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1 Introduction
In the previous RAN2#112-e, the following agreements were made about e-DRX [1]:
Agreements via email - offline 114:

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. The target REDCAP UE, considering mobility, is not limited to a fixed UE, but can also experience some low mobility, and this, during some “stationary” periods of time.

3. The RRM relaxation of REDCAP UEs is triggered based on measurements, as a baseline. Other triggering conditions for the “level-1” (still device at fixed location) UEs are not excluded, e.g. the possibility to signal their stationary property explicitly.

4. R16 NR RRM relaxation procedures are taken as a baseline to study further enhancements of neighbor cells RRM relaxation for REDCAP UEs in RRC IDLE/INACTIVE.

Agreements:

1. Relaxation of neighbor cells RRM measurements in RRC_CONNECTED will be studied in this SI/WI

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)

In the meanwhile, the post112-email was hotly being discussed regarding to these issues. In this contribution, we give some general views on e-DRX for Redcap Devices.
2 Discussion
2.1 E-DRX for RRC IDLE 
In the previous RAN2 meeting, a compromise agreement has been made that when the e-DRX cycle = 10.24s then PTW and PH would not be used. Theoretically speaking, PTW/PH is not necessary for short e-DRX cycles such as, 5.12s or 10.24s, as this was previously agreed for RRC_INACTIVE state in R16 eMTC connected to 5GC. However, departing from the legacy LTE solution would cause some trouble for 5GC, as the core network would need to identify the Redcap UE by its subscription data. As such we prefer to adopt the LTE solution, i.e., if e-DRX cycle > 10.24s is supported then PTW and PH are used for paging monitoring.

Proposal 1:
For UE in RRC IDLE and e-DRX cycle = 10.24s, it is proposed to reuse the LTE solution and use PTW and PH for paging monitoring.

Regarding to e-DRX upper bound in RRC_IDLE, our preference is 43.69mins (2621.44s). Based on simulation results captured in the TP [2], the gain is saturated at around 40mins. Also, the choice of I-eDRX cycle range should be future proof as well using the H-SFN range. In legacy LTE system, SFN length is 10.24 sec which can guarantee at least 4 paging opportunities with a maximum DRX of 2.56s. In NR, the same rule of 4 paging opportunities should be kept. Assuming a target max e-DRX value of 2261.44s will result in an H-SFN range of 4*e-DRX = 10485.76s. 
Proposal 2: Maximum e-DRX cycle in RRC_IDLE is extended up to 2621.44s (44mins) for REDCAP UEs, as a baseline, i.e. longer value e.g. 10485.76s are not to be considered.

2.2 E-DRX for RRC Inactive
So far, there is no progress regarding the support of e-DRX cycle in RRC_INACTIVE beyond 10.24s. The main concerns are the impact on NAS and the RAN specification complexity. 
We see benefits to support e-DRX for RRC_INACTIVE beyond 10.24s due to the reduced signalling load between gNB and UE without pushing the UE to RRC idle, and as the simulation results we captured in the TP also shows e-DRX for RRC_INACTIVE can extend the UE battery lifetime compared to e-DRX for RRC idle. 
Regarding concerns on possible SA2/CT1 impact, it should be noted that during the R16 eMTC connected to 5GC work item SA2 had captured in the study phase, some options such as solution 38, alternatives 2/3 in TR 23.724[2], as specified below:
	Alternative 2: The UE requests different extended DRX parameters in the registration request to be used when in UE is in CM-IDLE and CM-CONNECTED with RRC_INACTIVE. The AMF may reject or accept the UE request for enabling extended DRX for RRC inactive. If the AMF accepts the use of extended DRX for RRC inactive, the AMF indicates the enabling of extended DRX for inactive to the UE and passes the requested extended RRC inactive DRX parameters to RAN. Then the RAN decides and configures DRX parameters for RRC inactive as specified in TS 38.300 [19].

Alternative 3: The UE requests idle mode eDRX parameters from the AMF. The AMF passes the UE's Accepted idle mode eDRX parameters to the RAN. 
If the UE supports eDRX in RRC inactive, the 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 or up to the maximum value allowed based on the NAS (and SMS) retransmission timers (whichever is lower). The RAN buffers DL packets up to the duration of the eDRX cycle chosen by RAN.


Observation 1: SA2 has available solutions on the table for supporting e-DRX for RRC_INACTIVE.
Regarding the impact on the NAS timers, SA2 consulted CT1 referring to the agreed Alternative 3 of solution 38 in TR 23.724, on the following feature for power saving for RRC_INACTIVE:

	· eDRX RRC_INACTIVE STATE in 5GS (solution 38)
Solution 38 comes in three possible alternatives: for Alternative 3, in particular, eDRX sleep cycles in RRC-INACTIVE are recommended to be supported up to the NAS (and SMS) retransmission timers. 


CT1 replied in [3] about the NAS (and SMS) retransmission timers:

	“Although not motivated by extended DRX, CT1 would however like to inform SA2 that it can be expected that the 5GS NAS retransmission timers will be extended for CIoT devices in Rel-16, as was done for CIoT devices in EPS in Rel-13 (as an example, for UEs in NB-S1 mode, the EPS mobility management timers were extended by 240s, and the EPS session management timers were extended by 180s - see section 4.7 of TS 24.301). The extended 5G NAS timer values will be determined as part of the CT1 5G CIoT work”.


According to TS 24.301, it is possible to extend EPS mobility management and session management timers by 240s and 180s respectively resulting in maximum times before the respective procedures stop of 1200s and 900s when supporting the e-DRX cycle from core network point of view, with the procedures being aborted on the fifth expiry of the relevant management timer. However, CT1 did not clearly specify the upper bound of the e-DRX cycles supported for CM-CONNECTED (for both RRC inactive and RRC connected) without impacting 5GC. So we need to work with SA2/CT1 to determine if these timers may be extended further if we need to adopt longer values for e-DRX.

Observation 2: CT1 has extended the existing EPS SM and MM timers by 180s/240s and the final upper bound of e-DRX can be left to CT1 decision.
The last concern is the impact on the RAN specifications. If e-DRX can be introduced in NR in RRC INACTIVE, RAN2 needs to study how it works properly.
A possible option is Alternative 3 of solution 38 in TR 23.724. As usual, the UE negotiates with AMF for e-DRX configuration (e-DRX cycle, PH, PTW) for CN paging and negotiates with the gNB for another e-DRX configuration (e-DRX cycle, PH, PTW) for RAN paging. As the RAN buffers DL packets for the UE in RRC_INACTIVE, it is natural that RAN decides the e-DRX parameters for RAN paging. In order that the CN is aware whether the UE is not reachable or not, and whether it can manage the NAS procedures properly, it is better that the RAN paging e-DRX configuration can be decided using some assistance information from the CN. As captured above, the RAN configures the UE with an e-DRX cycle in RRC-INACTIVE and this should be up to the value used for the UE's idle mode e-DRX cycle as provided by the AMF, or up to the maximum value allowed based on the NAS retransmission timers (whichever is lower).
A question is how the UE use these two e-DRX configurations (e-DRX cycle, PH, PTW). A simple way is that the UE applies the shortest value of e-DRX cycle and PTW from the CN configuration and RAN configuration, if the UE has to receive both RAN paging and CN paging, i.e. a common e-DRX cycle and a common PTW are adopted for paging monitoring. And within the common PTW, the UE is only required to monitor one of its legacy (PF, PO) during the paging window for either CN paging or RAN paging, and outside of the PTW the UE monitors no paging occasions (POs).

For further simplification, we agree that some common parameters can be shared for monitoring CN paging and RAN paging. Currently for CN paging the PTW provided to UE via NAS signalling during attach/TAU is set according to the paging strategy by the core network, along with other factors such as SFN misalignment among gNBs, latency of N2 interface, gNB scheduling and so on. For RAN paging, some of these factors may potentially affect RAN paging PTW, for example synchronization inaccuracy and gNB processing time. Since the CN is expected to have the overall knowledge of the synchronization performances in both the UE and the gNB, it seems feasible that the CN configures the PTW for both CN and RAN paging for simplicity. 

As an example, the framework for establishing the e-DRX for inactive UE is illustrated below and the detailed discussion can be further discussed in WI.

[image: image1]
Fig. 1 The framework for e-DRX for inactive UE
Notes:
· AMF passes the UE's accepted idle mode eDRX cycle length value to NG-RAN: idle mode eDRX cycle, PTW
· 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 or up to a predefined seconds: inactive mode eDRX cycle;
· When idle mode eDRX and inactive mode eDRX is configured, UEs in RRC_INACTIVE monitor the paging occasions (POs) during common PTW according to the min {UE specific DRX cycle, default DRX cycle, RAN paging cycle} and monitor no paging occasions (POs) outside common PTW. The UE is only required to monitor one of its legacy (PF, PO) during the paging window either for CN paging or RAN paging.
Observation 3: UE in RRC_INACTIVE can consider a common e-DRX cycle and a common PTW configuration for paging monitoring for less specification impact.
Considering that SA2 and CT1 have done some work in the previous release as analysed above, e-DRX for RRC_INACTIVE can be considered for Redcap UE power saving. Once we identify RAN2’s preference, a LS is required to be sent to SA2/CT1 to confirm the feasibility.
Hence, we propose:
Proposal 3: E-DRX for RRC_INACTIVE can be considered for Redcap UE power saving and a LS should be sent to SA2/CT1.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 

For e-DRX in RRC IDLE:
Proposal 1:
For UE in RRC IDLE and e-DRX cycle = 10.24s, it is favoured to follow the LTE way, i.e. to use PTW and PH for paging monitoring.
Proposal 2: E-DRX cycle in RRC_IDLE is extended up to 2621.44s (44mins) for REDCAP UEs, as a baseline, i.e. longer value e.g. 10485.76s are not to be considered.
For e-DRX in RRC Inactive:
Observation 1: SA2 has available solutions on the table for supporting e-DRX for RRC_INACTIVE.

Observation 2: CT1 has extended the existing EPS SM and MM timers to180s/240s and the final upper bound of e-DRX can be left to CT1 decision.
Observation 3: UE in RRC_INACTIVE can consider a common e-DRX cycle and a common PTW configuration for paging monitoring for less specification impact.
Proposal 3: E-DRX for RRC_INACTIVE can be considered for Redcap UE power saving and a LS should be sent to SA2/CT1.
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