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[bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
In the last RAN2 meeting, there are the following agreements on eDRX cycles for RedCap:
	Agreements via email - from offline 110:
1. Lower bound for eDRX configuration in RRC_IDLE and RRC_INACTIVE is 2.56 seconds. Inform SA2/CT1 and check if there is any concern.
2. 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.
3. When RAN and CN paging coincide in the same PH, the PTW starting locations are the same. FFS how to calculate the PTW starting location so that it is the same for RAN and CN PTW.

Agreements online:
1. Continue in the next meeting the discussion on how UE is expected to monitor RAN and CN PTW, e.g. whether UE in RRC_INACTIVE monitors for only RAN PTW or both CN and RAN PTW when they overlap


In this contribution, we continue to discuss eDRX mechanisms for RedCap UE.
Discussion on eDRX
[bookmark: OLE_LINK13]General
In RAN2 #113b e-meeting, a LS [1] was sent to SA2/CT1 to evaluate whether it is feasible to specify eDRX up to 10485.76s for RRC_IDLE and RRC_INACTIVE. If feasible, the impact of long eDRX cycle for RRC_INACTIVE on NAS retransmission mechanism should be analyzed and handled. In last RAN2 #114 e-meeting, RAN2 has agreed 2.56 seconds as lower bound for eDRX cycle length for RRC_IDLE and RRC_INACTIVE for RedCap. A LS [2] has been sent to SA2 to inform the agreements. Extension on eDRX cycles (range from 2.56s to 10485.7 s) is pending to SA2 progress. Hence, issues related to INACTIVE eDRX cycle larger than 10.24s can be postponed until the reply LS from SA2/CT1 is received. 
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]Proposal : The issues related to INACTIVE eDRX cycle larger than 10.24s can be postponed until the reply LS from SA2/CT1 is received. 
For R17 gNB, RedCap and eDRX can be considered as separated capabilities. Also, in some cases, gNB may want to disable the eDRX feature for RedCap UEs. Therefore, the eDRX should be optionally supported for the gNB supporting RedCap.
Proposal : eDRX is optionally supported by gNB, if it supports RedCap.
If eDRX cycle larger than 10.24s is introduced, resulting issues like the impact of H-SFN shall be handled. In LTE, two options to indicate the H-SFN were discussed, MIB and SIB1. It was finally agreed in RAN2 #92 to provide the H-SFN in SIB1. Moreover, considering impacts of system information change, it was agreed that the signaling of H-SFN could not be an implicit indication of eDRX support by eNB and an explicit indication was added in SIB1. The same principle applies in NR.
Proposal : As in LTE, H-SFN is signaled in SIB1.

[bookmark: OLE_LINK124]eDRX mechanism
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Relationship between eDRX cycle and DRX cycle
In LTE eDRX mechanism, eDRX cycle and DRX cycle configuration are used jointly to determine the paging occasions (POs).Similarly, the use of eDRX cycle and DRX cycle in NR shall be specified. In case the eDRX cycle is longer than 10.24s, UE can request to be configured with both eDRX cycle and UE specific DRX cycle, where UE specific DRX is used within the PTW. In case the eDRX cycle is not longer than 10.24s (i.e. PTW is not used), UE should use the eDRX cycle as T to monitor paging, rather than UE specific DRX cycle and default DRX cycle.
Proposal : In case the eDRX cycle is longer than 10.24s, UE can request to be configured with both eDRX cycle and UE specific DRX cycle, where UE specific DRX is used within the PTW.
Proposal : In case the eDRX cycle is not longer than 10.24s (i.e. not using PTW), UE uses the eDRX cycle as T to monitor paging, rather than using the UE specific DRX cycle or the default DRX cycle.

RRC_IDLE UE
For RRC_IDLE UE configured with eDRX, the behaviour should be consistent with LTE. Specially, in case eDRX cycle is less than or equal to 10.24s, paging monitoring does not use PTW and PH, and RRC_IDLE UE monitors PO using T= IDLE eDRX cycle; in case eDRX cycle is larger than 10.24s, a UE specific paging cycle may be configured by the CN besides the IDLE eDRX cycle and the UE monitors PO within the PTW using T= min (UE specific DRX cycle, default DRX cycle).
Proposal : For RRC_IDLE UE configured with eDRX:
UE monitors PO using DRX cycle T= IDLE eDRX cycle, in case eDRX cycle is less than or equal to 10.24s; 
UE monitors PO within the PTW using T= min {UE specific DRX cycle for CN paging, default DRX cycle}, in case eDRX cycle is larger than 10.24s.

RRC_ INACTIVE UE
[bookmark: OLE_LINK152]For RRC_INACTIVE UE configured with eDRX, configurations of eDRX for RRC_IDLE and RRC_INACTIVE can be different. The behaviour of RRC_INACTIVE UEs with different eDRX configuration shall be further investigated. 
Based on previous RAN2 agreements, the eDRX cycle ranges from 2.56s to 10485.76s. According to current TS 38.331, the DRX cycle (i.e., PagingCycle) ranges from 0.32s to 2.56s. For a UE in RRC_INACTIVE, based on separate eDRX and/or DRX configurations, there may be the following cases:
· [bookmark: OLE_LINK122]Case 1a: eDRX cycle for both RRC_ IDLE and RRC_ INACTIVE larger than 10.24s
· [bookmark: OLE_LINK121][bookmark: OLE_LINK127]Case 1b: eDRX cycle for RRC_IDLE larger than 10.24s, eDRX cycle for RRC_INACTIVE less than or equal to 10.24s
· Case 1c: eDRX cycle for RRC_IDLE larger than 10.24s, RRC_INACTIVE uses DRX
· [bookmark: OLE_LINK3]Case 2a: eDRX cycle for RRC_IDLE less than or equal to 10.24s, eDRX cycle for RRC_INACTIVE larger than 10.24s
· Case 2b: eDRX cycle for both RRC_ IDLE and RRC_ INACTIVE less than or equal to 10.24s
· Case 2c: eDRX cycle for RRC_IDLE less than or equal to 10.24s, RRC_INACTIVE uses DRX

[bookmark: OLE_LINK125]For case 1a wherein INACTIVE eDRX cycle is larger than 10.24s, the related discussion can be postponed until the reply LS from SA2/CT1 is received.
[bookmark: OLE_LINK129][bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK142][bookmark: OLE_LINK143][bookmark: OLE_LINK145][bookmark: OLE_LINK146]For case 1b, the same PO monitoring mechanism as LTE can be used, i.e., the UE monitors PO according to min{UE specific DRX cycle for CN paging, INACTIVE eDRX cycle, default DRX cycle} during the CN specific PTW, and according to INACTIVE eDRX cycle outside the PTW.
For case 1c, UE specific DRX cycles for CN paging (if configured by NAS) and RAN paging are configured. Similar to case 1b, the UE monitors PO according to min{UE specific DRX cycle(s), default DRX cycle} during the CN specific PTW. While outside the PTW, UE monitors PO with T= min{UE specific DRX cycle for RAN paging, default DRX cycle} in case of SI change notification.
[bookmark: OLE_LINK128]For case 2a, which is presented as a complementary case here for an exhaustive list of combinations, RAN2 should first discuss whether it is a valid case. Note that the case is prohibited in LTE. 
[bookmark: OLE_LINK135][bookmark: OLE_LINK147][bookmark: OLE_LINK141][bookmark: OLE_LINK144]For case 2b, the UE monitors PO with min{IDLE eDRX cycle, INACTIVE eDRX cycle}.
For case 2c, which is similar to case 2b, the UE monitors PO with min{IDLE eDRX cycle, UE specific DRX cycle for RAN paging, default DRX cycle}, wherein the default DRX cycle is considered in case of SI change notification.
Based on above, we propose the following:
Proposal 7a: For RRC_INACTIVE UE, if IDLE eDRX cycle is longer than 10.24s, but INACTIVE eDRX cycle is less than or equal to 10.24s, UE monitors PO within the PTW with T= min {UE specific DRX cycle for CN paging, INACTIVE eDRX cycle, default DRX cycle}, and monitors PO outside the PTW with T= INACTIVE eDRX cycle.
Proposal 7b: For RRC_INACTIVE UE, if IDLE eDRX cycle is longer than 10.24s, but INACTIVE eDRX cycle is not configured, UE monitors PO within the PTW with T= min {UE specific DRX cycle(s), default DRX cycle}, and monitors PO outside the PTW with T= min {UE specific DRX cycle for RAN paging, default DRX cycle}.
Proposal 8a: For RRC_INACTIVE UE, if both IDLE eDRX cycle and INACTIVE eDRX cycle are less than or equal to 10.24s, UE monitors PO with T=min {IDLE eDRX cycle, INACTIVE eDRX cycle};
Proposal 8b: For RRC_INACTIVE UE, if IDLE eDRX cycle is less than or equal to 10.24s, but INACTIVE eDRX cycle is not configured, UE monitors PO with T= min {IDLE eDRX cycle, UE specific DRX cycle for RAN paging, default DRX cycle};

In LTE, the UE in RRC_INACTIVE can be configured with a INACTIVE eDRX cycle by RAN, which is up to the IDLE eDRX cycle configured by CN. The same restriction could also be applied to NR. The INACTIVE eDRX cycle configured by RAN should be up to the IDLE eDRX cycle configured by CN. RAN2 considers it as invalid case, where INACTIVE eDRX cycle is longer than IDLE eDRX cycle. Similarly, RAN2 considers it as invalid case, where INACTIVE eDRX cycle is configured but IDLE eDRX cycle is not configured, as the DRX cycle used by IDLE is not longer than INACTIVE eDRX cycle.
Proposal 9a: RAN2 considers it as invalid case, where INACTIVE eDRX cycle is longer than IDLE eDRX cycle.
Proposal 9b: RAN2 considers it as invalid case, where INACTIVE eDRX cycle is configured but IDLE eDRX cycle is not configured. 
[bookmark: OLE_LINK48][bookmark: OLE_LINK49]eDRX configuration
Besides the eDRX cycle, there are other aspects to be determined, i.e., the PTW configuration. Taking LTE eDRX as a baseline, a UE configured with an eDRX cycle above 10.24 seconds monitors POs during a periodic Paging Time Window (PTW) configured for the UE or until a paging message including the UE's NAS identity is received for the UE during the PTW, whichever is earlier. The PTW is UE-specific and is determined by a Paging Hyperframe (PH), a starting position within the PH (PTW_start) and an ending position (PTW_end). The PH is the H-SFN satisfying the following equation
[bookmark: OLE_LINK105]H-SFN mod TeDRX,H= (UE_ID_H mod TeDRX,H),    (1)
[bookmark: OLE_LINK101]while PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:
[bookmark: OLE_LINK110]SFN = 256* ieDRX, where ieDRX = floor(UE_ID_H /TeDRX,H) mod 4      (2)

[bookmark: OLE_LINK104]Assuming the same UE_ID_H is used for the calculation of PH and PTW_start, it is observed that PH and PTW starting point will overlap when RRC_IDLE and RRC_INACTIVE are configured with the same eDRX cycle. 
[bookmark: _Ref71212613][bookmark: OLE_LINK111]Observation 1: PH and PTW starting point will overlap, when RRC_IDLE and RRC_INACTIVE are configured with the same eDRX cycle.
[bookmark: OLE_LINK107][bookmark: OLE_LINK109][bookmark: OLE_LINK108]When RRC_INACTIVE eDRX cycle (e.g. 4 H-SFNs) is configured with a different value from RRC_IDLE eDRX cycle (e.g. 6 H-SFNs), the PH may overlap, for example at H-SFN = UE_ID_H. 
[bookmark: OLE_LINK134]Moreover, every least common multiple of {} (i.e. the smallest number divisible by both, which in this example is 12 H-SFNs), the PH for RRC_IDLE and RRC_INACTIVE will overlap once. In the overlapping H-SFNs, the PTW_start may also be common depending on UE_ID_H and eDRX cycle values. 
[image: ]
[bookmark: _Ref71212616][bookmark: OLE_LINK103][bookmark: OLE_LINK102]Observation 2: PH and PTW starting point may overlap when RRC_IDLE and RRC_INACTIVE have different eDRX cycle.
In overlapping PHs, different solutions are proposed in [3] to ensure overlapping PTWs:
[bookmark: OLE_LINK119]Solution 1)	It is left up to network implementation any coordination on how to decide the PTW configurations for RRC_IDLE and for RRC_INACTIVE (i.e. PTW may be configured same or different).
Solution 2)	A common PTW configuration is provided for RRC_IDLE and for RRC_INACTIVE.
[bookmark: OLE_LINK116]Solution 3)	A common PTW_start only is provided for RRC_IDLE and for RRC_INACTIVE (i.e. PTW_end can be different).
Solution 4)	PTW for RRC_IDLE overlaps with PTW for RRC_INACTIVE, and PTW length for RRC_IDLE can be same or larger than PTW length for RRC_INACTIVE (but not smaller).
Solution 5)	Other solutions.
However, there are some confusing parts in the provided description. Solution 4 covers Solution 2 and 3 since Solution 4 allows a more flexible PTW_start and PTW length configuration. In our opinion, Solution 1~4 are methods to ensure overlapping PTWs by putting constraints on the PTW configuration. However, as captured in TR38.875, the main motivation for RAN deciding and configuring eDRX for RRC_INACTIVE is to allow more flexibility to the RAN node in the configuration of the eDRX parameters, i.e. different eDRX cycle for RRC INACTIVE can be configured by RAN.
In LTE, the start of the PTW is defined as: SFN = 256* ieDRX where ieDRX = floor(UE_ID_H /TeDRX,H) mod 4. This means that start of the PTW depends on the eDRX cycle (T eDRX,H).
If the same approach is used for REDCAP and the eDRX cycles are different in RRC_INACTIVE and in RRC_IDLE, then in an overlapping PH, the PTW_start may be different for CN paging and RAN paging. In other words, the PTW for RRC_IDLE and RRC_INACTIVE may not be overlapping. 
There are agreements on the PTW for RRC_IDLE and RRC_INACTIVE in the last RAN2 meeting as follows,
	· 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 PTW starting locations are the same. FFS how to calculate the PTW starting location so that it is the same for RAN and CN PTW.



To solve the above issue and achieve same PTW starting locations, one solution is to  use the IDLE eDRX cycle to calculate the start of the PTW for both CN and RAN paging in overlapping PHs.
Another solution is to specify that in overlapping PHs, only one of the two PTWs is used, i.e. the IDLE PTW. 
Both solutions have the benefit of not putting any constraint on the value of INACTIVE eDRX cycle. 
Option 1: In overlapping PHs, the PTW starting location for both CN and RAN paging is calculated using the IDLE eDRX cycle.
Option 2: In overlapping PHs, the PTW for IDLE eDRX is used for both CN paging and RAN paging.

Proposal 10: If INACTIVE eDRX cycle larger than 10.24 is supported, RAN2 to discuss which option as follows is used:
· Option 1: In overlapping PHs, the PTW starting location for both CN and RAN paging is calculated using the IDLE eDRX cycle.
· Option 2: In overlapping PHs, the PTW for IDLE eDRX is used for both CN paging and RAN paging.

[bookmark: _Ref433086885]Conclusion and Proposals
In this contribution, eDRX for reduced capability UEs was discussed with the following observations and proposals:
Observation 1: PH and PTW starting point will overlap, when RRC_IDLE and RRC_INACTIVE are configured with the same eDRX cycle.
Observation 2: PH and PTW starting point may overlap when RRC_IDLE and RRC_INACTIVE have different eDRX cycle.
Proposal 1: The issues related to INACTIVE eDRX cycle larger than 10.24s can be postponed until the reply LS from SA2/CT1 is received. 
Proposal 2: eDRX is optionally supported by gNB, if it supports RedCap.
Proposal 3: As in LTE, H-SFN is signaled in SIB1.
Proposal 4: In case the eDRX cycle is longer than 10.24s, UE can request to be configured with both eDRX cycle and UE specific DRX cycle, where UE specific DRX is used within the PTW.
Proposal 5: In case the eDRX cycle is not longer than 10.24s (i.e. not using PTW), UE uses the eDRX cycle as T to monitor paging, rather than using the UE specific DRX cycle or the default DRX cycle.
Proposal 6: For RRC_IDLE UE configured with eDRX:
UE monitors PO using DRX cycle T= IDLE eDRX cycle, in case eDRX cycle is less than or equal to 10.24s; 
UE monitors PO within the PTW using T= min {UE specific DRX cycle for CN paging, default DRX cycle}, in case eDRX cycle is larger than 10.24s.
Proposal 7a: For RRC_INACTIVE UE, if IDLE eDRX cycle is longer than 10.24s, but INACTIVE eDRX cycle is less than or equal to 10.24s, UE monitors PO within the PTW with T= min {UE specific DRX cycle for CN paging, INACTIVE eDRX cycle, default DRX cycle}, and monitors PO outside the PTW with T= INACTIVE eDRX cycle.
Proposal 7b: For RRC_INACTIVE UE, if IDLE eDRX cycle is longer than 10.24s, but INACTIVE eDRX cycle is not configured, UE monitors PO within the PTW with T= min {UE specific DRX cycle(s), default DRX cycle}, and monitors PO outside the PTW with T= min {UE specific DRX cycle for RAN paging, default DRX cycle}.
Proposal 8a: For RRC_INACTIVE UE, if both IDLE eDRX cycle and INACTIVE eDRX cycle are less than or equal to 10.24s, UE monitors PO with T=min {IDLE eDRX cycle, INACTIVE eDRX cycle};
Proposal 8b: For RRC_INACTIVE UE, if IDLE eDRX cycle is less than or equal to 10.24s, but INACTIVE eDRX cycle is not configured, UE monitors PO with T= min {IDLE eDRX cycle, UE specific DRX cycle for RAN paging, default DRX cycle};
Proposal 9a: RAN2 considers it as invalid case, where INACTIVE eDRX cycle is longer than IDLE eDRX cycle.
Proposal 9b: RAN2 considers it as invalid case, where INACTIVE eDRX cycle is configured but IDLE eDRX cycle is not configured. 
Proposal 10: If INACTIVE eDRX cycle larger than 10.24 is supported, RAN2 to discuss which option as follows is used:
· Option 1: In overlapping PHs, the PTW starting location for both CN and RAN paging is calculated using the IDLE eDRX cycle.
· Option 2: In overlapping PHs, the PTW for IDLE eDRX is used for both CN paging and RAN paging.
[bookmark: _GoBack]
References
[1] [bookmark: _Ref77319742][bookmark: _Ref66694274][bookmark: _Ref70260295][bookmark: _Ref66088502]R2-2104374, LS on introducing extended DRX for RedCap UEs, RAN WG2 Meeting #113bis-e. 
[2] [bookmark: _Ref77319757]R2-2106537, LS on lower bound for eDRX cycle length, RAN WG2 Meeting #114-e.
[3] [bookmark: _Ref70261794][bookmark: _Ref70608276]R2-2104367, Summary of offline 101 - [REDCAP] eDRX cycles - second round.
	4/5	
image1.png
TIDAHYE = 4 H-SFNs

0 0 0

]

~—e
T!PKE 4 = 6 H-SFNs




