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1 Introduction
The following agreements have been achieved in recent RAN2 meetings regarding the eDRX operation of RedCap devices [1]:
	RAN2#115-e:
For RRC_IDLE UE, when eDRX cycle is no longer than 10.24s, T is determined by IDLE eDRX cycle. When eDRX cycle is longer than 10.24s, during the CN PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, and default paging cycle.
Working Assumption:
2.	When IDLE eDRX cycle is longer than 10.24s, CN PTW_start calculation formula defined in LTE is re-used as the baseline, as below. FFS whether CN PTW_start position could be configurable by network and in case which node decides the N value. Note: this formula would be revisited if INACTIVE eDRX cycle can be above 10.24s
	PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:
		SFN = 1024/N* ieDRX, where
		ieDRX = floor(UE_ID_H /TeDRX,H) mod N
		FFS N = 4 or 8, FFS if N can take other values
Agreements online:
1.	For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, FFS which option below is adopted for paging monitoring:
	Option 1: T is determined by the shortest of RAN paging cycle, IDLE eDRX cycle, and default paging cycle.
	Option 2: T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle.
2.	For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, FFS which option below is adopted for paging monitoring:
	Option 1: T is determined by the shortest of RAN paging cycle and default paging cycle.
     Option 2: T is determined by RAN paging cycle.



In this contribution, we discuss the remaining issues for eDRX in RedCap.
2 Discussion
2.1 PTW_start position and Hashed UE ID
Based on the working assumption captured above, the PTWs for groups of UEs are offset from each other by (1024/N) SFNs (for LTE, N=4). The UEs are then distributed uniformly between the PTWs.
Using a fixed value of N=4 (i.e. 256 SFNs between PTW_start positions) means that for small PTW window lengths (i.e. L = 1.28s), there are time gaps where no UE can be paged by the network. This is illustrated in Figure 1 below.
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[bookmark: _Ref68010161]Figure 1 Example with TeDRX=20.48 s, L=1.28 s, N=4 for different UEs

In order to avoid this shortcoming, N can be set to 8, i.e. the offset between the starting positions for PTW_start could be reduced to 128 SFNs.
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Figure 2 Example with TeDRX=20.48 s, L=1.28 s, N=8 for different UEs

As another alternative, the value of N can be determined by the network, and indicated to the UE. However, as the eDRX configuration is provided to the UE via NAS signalling (at least in Idle mode), this option will require further coordination with CT1 working group. In order to reduce inter-WG coordination workload, we propose that in Rel-17, N is simply fixed to 8.
Proposal 1: For Rel-17, N is fixed to 8, i.e. the PTW_start positions are set to multiples of 128 SFNs.

For determining the UE specific eDRX cycle in LTE, when the UE is connected to 5GC, a hashed UE ID based on 5G-S-TMSI is used. The main reasons for using a Hashed ID rather than the S-TMSI itself are 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 hyper-frame. On the other hand, using too many bits of 5G-S-TMSI was considered to be a security risk. Therefore, a Hashed ID that is based on an FCS generated from the 5G-S-TMSI was used.
We propose that the Hashed UE ID calculation in LTE (which is already supported by 5GC) is re-used for RedCap.
Proposal 2: The Hashed UE ID calculation from LTE (TS 36.304) is re-used for eDRX calculations.

2.2 System information change indication
In LTE and NR, 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 broadcast in the modification period following the indication. Modification period is configured as a multiple of defaultPagingCycle.
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Figure 3 SI change indication in NR
If the eDRX cycle is longer than the modification period, the UE can miss the change indication and may not update the SI. To resolve this issue, a new eDRX acquisition period was introduced in LTE. If the eDRX cycle is greater than the modification period, a new SI modification for eDRX indication is transmitted in the Short Message and the UE acquires the updated SI during the next eDRX acquisition period. The boundaries of the eDRX acquisition period are determined by H-SFN values for which H-SFN mod N = 0, where N = 256 for eMTC and N = 1024 for NB-IoT.
Alternatively, the UE could re-acquire (refresh) the SI periodically if the eDRX cycle is larger than the modification period. However this option will have a severe impact on the UE power consumption and should be avoided. We therefore propose that the eDRX acquisition period is introduced in NR as in LTE.
Proposal 3: An eDRX acquisition period and a new Short Message to indicate SI modification for eDRX (e.g. systemInfoModification-eDRX) are introduced in NR. If the eDRX cycle configured for the UE is longer than the modification period, the UE applies the eDRX acquisition period.
The duration of the eDRX acquisition period is determined by the maximum value of the eDRX cycle. For eMTC, it corresponds to 2621.44 s or 256 H-SFNs, for NB-IoT, it corresponds to 10485.76 s or 1024 H-SFNs. If the maximum eDRX cycle for NR is agreed to be 10485.76 s as in NB-IoT (following the response from SA2/CT1), then the eDRX acquisition period for NR can also have the same value as NB-IoT, i.e. 1024 H-SFNs. As another alternative, eDRX acquisition period could be configurable by the network, but this would have a signalling overhead and require a tighter coordination between RAN and CN. We think that it is simpler to have a fixed eDRX acquisition period in NR as in LTE.
Proposal 4: eDRX acquisition period is set to the maximum configurable value for the eDRX cycle.
Currently in NR, the UE deletes any stored version of a SIB after 3 hours from the moment it was successfully confirmed as valid [2]. If the eDRX cycle is large (e.g. 10485.76 s or 2.91 hours), then the UE will have to re-acquire SI at every eDRX cycle. In LTE, for UEs that can be configured with eDRX (e.g. NB-IoT), the validity time has been extended to 24 hours [3]. We think that the same principle can be applied for UEs configured with eDRX in NR.
Proposal 5: For UEs configured with eDRX, the validity time for SI is extended to 24 hours.

2.3 Determining T in RRC_INACTIVE
As captured by the above agreements, there were some discussions in the last RAN2 meeting about whether the default paging cycle should be considered or not for T (DRX cycle for the UE) in RRC_INACTIVE mode.
There are two cases under discussion:
1. When IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured:
Option 1: T is determined by the shortest of RAN paging cycle, IDLE eDRX cycle, and default paging cycle.
Option 2: T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle.

2. When IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW:
Option 1: T is determined by the shortest of RAN paging cycle and default paging cycle.
Option 2: T is determined by RAN paging cycle.

In LTE, if eDRX is configured, the DRX cycle (T) in RRC_INACTIVE is determined as [4]:
	In RRC_INACTIVE state if extended DRX is configured by upper layers according to 7.3:
-	If a UE specific extended DRX value of 512 radio frames is configured, T is determined by the shortest of the RAN paging cycle, if configured, and 512 radio frames.
-	If a UE specific extended DRX value other than 512 radio frames is configured:
-	During the PTW, T is determined by the shortest of the RAN paging cycle, if configured, the UE specific paging cycle, if allocated by upper layers, and the default paging cycle. Outside the PTW, T is determined by the RAN paging cycle, if configured.



It is clear that the default paging cycle is not considered for either case in LTE. Following the same principle in NR, Option 2 should be selected for both cases, i.e. without the default paging cycle. Note that if the default paging cycle was considered, it would not be possible for the network to reduce the PDCCH monitoring of the RRC_INACTIVE UE less than the default paging cycle, which would negatively impact the UE power consumption.
Additionally, according to the previous agreement quoted above, in RRC_IDLE when eDRX cycle is no longer than 10.24s, T is determined by IDLE eDRX cycle, and default paging cycle is not considered. If missing SI change notification is not an issue in RRC_IDLE for this case, we think that it should also not be an issue in RRC_INACTIVE.
The SI change notification for eDRX should be handled separately with a new eDRX acquisition period, as explained above.
Proposal 6: For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle.
Proposal 7: For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, T is determined by RAN paging cycle.

3 Conclusion
In this contribution, we discuss further considerations for eDRX support in RedCap and have the following proposals:
Proposal 1: For Rel-17, N is fixed to 8, i.e. the PTW_start positions are set to multiples of 128 SFNs.
Proposal 2: The Hashed UE ID calculation from LTE (TS 36.304) is re-used for eDRX calculations.
Proposal 3: An eDRX acquisition period and a new Short Message to indicate SI modification for eDRX (e.g. systemInfoModification-eDRX) are introduced in NR. If the eDRX cycle configured for the UE is longer than the modification period, the UE applies the eDRX acquisition period.
Proposal 4: eDRX acquisition period is set to the maximum configurable value for the eDRX cycle.
[bookmark: _GoBack]Proposal 5: For UEs configured with eDRX, the validity time for SI is extended to 24 hours.
Proposal 6: For RRC_INACTIVE UE, when IDLE eDRX cycle is no longer than 10.24s and INACTIVE eDRX cycle is not configured, T is determined by the shortest of RAN paging cycle and IDLE eDRX cycle.
Proposal 7: For RRC_INACTIVE UE, when IDLE eDRX cycle is longer than 10.24s and INACTIVE eDRX cycle is not configured, outside CN PTW, T is determined by RAN paging cycle.
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