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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:
· RAN decides and configures eDRX via RRC for RRC_INACTIVE (FFS on the need and details of coordination with the CN)
· [bookmark: OLE_LINK123]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)


In this contribution, we continue to discuss eDRX mechanisms for RedCap UE.
Discussion on eDRX
[bookmark: OLE_LINK13]The lower bound of eDRX cycle 
As agreed in RAN2#113 e-meeting, it should be possible for (at least some) RedCap UEs to receive emergency broadcast services. Different options allowing RedCap UEs to receive emergency broadcast services and/or reduce paging power consumption (and corresponding recommended eDRX lower boundary) are captured in [1] as follows. 
[bookmark: OLE_LINK5]Option 1: eDRX supports a lower bound of 2.56s.
Option 2: For RedCap UEs, if the NAS configures the UE with a 2.56 DRX cycle, the RedCap UE follows this DRX even when the RAN paging cycle is shorter. eDRX lower bound can be kept to baseline 5.12s.
Option 3: gNB can configure 2.56s default broadcasted DRX cycle for those RedCap UEs that need to receive emergency broadcast services and a shorter UE-specific RAN paging cycle for UEs with tighter latency requirements (e.g. smartphones). eDRX lower bound can be kept to baseline 5.12s.
Option 4: RedCap Ues that need to receive emergency broadcast services are not expected to request to be configured with eDRX, and no specific handling/configuration is required for those UEs. eDRX lower bound can be kept to baseline 5.12s.
Option 5: RedCap UE can request an eDRX configuration while still monitoring in between for ETWS and CMAS. eDRX lower bound can be kept to baseline 5.12s.
Among them, Option 1 and 2 (i.e. Solution 1 in TR38.875 [2]) assume that RedCap UEs do not need to monitor paging according to the default paging cycle, which may result in a potential risk of UE missing SI change indicator. Additional efforts have to be made to deal with the associated issues. Option 3 (i.e. Solution 2 in TR38.875) is based on the assumption that gNB are configured with a 2.56 second default paging cycle, which is seldom used in existing deployments. Option 4 assumes that RedCap UEs should decide between benefiting from eDRX power saving or supporting emergency broadcast services. Hence, we prefer option 5, wherein RedCap UE can request an eDRX configuration while still monitoring for ETWS and CMAS in between the paging occasions. Thus, eDRX lower boundary can be kept to the baseline 5.12s, without the need to support a lower bound of 2.56s.
[bookmark: _Ref71212586]Observation 1: RedCap UE can request an eDRX configuration while still monitoring for ETWS and CMAS in between the paging occasions
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]Proposal 1: eDRX lower bound can be kept to the baseline 5.12s. 
RAN and CN coordination on INACTIVE eDRX configuration
[bookmark: OLE_LINK44][bookmark: OLE_LINK45]It is agreed in last meeting that RAN decides and configures eDRX via RRC for RRC_INACTIVE. However, for UE in CM-CONNECTED mode with RRC_INACTIVE, the impact of eDRX on NAS signaling retransmission should be considered. Specially, the smallest NAS retransmission timer as specified in TS 24.501 is 6 seconds and the maximum retransmission times is four, which means the procedure will fail if the response from the UE in eDRX is not received within 30s after the first transmission. Hence, the eDRX cycle length for RRC_INACTIVE has impact on NAS retransmission mechanism.
[bookmark: _Ref71212608][bookmark: OLE_LINK79]Observation 2: The eDRX cycle length for RRC_INACTIVE has impact on NAS retransmission mechanism.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK80]Therefore, some coordination mechanism between the AMF and RAN is needed to handle this issue. The following are two options to consider.
[bookmark: OLE_LINK81]Option 1: CN Assistance Information includes the maximum value to RAN on the eDRX cycle for RRC_INACTIVE
[bookmark: OLE_LINK85]Option 2: RAN provides the eDRX cycle configuration for RRC_INACTIVE to CN
[bookmark: OLE_LINK82][bookmark: OLE_LINK83]In Option 1, additional information to RRC_IDLE eDRX configuration is provided in CN Assistance Information for RRC_INACTIVE. Considering that different CNs may support different NAS retransmission mechanisms, e.g. minimum retransmission interval and/or maximum number of retransmissions are decided by network implementation, the CN provides a maximum value of eDRX cycle in RRC_INACTIVE to RAN for reference, and RAN can configure the eDRX cycle in RRC_INACTIVE according to the suggested value. 
[bookmark: OLE_LINK6]In Option 2, RAN decides the eDRX cycle in RRC_INACTIVE based on, for example, CN Assistance Information for RRC_INACTIVE for E-UTRA/5GC. After the determination, RAN provides the configured value to the AMF. Considering the provided eDRX cycle configuration for RRC_INACTIVE, the AMF sets the value of the NAS retransmission timers so that they are long enough for the eDRX cycle in RRC_INACTIVE not to interfere with the NAS retransmission mechanism.
Based on above analysis, it is proposed for RAN2 to discuss which option(s) to use.
[bookmark: OLE_LINK78][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK92]Proposal 2: RAN2 to discuss which option(s) as follows to use for eDRX configuration coordination:
Option 1: The CN Assistance Information to RAN includes the maximum value on the eDRX cycle for RRC_INACTIVE; 
Option 2: RAN provides the eDRX cycle configuration for RRC_INACTIVE to CN.
[bookmark: OLE_LINK124]eDRX mechanism
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]RRC_IDLE UE
For RRC_IDLE UE configured with eDRX, the behaviour should be consistent with that in 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 DRX cycle T= IDLE eDRX cycle; in case eDRX cycle is larger than 10.24s, a UE specific paging cycle may be configured by CN besides IDLE eDRX cycle. The RRC_IDLE UE monitors PO within the PTW using T= min (UE specific DRX cycle, default DRX cycle).
Proposal 3: 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, 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 behavior of RRC_INACTIVE UE with different eDRX configuration shall be further investigated. For a UE in RRC_INACTIVE, based on separate eDRX and/or DRX configurations, there may be following cases:
· [bookmark: OLE_LINK122]Case 1: eDRX cycle for both RRC_INACTIVE and RRC_IDLE larger than 10.24s
· [bookmark: OLE_LINK121][bookmark: OLE_LINK127]Case 2: eDRX cycle for RRC_IDLE larger than 10.24s, eDRX cycle for RRC_INACTIVE less than or equal to 10.24s
· [bookmark: OLE_LINK3]Case 3: eDRX cycle for RRC_IDLE less than or equal to 10.24s, eDRX cycle for RRC_INACTIVE larger than 10.24s
· Case 4: eDRX cycle for both RRC_INACTIVE and RRC_IDLE less than or equal to 10.24s
· Case 5: eDRX cycle for RRC_IDLE larger than 10.24s, RRC_INACTIVE uses DRX
· Case 6: eDRX cycle for RRC_IDLE less than 10.24s, RRC_INACTIVE uses DRX

For case 1, there may be three kinds of PTW as analyzed below:
· [bookmark: OLE_LINK133][bookmark: OLE_LINK130][bookmark: OLE_LINK131][bookmark: OLE_LINK132]CN specific PTW for CN paging, which occurs every IDLE eDRX cycle  and does not overlap with RAN specific PTW;
· RAN specific PTW for RAN paging, which occurs every INACTIVE eDRX cycle  and does not overlap with CN specific PTW;
· [bookmark: OLE_LINK126][bookmark: OLE_LINK149][bookmark: OLE_LINK150]Overlapped PTW between CN paging and RAN paging, which may occur every common multiple of {}
The UE monitors PO with DRX cycle T only during PTWs, where T is determined as follows:
· For overlapped PTW, T equals to min{UE specific DRX cycle(s), default DRX cycle}, wherein the value of UE specific DRX cycle(s) is determined by the shortest of CN configured DRX cycle and RAN configured DRX cycle.
· [bookmark: OLE_LINK138][bookmark: OLE_LINK154]For CN or RAN specific PTW, the determination of T shall be FFS. 
· For CN specific PTW, T equals to min{UE specific DRX cycle configured by CN, default DRX cycle}.
· [bookmark: OLE_LINK139][bookmark: OLE_LINK140]For RAN specific PTW, T equals to min{UE specific DRX cycle configured by RAN, default DRX cycle}.
[bookmark: OLE_LINK125]
[bookmark: OLE_LINK129][bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK142][bookmark: OLE_LINK143][bookmark: OLE_LINK145][bookmark: OLE_LINK146]For case 2, the same PO monitoring mechanism as LTE can be used, i.e., the UE monitors PO according to min{UE specific DRX cycle, default DRX cycle} during the CN specific PTW, and according to RAN paging cycle outside the PTW. Note that the UE specific DRX cycle is configured by CN, and the value of RAN paging DRX cycle is equal to INACTIVE eDRX cycle in this case.

For case 3, 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_LINK128]
[bookmark: OLE_LINK135][bookmark: OLE_LINK147][bookmark: OLE_LINK141][bookmark: OLE_LINK144]For case 4, the UE monitors PO with min{IDLE eDRX cycle, INACTIVE eDRX cycle}.

For case 5, which is similar to case 2, the UE monitors PO according to min{shortest of UE specific DRX cycle, default DRX cycle} during the CN specific PTW, and RAN paging DRX cycle (i.e., INACTIVE DRX cycle here) outside the PTW. Note that the shortest of UE specific DRX cycle is the smallest value between CN paging DRX cycle and RAN paging DRX cycle.

For case 6, which is similar to case 4, the UE monitors PO with min{IDLE eDRX cycle, RAN paging cycle}.
Based on above, we propose the following:
Proposal 4: If both eDRX cycles for RRC_INACTIVE and RRC_IDLE are longer than 10.24s, UE monitors PO within the overlapped PTW using DRX cycle T = min{UE specific DRX cycle(s), default DRX cycle}, FFS on the non-overlapping PTW case.
Proposal 5: If both eDRX cycles for RRC_INACTIVE and RRC_IDLE are less than or equal to 10.24s, UE monitors PO with T=min {IDLE eDRX cycle, INACTIVE eDRX cycle};
Proposal 6a: 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(s), default DRX cycle}, and monitors PO outside the PTW with T= INACTIVE eDRX cycle.
Proposal 6b: 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= RAN paging DRX cycle.
Proposal 7: RAN2 considers as it as invalid case, where INACTIVE eDRX cycle is longer than 10.24s, but IDLE eDRX cycle is less than or equal to 10.24s or not configured.

Today, in RRC_INACTIVE without eDRX, the gNB can configure the UE with a RAN paging cycle shorter than the default DRX cycle. With the introduction of long eDRX (>10.24s) in RRC_INACTIVE, it may also be useful that the gNB could configure the UE with a RAN paging cycle shorter than the default DRX cycle for use during the PTW. Note this would be similar to the use of the UE specific DRX in the PTW for eDRX in RRC_IDLE.
Proposal 8: RAN2 to discuss whether gNB can configure UE specific DRX cycle in case INACTIVE eDRX cycle is longer than 10.24s.
[bookmark: OLE_LINK48][bookmark: OLE_LINK49]PTW configuration for eDRX
Besides the eDRX cycle, there are other aspect to be determined, i.e., the PTW configuration. Take LTE eDRX as baseline, a UE configured with 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]Suppose same UE_ID_H are 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 same eDRX cycle. 
[bookmark: _Ref71212613][bookmark: OLE_LINK111]Observation 3: 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 4: 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. 
To solve this issue, one solution is to put constraints on the network in the choice of the INACTIVE eDRX cycle so that floor(UE_ID_H /TIDLE-eDRX,H) mod 4 and floor(UE_ID_H /TINACTIVE-eDRX,H) mod 4 gives the same value.
Another solution is to specify that in overlapping PHs, only one of the two PTWs is used, i.e. the IDLE PTW. This has the benefit of not putting any constraint on the value of INACTIVE eDRX cycle. 
Option 1: Put constraints on the NW so the PTWs for RRC_IDLE and RRC_INACTIVE overlap in overlapping PHs. 
Option 2: In overlapping PHs, the PTW for IDLE eDRX is used for both CN paging and RAN paging.
In our view, option 1 is difficult to realise as it depends on both the UE_ID_H, the IDLE eDRX and the INACTIVE eDRX cycle and would restrict the flexibility in the setting of INACTIVE eDRX cycle. 
There will always be overlapping PHs, whatever the configuration of RAN and CN DRX cycles. Using a common PTW for paging monitoring in these overlapping PHs will be beneficial for power saving.
[bookmark: _GoBack]Proposal 9: RAN2 to agree option 2 (i.e. in overlapping PHs, the PTW for IDLE eDRX is used for both CN paging and RAN paging) for power saving purpose. 
[bookmark: _Ref433086885]Conclusion and Proposals
In this contribution, eDRX for reduced capability UEs was discussed with the following observations and proposals:
Observation 1: RedCap UE can request an eDRX configuration while still monitoring for ETWS and CMAS in between the paging occasions
Observation 2: The eDRX cycle length for RRC_INACTIVE has impact on NAS retransmission mechanism.
Observation 3: PH and PTW starting point will overlap, when RRC_IDLE and RRC_INACTIVE are configured with the same eDRX cycle.
Observation 4: PH and PTW starting point may overlap when RRC_IDLE and RRC_INACTIVE have different eDRX cycle.

Proposal 1: eDRX lower bound can be kept to the baseline 5.12s. 
Proposal 2: RAN2 to discuss which option(s) as follows to use for eDRX configuration coordination:
Option 1: The CN Assistance Information to RAN includes the maximum value on the eDRX cycle for RRC_INACTIVE; 
Option 2: RAN provides the eDRX cycle configuration for RRC_INACTIVE to CN.
Proposal 3: 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, default DRX cycle}, in case eDRX cycle is larger than 10.24s.
Proposal 4: If both eDRX cycles for RRC_INACTIVE and RRC_IDLE are longer than 10.24s, UE monitors PO within the overlapped PTW using DRX cycle T = min{UE specific DRX cycle(s), default DRX cycle}, FFS on the non-overlapping PTW case.
Proposal 5: If both eDRX cycles for RRC_INACTIVE and RRC_IDLE are less than or equal to 10.24s, UE monitors PO with T=min {IDLE eDRX cycle, INACTIVE eDRX cycle};
Proposal 6a: 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(s), default DRX cycle}, and monitors PO outside the PTW with T= INACTIVE eDRX cycle.
Proposal 6b: 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= RAN paging DRX cycle.
Proposal 7: RAN2 considers as it as invalid case, where INACTIVE eDRX cycle is longer than 10.24s, but IDLE eDRX cycle is less than or equal to 10.24s or not configured.
Proposal 8: RAN2 to discuss whether gNB can configure UE specific DRX cycle in case INACTIVE eDRX cycle is longer than 10.24s.
Proposal 9: RAN2 to agree option 2 (i.e. in overlapping PHs, the PTW for IDLE eDRX is used for both CN paging and RAN paging) for power saving purpose. 
References
[1] [bookmark: _Ref66694274][bookmark: _Ref70260295][bookmark: _Ref66088502]R2-2102019 Report of 3GPP TSG RAN WG2 meeting #113-e Online.
[2] [bookmark: _Ref70261858]TR38.875 V1.1.0: Study on support of reduced capability NR devices.
[3] [bookmark: _Ref70261794][bookmark: _Ref70608276]R2-2104367, Summary of offline 101 - [REDCAP] eDRX cycles - second round.
	5/6	
image1.png
TIDAHYE = 4 H-SFNs

0 0 0

]

~—e
T!PKE 4 = 6 H-SFNs




