does not always need to be configured to the same length as the PTW for CN paging – and in such case it would benefit the UE power consumption to allow the possibility to configure different PTW lengths for RAN and CN paging. Thus, in the example, RAN should be able to configure a shorter PTW than 20.48 s, let’s say 10.24 s PTW is enough. In this case the UE can save power compared to always using 20.48 s PTW. 
Thus, in our example, the paging monitoring could be as follows:
· A CN PTW of 20.48 s is repeated every 122.88 s
· A RAN PTW of 10.24 s is repeated every 61.44 s – every second time it partially overlaps with the CN PTW and the UE monitors (at least for CN) paging for 20.48 s. 
We don’t see any reason why RAN should be restricted from configuring a shorter PTW length compared to the CN PTW in such case. Both the RAN and the CN should have the possibility to set their independent PTW lengths, according to reachability requirements in RAN or CN, correspondingly. PTW for eDRX for RRC_IDLE was introduced as the CN and UE are not in perfect sync when it comes e.g. to timing of the paging, and assuming the UE is mobile, the UE may have changed cells since eDRX was configured. PTW can increase mobility robustness for paging in such case. For RAN paging the PTW shouldn’t typically need to be as long as for CN paging. Moreover, some RedCap UEs are assumed to be stationary, and if the network knows this, it can configure a short PTW (or no PTW at all) for such UEs in RRC_INACTIVE for best possible UE power saving. 
Therefore, we think it should be possible to configure any of the options listed in the TR, referred to above. 
[bookmark: _Toc71584227]Restricting configuration of RAN PTW to equal the length of CN PTW can result in additional UE power consumption.

[bookmark: _Toc71584265]For UEs in RRC_INACTIVE, RAN can configure different PTW length for RAN paging compared to the PTW configured for monitoring CN paging. 

The remaining question is that whether the starting points of the PTW need to be the same or if RAN can configure a separate starting location, resulting in possible non-overlapping PTWs. Separate starting locations may mean the UE would need to monitor two different disjoint PTWs resulting in some additional complexity. We assume that if we use the existing equations for calculating RAN and CN paging frames, using the baseline from LTE/EPC and LTE-M connected to 5GC, then the PTWs for RAN and CN would overlap in time. 

[bookmark: _Toc71584266]As baseline, existing functionality from LTE and LTE-M connected to 5GC is used and updated for calculating PTW for RRC_IDLE, and PTW starting location for RAN paging should follow RAN paging frame calculation, resulting in overlapping PTWs.

A common configuration should be possible as well, and RAN should be able configure same eDRX cycle and commont PTW with the CN, if so desired. Example of common PTW and common eDRX cycle length can be seen in Figure 2.
[image: ]
Figure 2. Example of common PTW and same eDRX cycle length between RAN and CN paging.

[bookmark: _Toc68204506][bookmark: _Toc71584228]A common eDRX cycle and PTW where UE monitors both RAN and CN paging may be desirable in some cases. It is up to RAN configuration whether the cycle lengths are the same, and whether the PTW length and starting locations are the same. 


2.2		Minimum value allowed for the eDRX cycle
The existing LTE baseline for the lower bound of the idle mode eDRX cycle is 5.12 s, both in EPC and 5GC deployments, also captured in the CN specifications. RAN2 has discussed the minimum bound for the NR or RedCap eDRX and what would be the use cases for shorter eDRX configuration. The remaining question is whether eDRX cycle of length 2.56 s should be supported, where the configuration of 2.56 s would similar to the baseline 5.12 s case, i.e. the UE monitors for 2.56 s cycles without using PTW and without monitoring the possible shorter default paging cycle in the cell. 

It can be noted that TS 23.501 [5] specifies the following related to eDRX configuration and mobile terminated data (clause 5.31.7.2): 

“Applications that want to use extended idle mode DRX need to consider specific handling of mobile terminating services or data transfers, and in particular they need to consider the delay tolerance of mobile terminated data. A network side application may send mobile terminated data, an SMS, or a device trigger, and needs to be aware that extended idle mode DRX may be in place. A UE should request for extended idle mode DRX only when all expected mobile terminating communication is tolerant to delay.”

That is, the applications must consider mobile terminating services and their delay tolerance in cases where eDRX configurations are used for paging and eDRX must only be used when all the mobile terminating services are delay tolerant. Thus, we don’t think there is a strong need to separately specify eDRX cycles of 2.56 s – the UE either uses the normal DRX configuration or asks for 5.12 eDRX cycle configuration in case it wants to follow a “short” eDRX configuration.

One discussed use case during the ongoing RAN2 work is UEs which want to be configured with eDRX but also want to receive possible PWS notifications. However, such use case is self-contradictory and the intention of eDRX mechanism is not to optimize UE power consumption for such cases where the UE is actually interested to monitor for a potentially frequently occurring indication from the network. Nevertheless, it would be possible for the UEs to request eDRX configuration and continue monitoring for PWS notifications per implementation. 

We think that 2.56 s eDRX use case should be motivated with use case showing power consumption gains vs. following a normal DRX configuration. We expect that in practice, e.g. wearable use case with normal DRX configuration would not result in notably worse performance compared to a possible 2.56 s eDRX configuration when also taking into account the power consumed by other functionality in such a device (on top of the power consumed by the radio). In conclusion we don’t see strong motivation for specifying a 2.56 s eDRX cycle and such was also not specified during the earlier eDRX work for LTE, LTE-M or NB-IoT. 


[bookmark: _Toc71584267][bookmark: _Hlk71507597]The lower bound for eDRX cycle configuration is 5.12 s.

2.3		Data buffering 
[bookmark: _Hlk68079367]RAN is responsible for downlink data packet buffering when UE is in RRC_INACTIVE. Data packet buffering in RAN can ensure shorter data buffering time than any other node of the upper layers due to the short recurrent RAN paging. However, the RAN buffering impact with less frequent RAN paging was not studied during the RedCap study phase. During eDRX, a mobile Redcap UE may change gNB, which may increase the RAN notification area update signalling. If a last serving gNB buffers DL data and the device moves to a different RNA, there is no mechanism in Rel-15/16 to deliver the data buffered at the last serving gNB to the receiving gNB. According to the current specifications, if the path switch between the CN and the receiving gNB fails, the buffered data would be discarded and lost. The buffered data loss was not considered a problem for the existing RRC_INACTIVE mechanism with the DRX sleep cycle as the baseline assumption was that the device would be in a relatively short sleep cycle in RRC_INACTIVE. But, the lack of support for inter-RNA handover and data forwarding could be a limitation with a longer sleep cycle in RRC_INACTIVE. Because there is no existing mechanism, it would be better for the CN to handle the data buffering. 
[bookmark: _Hlk71282177][bookmark: _Hlk71507482][bookmark: _Toc71584268]From RAN2 perspective it is beneficial if the data is buffered in CN when the UE is unreachable, e.g. when the UE is in eDRX in RRC_INACTIVE.

If data buffering at CN is introduced for UEs configured with eDRX in RRC_INACTIVE, then the CN should have a mechanism to indicate to RAN there is pending data for a UE which is unreachable at the moment (due to eDRX). After such indication, RAN may properly schedule paging to deliver the data to the UE according to the RAN paging cycle. 
Additionally, RAN should provide any necessary information to CN (e.g. on RAN paging cycle) so that CN can estimate the time the UE is unreachable. This will further help CN with procedures which may be impacted due to UE being unreachable during RRC_INACTIVE and CM-CONNECTED. 
[bookmark: _Toc71584269][bookmark: _Hlk71331636]To support CN buffering during RRC_INACTIVE with eDRX, it should be possible to send a data pending indication from CN to RAN when the UE is unreachable. RAN should provide CN with information when and for how long the UE is unreachable. 

3	Conclusion
In the previous sections we made the following observations: 

Observation 1	Common PTW refers to the case where the PTW length and starting location are the same between RAN and CN paging whenever RAN and CN paging coincide.
Observation 2	For UEs in RRC_INACTIVE, RAN may want to configure the UE with a shorter eDRX cycle for RAN paging compared to the CN paging.
Observation 3	Restricting configuration of RAN PTW to equal the length of CN PTW can result in additional UE power consumption.
Observation 4	A common eDRX cycle and PTW where UE monitors both RAN and CN paging may be desirable in some cases. It is up to RAN configuration whether the cycle lengths are the same, and whether the PTW length and starting locations are the same.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For UEs in RRC_INACTIVE, RAN can configure different PTW length for RAN paging compared to the PTW configured for monitoring CN paging.
Proposal 2	As baseline, existing functionality from LTE and LTE-M connected to 5GC is used and updated for calculating PTW for RRC_IDLE, and PTW starting location for RAN paging should follow RAN paging frame calculation, resulting in overlapping PTWs.
Proposal 3	The lower bound for eDRX cycle configuration is 5.12 s.
Proposal 4	From RAN2 perspective it is beneficial if the data is buffered in CN when the UE is unreachable, e.g. when the UE is in eDRX in RRC_INACTIVE.
Proposal 5	To support CN buffering during RRC_INACTIVE with eDRX, it should be possible to send a data pending indication from CN to RAN when the UE is unreachable. RAN should provide CN with information when and for how long the UE is unreachable.

[bookmark: _In-sequence_SDU_delivery]References
RP-210918, “Revised WID on support of reduced capability NR devices”, Nokia, Ericsson, RAN#91e, Online, March 2021.
TR 38.875 V17.0.0, “Study on support of reduced capability NR devices”, V17.0.0 (2021-03).
TS 38.300, “NR and NG-RAN Overall description; Stage-2”, V16.5.0 (2021-03).
TS 36.304, “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) procedures in idle mode”, V16.3.0 (2021-01).
[bookmark: _Ref71551453]TS 23.501, v16.8.0, “System architecture for the 5G system (5GS)”, 3GPP


Appendix

Existing paging mechanisms in 5GC
For RRC_IDLE, extended DRX can be configured by NAS when connected to EPC or when LTE-M or NB-IoT UEs are connected to 5GC. In RRC_IDLE, the UE is expected to monitor for CN initiated paging. 
For RRC_INACTIVE for LTE-M connected to 5GC, it is currently possible for RRC to configure eDRX up to 10.24 seconds. The eDRX features, including the related parameters (i.e. PH, PTW, H-SFN) and corresponding paging operation defined for E-UTRA/5GC, are used as baseline to enable eDRX >10.24sec for both RRC_IDLE and RRC_INACTIVE in NR/5GC
Stage-2 description of paging in 5GC can be found in TS 38.300 clause 9.2.5:
	[bookmark: _Toc37231962][bookmark: _Toc46502019][bookmark: _Toc51971367][bookmark: _Toc52551350][bookmark: _Toc60788002]9.2.5	Paging
Paging allows the network to reach UEs in RRC_IDLE and in RRC_INACTIVE state through Paging messages, and to notify UEs in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED state of system information change (see clause 7.3.3) and ETWS/CMAS indications (see clause 16.4) through Short Messages. Both Paging messages and Short Messages are addressed with P-RNTI on PDCCH, but while the former is sent on PCCH, the latter is sent over PDCCH directly (see clause 6.5 of TS 38.331 [12]).
While in RRC_IDLE the UE monitors the paging channels for CN-initiated paging; in RRC_INACTIVE the UE also monitors paging channels for RAN-initiated paging. A UE need not monitor paging channels continuously though; Paging DRX is defined where the UE in RRC_IDLE or RRC_INACTIVE is only required to monitor paging channels during one Paging Occasion (PO) per DRX cycle (see TS 38.304 [10]). The Paging DRX cycles are configured by the network:
1)	For CN-initiated paging, a default cycle is broadcast in system information;
2)	For CN-initiated paging, a UE specific cycle can be configured via NAS signalling;
3)	For RAN-initiated paging, a UE-specific cycle is configured via RRC signalling;
-	The UE uses the shortest of the DRX cycles applicable i.e. a UE in RRC_IDLE uses the shortest of the first two cycles above, while a UE in RRC_INACTIVE uses the shortest of the three.
The POs of a UE for CN-initiated and RAN-initiated paging are based on the same UE ID, resulting in overlapping POs for both. The number of different POs in a DRX cycle is configurable via system information and a network may distribute UEs to those POs based on their IDs.




In RRC_INACTIVE, the UE is addressed with a RAN-allocated UE identity (I-RNTI) for RAN-initiated paging and with a NAS identity (5G-S-TMSI) for CN-initiated paging. The use of different UE identities in the pagingRecordList enables the UE to behave differently:
· If the UE is addressed with I-RNTI, the UE shall attempt to resume its RRC connection.
· If the UE, while in RRC_INACTIVE state, is addressed with 5G-S-TMSI, the UE shall enter RRC_IDLE state and inform NAS (initiate an establishment of a new RRC Connection).
If eDRX for RRC_IDLE is configured, the UE should monitor paging inside a paging transmission window (PTW) according to shortest of UE-specific DRX value (if configured) and default paging cycle (broadcast in SI). PTW is UE-specific and determined through a Paging Hyperframe (PH) and a starting and ending position of the window within the PH. Figure 3 illustrates the sleep cycle of RRC_IDLE with extended DRX of 20.48 s where PTW length is 2.56 s. Stage-3 description of PO and PTW monitoring for eDRX can be found in TS 36.304 clause 7.3 which applies to LTE and LTE connected to 5GC.

[image: ]
Figure 3. Paging in RRC_IDLE.

For paging DRX in RRC_INACTIVE, as specified for LTE/LTE-M connected to 5GC, the following applies: 
· If eDRX is not configured, the monitored DRX cycle is determined by the shortest of the RAN paging cycle, the UE-specific paging cycle (if configured), and the default paging cycle.
· If eDRX is configured: inside the PTW theDRX cycle is determined by the shortest of the RAN paging cycle, the UE specific paging cycle (if configured) and the default paging, and outside the PTW the DRX cycle is determined by the RAN paging cycle.
Figures 4 and 5 illustrate paging in RRC_INACTIVE with DRX and extended DRX, respectively.

[image: ]
Figure 4. Paging in RRC_INACTIVE with DRX.

[image: ]
Figure 5. Paging in RRC_INACTIVE with 5.12 s RAN paging cycle and eDRX for CN paging.
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