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1. Introduction
In RAN2#121, the following agreements on enhanced eDRX in RRC_INACITVE have been achieved. 
	The formula of PH/PTW for IDLE eDRX can be reused for enhanced INACTIVE eDRX, for eDRX cycles longer than 10.24s.
RAN2 confirms the R17 agreements made at RAN2#114 for enhanced INACTIVE eDRX: 
-	It is up to RAN to configure the length for PTW for RAN paging, the RAN PTW length can be different from the CN PTW length.
-	When RAN and CN paging coincide in the same PH, the actually used PTW starting location is the same for RAN and CN paging. FFS how to calculate the PTW starting location so that it is the same for RAN and CN PTW.
PTW length value range of enhanced INACTIVE eDRX is same as IDLE eDRX, i.e. from 1.28s to 40.96s in the step of 1.28s.
Long eDRX cycle (>10.24 s) value range of enhanced INACTIVE eDRX is same as IDLE eDRX from 20.48s to 10485.76s, i.e. hf2, hf4, hf8, hf16, hf32, hf64, hf128, hf256, hf512, hf1024
Add the configuration of eDRX cycle (>10.24 s) and PTW length for enhanced INACTIVE eDRX in the RRCRelease message
Introduce 1 bit indication in SIB1 whether UEs are allowed to use the enhanced INACTIVE eDRX cycle.
FFS if/how to fallback for a UE which is configured with R18 eDRX but the gNB doesn’t indicate support for this.
RAN2 confirms the enhanced INACTIVE eDRX can be applied to all R18 UEs. FFS if it can only be supported by UEs which support R17 eDRX.
Indicate to [RAN3/SA2/CT1] that RAN2 intends to configure INACTIVE eDRX (beyond 10.24s) together with SDT (both MO and/or MT versions of SDT), and ask for feedback, if any.



In this paper, we will discuss some INACTIVE eDRX related issues.
2. [bookmark: OLE_LINK139][bookmark: OLE_LINK140]Discussion
2.1. PTW mechanism
Issue 1: how to achieve the same PTW starting location in overlapped PH
With introduction of enhanced INACTIVE eDRX (> 10.24s), there may be a case wherein a RRC_INACTIVE UE is configured with INACTVE eDRX (e.g., TeDRX_RAN >10.24s) and IDLE eDRX (e.g., TeDRX_CN >10.24s). When TeDRX_RAN is not equal to TeDRX_CN, the PTW starting locations may not be the same, just as shown below. To align them, there may be following ways.
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Figure 1. Illustration of PTW starting locations for INACTVE eDRX and DLE eDRX
One way to achieve the same PTW starting location is using the same eDRX cycle when determining the PTW_start. Since the reason for different PTW starting location is due to the fact that TeDRX_RAN and TeDRX_CN are different, a unified eDRX cycle ensures the same PTW starting locations. For example, using the TeDRX_CN instead of TeDRX_RAN to calculate the PTW_start for RAN PTW. In this case, there are RAN configured PTW and CN configured PTW to be used in overlapped PH, and the UE configured with enhanced INACTIVE eDRX shall use the same PTW_start as for CN paging.
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Figure 2. Illustration of using the same eDRX cycle when determining the PTW_start
Another way is only using one PTW (e.g. the CN configured PTW) for paging reception in overlapped PH. As the UE in any case is required to monitor CN paging to avoid state mismatch, it is proposed that the UE always follows the CN configured PTW in overlapped PH for monitoring paging for both CN paging and RAN paging. And it requires the gNB sends RAN paging in CN configured PTW. In this case, the UE in RRC_INACTIVE uses both the same PTW_start and PTW_end, that is the CN configured PTW. 
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Figure 3. Illustration of using one PTW e.g. the CN configured PTW
One may argue that choosing the RAN configured PTW also works if the CN updates its IDLE eDRX paging scheme to align with RAN configured PTW. This requires RAN to provide necessary assistance information to CN about RAN PTW configuration, and CN changes its configuration according to gNB’s configuration, which introduces a big impact on the CN and generally not aligned with the current configuration principle between CN and gNB. Based on TS 23.501, the CN takes the local policy into account for assigning PTW length, using RAN configured PTW to override the CN configured PTW may deviate the local policy. Besides, considering that CN configured PTW length is typically larger than the RAN configured PTW length, only using the RAN configured PTW may miss some occasions for CN paging. Moreover, according to current SA2 work, the INACTIVE eDRX configuration is included in the N2 message triggering CN based MT communication handling request. And it is agreed to be gNB implementation on deciding when to send the N2 trigger message. Thus, if there is CN paging before the gNB forwards its INACTIVE eDRX configuration to CN, there may be PTW mismatch. In this case, the UE only monitors paging in the PTW configured by RAN, while the CN sends the CN paging message during CN configured PTW.
Observation 1: If only the RAN configured PTW is used, it introduces a big impact on the CN. Some paging occasions for CN paging may be missed and PTW mismatch between RAN and CN may exist.
It is suggested that RAN2 to discuss above potential methods to achieve the same PTW starting location, in case of paging coincide in the same PH.
Proposal 1: RAN2 to discuss following options to achieve the same PTW starting location, in case paging coincides in the same PH:
· Alt. 1: use both RAN PTW and CN PTW in overlapped PH (i.e. the PTW_start for RAN paging is re-defined as the PTW_start for CN paging);
· Alt.2: only use the CN PTW in overlapped PH (i.e. both the PTW_start and PTW_end for RAN paging are same as CN paging).

Issue 2: how to monitor paging in overlapped PH
To avoid the potential state mismatch, the INACTIVE UE is required to monitor both CN and RAN paging. As stated in current TS38.304, the T for PF/PO determination shall consider the UE specific DRX value configured by upper layer, e.g., if TeDRX, CN is longer than 1024 radio frames and no TeDRX, RAN is configured, during CN configured PTW, T is determined by the shortest of the UE specific DRX value (s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information. The same principle shall be also applied in the case of overlapped PH, i.e., INACTIVE UE should monitor both CN and RAN paging in the PTW(s) of the overlapped PH.
Specific method for T determination in the overlapped PH shall be provided. Consider the RAN PTW length can be different from the CN PTW length, e.g. the Alt. 1 in Proposal 5 is adopted, there is overlapped PTW part and non-overlapped PTW part. Thus another way to determine the T is as follows, i.e.,
· During overlapped PTW part, T=min{UE specific DRX value if configured by upper layers, UE specific DRX value if configured by RRC, default DRX value broadcast in system information}.
· During non-overlapped PTW part: 
if CN PTW is longer, T=min{UE specific DRX value if configured by upper layer, default DRX value broadcast in system information}, which is illustrated in Fig. 4 as an example;
If RAN PTW is longer, T=min{UE specific DRX value if configured by RRC, default DRX value broadcast in system information}, wherein the default DRX value is included in case of SI change notification, just like the use of it in determining T in CN PTW.
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Figure 4. Illustration of determine the T during overlapped and non-overlapped PTW part, wherein the CN PTW is longer
If a unified PTW is used, e.g. the Alt. 2 in Proposal 5 is adopted, T is determined by the shortest of the UE specific DRX value (s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information.
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Figure 5. Illustration of determine the T during the unified PTW
Proposal 2a: For the UE in RRC_INACTIVE configured with both IDLE and IANCTIVE eDRX cycle longer than 10.24s, it should monitor both CN and RAN paging in the PTW(s) of the overlapped PH.
Proposal 2b: RAN2 to discuss following options on the T calculation in the overlapped PH:
· Option 1 (if Alt. 1 in Proposal 1 is adopted): 
During the overlapped PTW part: T=min{UE specific DRX value if configured by upper layers, UE specific DRX value if configured by RRC, default DRX value broadcast in system information}.
During the non-overlapped PTW part: if the RAN PTW is longer, T=min{UE specific DRX value if configured by RRC, default DRX value broadcast in system information}; If the CN PTW is longer, T=min{UE specific DRX value if configured by upper layer, default DRX value broadcast in system information}.
· Option 2 (if Alt. 2 in Proposal 1 is adopted): 
During the PTW: T=min{UE specific DRX value if configured by upper layers, UE specific DRX value if configured by RRC, default DRX value broadcast in system information}. 
2.2. Fallback behaviour
An additional indication of 1 bit is introduced in SIB1 whether UEs are allowed to use the enhanced INACTIVE eDRX cycle (> 10.24s). There may be cells with eDRX cycle (> 10.24s) supported and cells without eDRX cycle (> 10.24s) supported. A R18 UE configured with enhanced INACTIVE eDRX, may enter into a cell without supporting enhanced INACTIVE eDRX. In this case, the R18 UE shall stop using the enhanced INACTIVE eDRX. Moreover, if eDRX-AllowedInactive-r17 is not present in the cell, the UE shall stop using eDRX for RAN paging in RRC_INACTIVE.
However, if eDRX-AllowedInactive-r17 is present in the cell, considering a UE configured with enhanced INACTIVE eDRX is more sensitive to the power consumption, it is not reasonable to fall back to DRX mechanism directly. Hence, we think the fallback to shorter eDRX (<= 10.24s, if supported in current cell and supported by the UE) is beneficial for energy saving. When eDRX-AllowedInactive-r17 is present, the UE shall use short eDRX (<= 10.24s), if supported, for RAN paging in RRC_INACTIVE. The specific short eDRX value can be provided by RRCRelease message, which includes two sets of INACTIVE eDRX configurations, i.e. one shorter eDRX cycle (<= 10.24s) and one longer eDRX cycle (> 10.24s) with PTW. 
Proposal 3: For INACTIVE eDRX, if the configured longer eDRX cycle (> 10.24s) is not supported in current cell, UE falls back to use a shorter eDRX cycle (<= 10.24s). FFS on how the fallback eDRX cycle value is provided.
2.3. UE capability
According to current TS38.306, the optional extendedDRX-CycleInactive-r17 is introduced to indicate whether UE supports the extended DRX in RRC_INACTIVE with values of 256, 512 and 1024 radio frames as specified in TS 38.331. Additional optional capability with signaling for R18 enhanced INACTIVE eDRX cycle shall be introduced.
Meanwhile, the relationship between the new R18 enhanced INACTIVE eDRX indicator and existing extendedDRX-CycleInactive-r17 should be identified. One possible understanding is that the UE may indicate support for R18 enhanced INACTIVE eDRX only if it supports extendedDRX-CycleInactive-r17. In this case, supporting R18 enhanced INACTIVE eDRX implies that the UE also supports the eDRX in RRC_INACTIVE with values of 256, 512 and 1024 radio frames. Another possible understanding is that the new R18 enhanced INACTIVE eDRX indicator is independent from existing extendedDRX-CycleInactive-r17. If the UE indicates support of R18 enhanced INACTIVE eDRX, it means UE only supports the eDRX in RRC_INACTIVE with values from 20.48s to 10485.76s, i.e. hf2, hf4, hf8, hf16, hf32, hf64, hf128, hf256, hf512, hf1024.
Proposal 4: Introduce optional capability with signaling for the R18 enhanced INACTIVE eDRX cycle, and UE supporting R18 enhanced INACTIVE eDRX has to support the R17 INACTIVE eDRX.
2.4. SDT and eDRX
An LS is sent out to indicate that RAN2 intends to configure INACTIVE eDRX (beyond 10.24s) together with SDT (both MO and/or MT versions of SDT). And it has been captured during last meeting that there are issues to be addressed, like the MT buffering in CN or RAN [1].
In our opinion, when performing MT SDT, the CN considers the RRC_INACTIVE UE always reachable and sends the data directly to the anchor gNB. This may only be feasible when the AMF considers the UE configured with enhanced INACTIVE eDRX is reachable. During the other periods, the AMF shall postpone or cancel the NAS signaling and buffered data delivery. In case of MO SDT, the AMF shall cancel the MT communication handling and data buffering in SMF/UPF after reception of data from UE. 
For now, it seems that no RAN2 specification impacts exists when INACTIVE eDRX (beyond 10.24s) is configured together with MO/MT SDT.
Observation 2: For now, no RAN2 specification impacts exist when INACTIVE eDRX (beyond 10.24s) is configured together with MO/MT SDT. 
3. Conclusion
The corresponding observations and proposals are listed as below: 
PTW mechanism
Observation 1: If only the RAN configured PTW is used, it introduces a big impact on the CN. Some paging occasions for CN paging may be missed and PTW mismatch between RAN and CN may exist.
Proposal 1: RAN2 to discuss following options to achieve the same PTW starting location, in case paging coincides in the same PH:
· Alt. 1: use both RAN PTW and CN PTW in overlapped PH (i.e. the PTW_start for RAN paging is re-defined as the PTW_start for CN paging);
· Alt.2: only use the CN PTW in overlapped PH (i.e. both the PTW_start and PTW_end for RAN paging are same as CN paging).
Proposal 2a: For the UE in RRC_INACTIVE configured with both IDLE and IANCTIVE eDRX cycle longer than 10.24s, it should monitor both CN and RAN paging in the PTW(s) of the overlapped PH.
Proposal 2b: RAN2 to discuss following options on the T calculation in the overlapped PH:
· [bookmark: _GoBack]Option 1 (if Alt. 1 in Proposal 1 is adopted): 
During the overlapped PTW part: T=min{UE specific DRX value if configured by upper layers, UE specific DRX value if configured by RRC, default DRX value broadcast in system information}.
During the non-overlapped PTW part: if the RAN PTW is longer, T=min{UE specific DRX value if configured by RRC, default DRX value broadcast in system information}; If the CN PTW is longer, T=min{UE specific DRX value if configured by upper layer, default DRX value broadcast in system information}.
· Option 2 (if Alt. 2 in Proposal 1 is adopted): 
During the PTW: T=min{UE specific DRX value if configured by upper layers, UE specific DRX value if configured by RRC, default DRX value broadcast in system information}. 
Fallback behaviour
Proposal 3: For INACTIVE eDRX, if the configured longer eDRX cycle (> 10.24s) is not supported in current cell, UE falls back to use a shorter eDRX cycle (<= 10.24s). FFS on how the fallback eDRX cycle value is provided.
UE capability
Proposal 4: Introduce optional capability with signaling for the R18 enhanced INACTIVE eDRX cycle, and UE supporting R18 enhanced INACTIVE eDRX has to support the R17 INACTIVE eDRX.
SDT and eDRX
Observation 2: For now, no RAN2 specification impacts exist when INACTIVE eDRX (beyond 10.24s) is configured together with MO/MT SDT. 
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