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1. Introduction

CT1 has received an LS from RAN2 on extended DRX for RedCap UEs (C1-212839/R2-2104374) to provide feedback on the RAN2 agreed points and to evaluate whether it is feasible to specify extended DRX up to 10485.76 s for RRC_IDLE and RRC_INACTIVE.
This paper attempts to analyse the NAS impact of RAN2 agreed points and the feasibility of eDRX with eDRX cycle up to 10485.76s for RedCap UEs in NR/5GCN, and finally propose the feedback in the reply LS.

2. Discussion
2.1 Background
As indicated in RAN2 LS (C1-212839/R2-2104374), RAN2 has started work on the support of reduced capability (RedCap) NR devices according to WID in RP-210918. The RAN2 LS provided the following objectives on introduction of extended DRX for RedCap UEs. The yellow highlighted text is related to NAS part.
	· 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.


The LS also indicates the following agreements on extended DRX for RedCap UEs and requests SA2/CT1 for feedback. The yellow highlighted text is related to NAS part.
	· 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 would like to ask whether it is feasible from SA2 and CT1 perspective to introduce extended DRX up to 10485.76 s in RRC_IDLE and RRC_INACTIVE and if feasible, to specify the necessary support. 

RAN2 would like SA2 and CT1 to take the above aspects into consideration in their work and further consult with RAN2 if needed.

2.2 Current situation for eDRX in 5G
2.2.1 eDRX in 5GMM-IDLE(RRC_IDLE)
Currently, eDRX in 5GMM-IDLE is only supported in WB-N1 mode and NB-N1 mode, i.e., only in E-UTRA connected to 5GCN (E-UTRA/5GCN). eDRX is not supported in 5GMM-IDLE by NR connected to 5GCN (NR/5GCN).
In WB-N1 mode, as per definition in TS 24.008 subclause 10.5.5.32, the maximum eDRX cycle can be up to 2621.44s (about 43.69m).
In NB-N1 mode, as per definition in TS 24.008 subclause 10.5.5.32, the maximum eDRX cycle can be up to 10485.76s (about 2.91h).
To adapt the eDRX cycle used in eDRX when the network needs to page the UE, the paging timer at the AMF is also extended for WB-N1/NB-N1 mode (see below timer table definition from TS 24.501 subclause 10.2):
"Table 10.2.2: Timers of 5GS mobility management – AMF side

	TIMER NUM.
	TIMER VALUE
	STATE
	CAUSE OF START
	NORMAL STOP
	ON 
EXPIRY

	T3513

NOTE 7 

NOTE 9
	NOTE 4
	5GMM-REGISTERED
	Paging procedure initiated
	Paging procedure completed as specified in subclause 5.6.2.2.1
	Network dependent


NOTE 4:
The value of this timer is network dependent.

NOTE 7:
In NB-N1 mode, the timer value shall be calculated by using an NAS retransmission timer value which is network dependent.
NOTE 9:
In WB-N1 mode, if the UE supports CE mode B, then the timer value shall be calculated by using an NAS retransmission timer value which value is network dependent."
2.2.2 eDRX in 5GMM-CONNECTED mode with RRC inactive indication (RRC_INACTIVE)
Currently, eDRX in RRC_INACTIVE is only supported in WB-N1 mode, i.e., only in E-UTRA/5GCN. eDRX is not supported in RRC_INACTIVE by NR/5GCN.
About the eDRX cycle in RRC_INACTIVE can be used in WB-N1 mode, it was already discussed in the past under Rel-16 5G_CIOT WID triggered by SA2 LS (C1-191020/S2-1900978). After several rounds of LS exchange between SA2, RAN2, CT1 and CT4, finally, it was agreed that the maximum eDRX cycle in RRC_INACTIVE is up to 10.24s (see below SA2 text in TS 23.501 subclause 5.31.7.2):
"For RAT types that support extended DRX for CM-CONNECTED with RRC Inactive state, the AMF passes the UE's accepted idle mode eDRX cycle length value to NG-RAN. 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 idle mode eDRX cycle as provided by the AMF in "RRC Inactive Assistance Information" as defined in clause 5.3.3.2.5 or up to 10.24 seconds (whichever is lower)."
One of reason to make above agreement is due to CT1 indicated in their rely LS (C1-191389) that longer eDRX cycle in RRC_INACTIVE will cause NAS message retransmission or NAS procedure failure (see below text excerpted from CT1 reply LS C1-191389).
"The smallest NAS retransmission specified in 5GS for Rel-15 timer is 6s and it is associated with mobility management procedures at the AMF. For a UE in 5GMM-CONNECTED mode, extending the DRX cycle beyond 6s without extending NAS retransmission timers will lead to an increase in NAS message retransmissions. 

NAS messages are retransmitted 4 times before the procedure is considered to have failed i.e. the total time that elapses between the initial transmission and a procedure failure, for a NAS retransmission timer of 6s, is 30s. 

For UEs in 5GMM-CONNECTED mode with RRC inactive indication, the impacts of extending DRX are like those highlighted above for the case of 5GMM-CONNECTED mode, however additional delays can be expected due to the need to page the UE to resume the RRC connection and transition to 5GMM-CONNECTED mode. The exact time that is required to page the UE and resume a connection is best determined by RAN2."
Note that from the 5GCN perspective, the UE in RRC_INACTIVE is actually in 5GMM-CONNECTED mode, i.e. the same NAS retransmission timer is applied for the UE in RRC_INACTIVE and in 5GMM-CONNECTED mode.
2.3 NAS impact analysis of eDRX for RedCap UEs
2.3.1 eDRX in 5GMM-IDLE(RRC_IDLE) for RedCap UEs
As Redcap UE is accessing 5GC via NR, so based on such RAN2 work, then eDRX is supported in 5GMM-IDLE by NR/5GCN.
As per RAN2 agreements indicated in the LS, RAN2 intends to copy the same principle of eDRX feature for E-UTRA/5GCN, to NR/5GCN. However, in E-UTRA/5GCN, different maximum eDRX cycle is used in different modes (i.e. WB-N1 mode and NB-N1 mode). As RAN2 indicated that the eDRX cycle in 5GMM-IDLE can be up to 10485.76s, which is the same as the maximum eDRX cycle in NB-N1 mode in E-UTRA/5GCN. So it seems RAN2 is just to copy the principle of eDRX feature for NB-N1 mode to RedCap UEs in NR/5GCN.
However, as per documented in RAN2 WID RP-210918, the related requirements for RedCap UEs are higher than LPWA (i.e. LTE-MTC/NB-IoT) but lower than URLLC and eMBB which mainly covering following three use cases:
(1) Industrial wireless sensors;
(2) Video surveillance; and
(3) Wearables.
With this, the use case and requirements for RedCap UE and NB-IoT UE are somehow different. So one may wonder that why RAN2 does not copy the same principle of eDRX feature for WB-N1 mode to RedCap UEs in NR/5GCN?
Anyway, even to copy the same principle of eDRX feature for NB-N1 mode to RedCap UEs in NR/5GCN, then to avoid the paging retransmission at the AMF, similar as done for NB-N1 mode, the paging timer at the AMF needs also to be extended for RedCap UEs. This requires the AMF needs to know the UE is a RedCap UE and eDRX is used for it.
Based on above discussion, we could have:
Observation #1: It is feasible to support eDRX for 5GMM-IDLE(RRC_IDLE) with eDRX cycle up to 10485.76s for RedCap UEs in NR/5GCN if the AMF knows the UE is a RedCap UE and eDRX is used for it.

One point needs to be noted that the periodic registration update timer T3512 at the UE has the default value with 54m. Even the network can provide the T3512 value in the T3512 value IE in the registration accept message and the T3512 value IE is a GPRS timer 3 type IE, but the network could still provide the value close to the default value to the UE. Hence, if the UE uses the default value (54m) for periodic registration update, then it does not make sense to use eDRX for 5GMM-IDLE(RRC_IDLE) with eDRX cycle > 54m. Based on the observation in the field, normally the network will not provide very longer time value for periodic registration update. That is to say, it is often case that the UE used the default value in the field. The UE in NB-N1 mode can use the extended periodic registration update timer which may be very longer (e.g. tens of hours). But based on the use case and requirements for Redcap UEs, it is not so suitable to use longer periodic registration update timer.
Observation #2: If the Redcap UE uses the default value (=54m) for its periodic registration update timer, it does not make sense to use eDRX for 5GMM-IDLE(RRC_IDLE) with eDRX cycle > 54m.

2.3.2 eDRX in 5GMM-CONNECTED mode with RRC inactive indication (RRC_INACTIVE) for RedCap UEs
As Redcap UE is accessing 5GC via NR, so based on such RAN2 work, then eDRX is supported in RRC_INACTIVE by NR/5GCN.
As the UE in RRC_INACTIVE is actually in 5GMM-CONNECTED mode at the 5GCN, hence, we need to check the current NAS retransmission timer value at the 5GCN used in 5GMM-CONNECTED mode.
As per timer table definition in TS 24.501, the lowest of the NAS retransmission timer value is 6s at the AMF side, hence, the eDRX cycle in 5GMM-CONNECTED mode >6s will lead to an increase in NAS message retransmissions.
If the timer expires at the AMF before a response is received from the UE, the AMF will re-transmit the message up to 4 times before the procedure is then considered to have failed. By the 4th retransmission, the total time that would have elapsed would be 30s (i.e. total of 5 transmissions), and hence the eDRX cycle <30s can be applied at the expense of retransmissions and the eDRX cycle >30s will lead to increased procedure failures at 5GCN.
Observation #3: Without NAS retransmission timer extension, eDRX cycle in RRC_ACTIVE with >6s will increase NAS message retransmissions and eDRX cycle in RRC_ACTIVE with >30s will lead to NAS procedure failures.

Furthermore, under Rel-16 5G_CIoT WID, CT1 has extended NAS retransmission timers for NB-N1 mode and WB-N1/CE mode with following extension:
Table 1: NAS retransmission timer extension in E-UTRA/5GCN
	NAS retransmission timer
	UE mode
	Extended NAS timer value

	5GMM
	NB-N1 mode
	UE side: regular value in table 10.2.1 + 240s, maximum value = 300s (e.g. T3519)

AMF side: regular value in table 10.2.2 + 240s, maximum value = 255s (e.g. T3575)

	
	WB-N1 mode
	UE side: new value in table 10.2.1, maximum value = 120s (e.g. T3525)

AMF side: new value in table 10.2.2, maximum value = 60s (e.g. T3575)

	5GSM
	NB-N1 mode
	UE side: regular value in table 10.3.1 + 180s, maximum value = 196s (e.g. T3580)

SMF side: regular value in table 10.3.2 + 180s, maximum value = 240s (e.g. T3593)

	
	WB-N1 mode
	UE side: new value in table 10.3.1, maximum value = 24s (e.g. T3580)

SMF side: new value in table 10.3.2, maximum value = 60s (e.g. T3593)


So currently, even for the NB-N1 mode in E-UTRA/5GCN, the maximum NAS retransmission timer value at the network is 255s. As per RAN2 agreements indicated in the LS, RAN2 intends to copy the same principle of eDRX feature for E-UTRA/5GCN, to NR/5GCN. Then, if CT1 copies the same NAS retransmission timer extension for NB-N1 mode or WB-N1 mode in E-UTRA/5GCN to NR/5GCN, then it is infeasible to support eDRX for RRC_INACTIVE with eDRX cycle up to 10485.76s for RedCap UEs in NR/5GCN as it is much larger than the current maximum NAS retransmission timer value at the network (i.e. 255s).
Observation #4: If CT1 copies the same NAS retransmission timer extension for NB-N1 mode or WB-N1 mode in E-UTRA/5GCN to NR/5GCN, it is infeasible to support eDRX for RRC_INACTIVE with eDRX cycle up to 10485.76s for RedCap UEs in NR/5GCN.
In order to support eDRX for RRC_INACTIVE with eDRX cycle up to 10485.76s for RedCap UEs in NR/5GCN, then:

(1) To avoid NAS message retransmission at the network, considering RAN paging delay, RRC resume delay and additional lower layer transmission delay, the NAS retransmission timer will be extended to about 3h.

(2) To avoid NAS procedure failure, considering RAN paging delay, RRC resume delay and additional lower layer transmission delay, the NAS retransmission timer will be extended to about 0.6h (= 36m).
Observation #5: In order to support eDRX for RRC_INACTIVE with eDRX cycle up to 10485.76s for RedCap UEs in NR/5GCN,  to avoid NAS message retransmission at the network, the NAS retransmission timer needs to be extended to about 3h and to avoid NAS procedure failure, the NAS retransmission timer needs to be extended to about 0.6h (= 36m).

Similar as done for NAS retransmission timer extension in E-UTRA/5GCN, the AMF needs to know the UE is in NB-N1 mode or WB-N1/CE mode. Hence, for NAS retransmission timer extension for RedCap UEs in NR/5GCN, the AMF needs to know the UE is a RedCap UE and eDRX is used for it.
When the NAS retransmission timer is extended to such large value (about 3h), following problems related to NAS happen:
(1) The DL NAS procedure or any other procedures which triggered the DL NAS procedure will be delayed for very long time. This will impact the user experience very much, typically the MT VoNR voice call will be delayed so long time which is unacceptable for the user.

(2) The AMF has to suspend all DL 5GSM messages when a DL 5GMM procedure is ongoing but delayed very long time due to eDRX. Considering the AMF can serve millions of the UE and hence such large eDRX cycle will easily make the AMF overloaded.
(3) The collision of UL NAS procedure and DL NAS procedure will happen more often as the DL NAS procedure will be delay very long time and during which, it is more likely the UE needs to initiate the UL NAS procedures. Such procedure collisions are treated as abnormal case in NAS protocol which should be avoided as far as possible.

Observation #6: The NAS retransmission timer extended to about 3h can cause some problems related to NAS, e.g. bad user experience due to delayed DL NAS procedure, the AMF can be easily overloaded due to suspend all DL 5GSM messages, and NAS procedure collisions happen more often.
3 Conclusion
Based on the information provided by RAN2 LS, this paper has analysed analysed the NAS impact of RAN2 agreed points and the feasibility of eDRX with eDRX cycle up to 10485.76s for RedCap UEs in NR/5GCN.
Based on NAS impact analysis in section 2.3, we have following observations:

Observation #1: It is feasible to support eDRX for 5GMM-IDLE(RRC_IDLE) with eDRX cycle up to 10485.76s for RedCap UEs in NR/5GCN if the AMF knows the UE is a RedCap UE and eDRX is used for it.

Observation #2: If the Redcap UE uses the default value (=54m) for its periodic registration update timer, it does not make sense to use eDRX for 5GMM-IDLE(RRC_IDLE) with eDRX cycle > 54m.

Observation #3: Without NAS retransmission timer extension, eDRX cycle in RRC_ACTIVE with >6s will increase NAS message retransmissions and eDRX cycle in RRC_ACTIVE with >30s will lead to NAS procedure failures.

Observation #4: If CT1 copies the same NAS retransmission timer extension for NB-N1 mode or WB-N1 mode in E-UTRA/5GCN to NR/5GCN, it is infeasible to support eDRX for RRC_INACTIVE with eDRX cycle up to 10485.76s for RedCap UEs in NR/5GCN.

Observation #5: In order to support eDRX for RRC_INACTIVE with eDRX cycle up to 10485.76s for RedCap UEs in NR/5GCN,  to avoid NAS message retransmission at the network, the NAS retransmission timer needs to be extended to about 3h and to avoid NAS procedure failure, the NAS retransmission timer needs to be extended to about 0.6h (= 36m).

Observation #6: The NAS retransmission timer extended to about 3h can cause some problems related to NAS, e.g. bad user experience due to delayed DL NAS procedure, the AMF can be easily overloaded due to suspend all DL 5GSM messages, and NAS procedure collisions happen more often.

Based on above observations, in the reply LS to RAN2, we would propose to provide following feedback to RAN2:

(1) It is feasible to support eDRX for 5GMM-IDLE(RRC_IDLE) with eDRX cycle up to 10485.76s for RedCap UEs in NR/5GCN if the AMF knows the UE is a RedCap UE and eDRX is used for it. However, if the Redcap UE uses the default value (=54m) for its periodic registration update timer, it does not make sense to use eDRX for 5GMM-IDLE(RRC_IDLE) with eDRX cycle > 54m.
(2) If CT1 copies the same NAS retransmission timer extension for NB-N1 mode or WB-N1 mode in E-UTRA/5GCN to NR/5GCN, it is infeasible to support eDRX for RRC_INACTIVE with eDRX cycle up to 10485.76s for RedCap UEs in NR/5GCN as it will cause NAS message retransmission and NAS procedure failure.
(3) In order to support eDRX for RRC_INACTIVE with eDRX cycle up to 10485.76s for RedCap UEs in NR/5GCN,  to avoid NAS message retransmission at the network, the NAS retransmission timer needs to be extended to about 3h and to avoid NAS procedure failure, the NAS retransmission timer needs to be extended to about 0.6h (= 36m).
(4) The NAS retransmission timer extended to about 3h can cause some problems related to NAS, e.g. bad user experience due to delayed DL NAS procedure, the AMF can be easily overloaded due to suspend all DL 5GSM messages, and NAS procedure collisions happen more often.
The draft reply CT1 LS covering above feedback can be found in C1-213395.

