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1 Introduction
In RAN2#113bis-e meeting, various agreements have been reached regarding the eDRX operation for RedCap [1]:

Agreements:
1. RAN decides and configures eDRX via RRC for RRC_INACTIVE (FFS on the need and details of coordination with the CN)
2. 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)

Agreements - via email (from offline [101]):
1. 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).
2. 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
3. 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.
4. 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 contribution, we discuss some remaining issues for supporting eDRX in RedCap.
2 Discussion
2.1 PH/PTW calculations for eDRX
It was agreed during the RedCap study item that, if the eDRX cycle is larger than 10.24 s, the eDRX mechanism will include the use of H-SFN, PH and PTW, similar to LTE [2].
In LTE and NB-IoT, the paging hyper-frame (PH) is the H-SFN satisfying the following equation [3]:
	H-SFN mod TeDRX,H= (UE_ID_H mod TeDRX,H), where
	[bookmark: _Ref54016306]Eq 1


-	UE_ID_H:
- 10 most significant bits of the Hashed ID, if P-RNTI is monitored on PDCCH or MPDCCH
- 12 most significant bits of the Hashed ID, if P-RNTI is monitored on NPDCCH
-	T eDRX,H : eDRX cycle of the UE in Hyper-frames, (TeDRX,H =1, 2, …, 256 Hyper-frames) (for NB-IoT, TeDRX,H =2, …, 1024 Hyper-frames) and configured by upper layers.
PTW_start, the first radio frame of the PH that is part of the PTW, has SFN satisfying the following equation:
	SFN = 256* ieDRX, where
	[bookmark: _Ref54017162]Eq 2


-	ieDRX = floor(UE_ID_H /TeDRX,H) mod 4
PTW_end, the last radio frame of the PTW, has SFN satisfying the following equation:
	SFN = (PTW_start + L*100 - 1) mod 1024, where
	[bookmark: _Ref54017164]Eq 3


-	L = Paging Time Window length (in seconds) configured by upper layers
It can be observed from the formulas that, from the network point of view, an eDRX cycle consists of a number of PTWs offset from each other by 256 SFNs. The UEs are then distributed uniformly between the PTWs. However note that this is based on the assumption that the same eDRX configuration is applied to all UEs. In reality, there can be differences between the eDRX configurations of the UEs, which means a completely uniform distribution of UEs may not always be achieved.
An example configuration with TeDRX=20.48 s and L=5.12 s can be illustrated in Figure 1 below.
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[bookmark: _Ref68008648]Figure 1 Example with TeDRX=20.48 s and L=5.12 s for different UEs

The maximum value for the eDRX cycle and the number of possible PTW_start offsets in a hyper-frame dictate the number of bits of the UE identity (e.g. Hashed ID) that is used in the formulas. For example, to support a maximum eDRX cycle of 10485.76 s 10 bits are needed (to cover 1024 hyper-frames), and additionally to support 4 starting offsets 2 more bits are needed, therefore in total 12 bits of UE identity are used in the eDRX formulas for NB-IoT (i.e. NPDCCH case).
The range for the PTW length (L) should also be defined for RedCap. In LTE, PTW length can take values between 1.28 s and 20.48 s for eMTC and 2.56 s and 40.96 s for NB-IoT. For RedCap, due to the wide range of scenarios and use cases, we can use the combined range of LTE/NB-IoT, i.e. 1.28 s - 40.96 s. This can cover the use cases where minimizing the delay for the paging response is important, such as wearables, as well as the use cases where the power savings is a critical factor, such as industrial sensors. The exact values within this range can be discussed further.
Proposal 1: The minimum and maximum PTW length values in RedCap are 1.28 s and 40.96 s respectively. Other values within this range are FFS.
Fixing the number of possible PTW_start positions in a hyper-frame to 4 (i.e. 256 SFNs between each other) introduces some limitations for the network configuration of eDRX for multiple UEs. For example, for small values of L (1.28 s), there may be time gaps where no UE can be paged by the network. This can be illustrated in Figure 2 below.
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[bookmark: _Ref68010161]Figure 2 Example with TeDRX=20.48 s and L=1.28 s for different UEs

As an enhancement, the offset between PTW_start positions can be configurable by the network, and the formulas above can be updated accordingly. This can enable the network to schedule the paging cycles for multiple UEs in a more flexible and efficient manner. Note that this will have an effect on the number of UE_ID_H bits used in the formulas (for example, if the offset is 128 SFN instead of 256 SFN, one more bit of UE_ID_H will be used in the formulas).
Alternatively, the offset between the starting positions for PTW_start could be reduced to 128 SFNs. This will require one more bit of UE_ID_H to be used in the PH/PTW calculations.
Proposal 2: RAN2 to select from the following options regarding the PTW_start positions:
1. Configurable by the network (i.e. not fixed to multiples of 256 SFNs as in LTE)
2. Fixed to multiples of 128 SFNs.
3. Fixed to multiples of 256 SFNs as in LTE (at a potential cost of gaps between PTWs).

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 S-TMSI or IMSI was considered as a security risk. Therefore, a Hashed ID that is based on an FCS generated from S-TMSI was used.
We think that the Hashed UE ID calculation in LTE should be re-used for RedCap, which is already supported by 5GC.
Proposal 3: The Hashed UE ID calculation from LTE (TS 36.304) is re-used in eDRX calculations.

2.2 Indication of eDRX allowed in the cell
In LTE, whether the eDRX is allowed in a cell or not is indicated by the eDRX-Allowed flag carried in SIB1. The UE may operate in extended DRX only if the UE is configured by upper layers and the cell indicates support for eDRX in System Information. The UE stops using extended DRX if eDRX-Allowed is not present after cell reselection. On the other hand, in NB-IoT eDRX support is mandatory in the network and therefore a separate flag was not necessary.
For RedCap, two options can be considered:
1. Not all NR RedCap cells support eDRX. A flag in system information is needed to indicate whether a cell supports eDRX or not. This could be broadcast in system information as in eMTC, e.g. in SIB1. When the UE moves to a cell that does not support eDRX, it stops the eDRX operation, if configured.
2. All RedCap cells have to support eDRX. In this case a flag on cell basis in system information is not needed. Note however that forcing all RedCap cells to support eDRX might limit deployment options.
Proposal 4: RAN2 to select from one of the following options regarding the eDRX support in a RedCap cell:
1. Not all RedCap cells support eDRX operation and if supported it is indicated by a flag (e.g. eDRX-Allowed) in SIB1. When the UE moves to a cell that does not support eDRX, it stops the eDRX operation.
2. All RedCap cells support eDRX operation (no eDRX allowed flag is needed in system information).

2.3 RRC_IDLE/INACTIVE configurations
It is already agreed in RAN#113bis-e meeting that the eDRX cycle for RRC_IDLE and RRC_INACTIVE can be different [1]. However, whether the PTW length and starting point (when eDRX cycle is > 10.24 s) for RRC_IDLE and RRC_INACTIVE can be different or not is still under discussion.
If the difference between the eDRX cycle for IDLE and INACTIVE is large, then it may be difficult to use the same PTW length value for both. For example when eDRX cycle of 2621.44 s is configured for IDLE and 20.48 s configured for INACTIVE, the PTW length values that are >= 20.48 s cannot be used for INACTIVE, although they can be used for IDLE. In this case, it does not make sense to force the same PTW length for IDLE and INACTIVE. It could be best to leave this decision to network, i.e. enable separate configurations for IDLE and INACTIVE.
Proposal 5: Different PTW length values can be configured for RRC_IDLE and RRC_INACTIVE.

If the PTW_start positions are configurable (as per Option 1 in Proposal 2 above), then it can similarly be argued that it should be possible to configure different values for IDLE and INACTIVE. However, if the PTW_start positions are fixed, there is not much value in having different fixed values for RRC_IDLE and RRC_INACTIVE, and the same value could be used for both IDLE and INACTIVE, i.e. multiples of either 256 or 128 SFNs.
Proposal 6: For the PTW start positions in RRC_IDLE and RRC_INACTIVE, RAN2 to consider one of the following options:
1. If the PTW_start positions are configurable by the network, different values can be configured for RRC_IDLE and RRC_INACTIVE.
2. If the PTW_start positions are fixed in the specifications (e.g. multiples of 256 or 128 SFNs), the same value applies to RRC_IDLE and RRC_INACTIVE.

3 Conclusion
In this contribution, we discuss some remaining issues for supporting eDRX in RedCap and have the following proposals:
Proposal 1: The minimum and maximum PTW length values in RedCap are 1.28 s and 40.96 s respectively. Other values within this range are FFS.
Proposal 2: RAN2 to select from the following options regarding the PTW_start positions:
1. Configurable by the network (i.e. not fixed to multiples of 256 SFNs as in LTE)
2. Fixed to multiples of 128 SFNs.
3. Fixed to multiples of 256 SFNs as in LTE (at a potential cost of gaps between PTWs).

Proposal 3: The Hashed UE ID calculation from LTE (TS 36.304) is re-used in eDRX calculations.
Proposal 4: RAN2 to select from one of the following options regarding the eDRX support in a RedCap cell:
3. Not all RedCap cells support eDRX operation and if supported it is indicated by a flag (e.g. eDRX-Allowed) in SIB1. When the UE moves to a cell that does not support eDRX, it stops the eDRX operation.
4. All RedCap cells support eDRX operation (no eDRX allowed flag is needed in system information).

Proposal 5: Different PTW length values can be configured for RRC_IDLE and RRC_INACTIVE.
Proposal 6: For the PTW start positions in RRC_IDLE and RRC_INACTIVE, RAN2 to consider one of the following options:
3. If the PTW_start positions are configurable by the network, different values can be configured for RRC_IDLE and RRC_INACTIVE.
4. If the PTW_start positions are fixed in the specifications (e.g. multiples of 256 or 128 SFNs), the same value applies to RRC_IDLE and RRC_INACTIVE.
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