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1. Introduction
In last RAN2 meeting [1], various agreements were reached regarding eDRX. This contribution provides consideration on remaining FFS issues. Further, consideration on CN paging and RAN paging PO non-overlap problem is also provided for some eDRX configurations.
2. Discussion
[bookmark: _GoBack]As to the eDRX configuration restriction, RAN2 has reached agreement the following two configurations are not supported. FFS whether to capture this restriction in RAN2 spec [1]. 
Agreements via email - from offline 105 third round
1. RAN2 considers the configuration as an invalid case, where INACTIVE eDRX cycle is configured but IDLE eDRX cycle is not configured. FFS whether to capture this restriction in RAN2 spec.
2. RAN2 considers the configuration as invalid case, where INACTIVE eDRX cycle is longer than IDLE eDRX cycle. FFS whether to capture this restriction in RAN2 spec.
Per our understanding, it should better to capture these two restrictions in RAN2 spec. Consider the minimal IDLE eDRX is 5.12s and the maximum INACTIVE eDRX cycle is 10.24s in R17, it is possible to have a wrong configuration by some wrong implementation. And it is also possible to configure INACTIVE eDRX without IDLE eDRX if there is no clear restrictions in specification.
Proposal 1: To capture following restrictions on INACTIVE eDRX cycle in RAN spec.
- INACTIVE eDRX cycle can be configured only when IDLE eDRX is configured
- INACTIVE eDRX cycle can not configured up to the configured IDLE eDRX cycle length. 
Anther remaining FFS issue is whether default paging cycle is considered when INACTIVE eDRX is not configured while IDLE eDRX cycle is configured.
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.
Per our understanding, option 2 is aligned with LTE eDRX[2, 7.1]:
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.
One argument for option 1 is that if UE in RRC_INACTIVE UE is not configured with INACITVE eDRX, it should be notified of SI change. Otherwise, the UE may miss SI change notification if configured RAN paging cycle is longer than SI modification period. However, RAN2 has already reached agreement regarding system information change notification for UE configured with eDRX longer than SI modification period [3].
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)
With LTE eDRX acquisition period mechanism, UE configured with DRX longer than SI modification period shall acquire updated system information at the next eDRX acquisition period boundary if it receives at least one Paging message including the systemInfoModification-eDRXA in an eDRX acquisition period. 
Thus, if the RAN paging cycle is longer than SI modification period in above two cases, the UE applies this eDRX acquisition mechanism. Otherwise, legacy SI update mechanism applies. Since this mechanism works for LTE, we see no strong motivation to change it in NR RedCap. 
Proposal 2: For RRC_INACTIVE UE, when DILE 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 3: 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.
The third remaining FFS issue is the number of starting locations within a PH:
Agreements via email - from offline 105 third round 
1. eDRX is optional for any gNB (either supporting RedCap or not), which means it is up to gNB implementation whether to support eDRX
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
Per our understanding, the number of starting locations within a PH is related to the minimal PTW length. As agreed in last RAN2 meeting, the minimal PTW length is 1.28s and the step/granularity of PTW length is 1.28s. With an extreme configuration that all PTW length are configured as 1.28s, 8 starting locations will utilize all paging occasions within the PH, i.e. all paging occasion will be utilized.
If PTW length is larger than 1.28s, neighboring PTWs will overlap. There is also no gap between PTWs. While if the number of starting locations are 4 or smaller, there will be gap between PTW when PTW length are 1.28s. The gap between PTW means the paging occasions are not fully utilized for UE in eDRX. And it also means the number of UE monitor paging on a single paging occasion is doubled than 8 starting location. 
Observation 1: To avoid gap between PTW in any potential PTW length configurations, the number of starting location within a PH shall be at least 8 given the minimal PTW length is 1.28s. 
As to a larger number of starting locations, e.g. 16, is also unnecessary. With more than 8 starting locations, the PTW of different UEs will be certainly overlapped each other since the smallest PTW length is 1.28s. Considering 1.28s is the smallest PTW length and the maximum PTW length can be up to 40.96s, to have a larger number of starting locations will not bring any additional benefit in avoiding gap between PTWs. Further, PTW for different UE are already distributed uniformly based on UE ID, to have PTWs overlapping will not make the distribution more uniform.
Observation 2: To configured the number of starting locations larger than 8 will not bring benefit in either alimenting gap between PTWs or making PTW distribution more uniform.
Based on the discussion above, we have following proposal:
Proposal 4: The number of PTW starting locations within a PH is fixed to 8.
In last RAN2 meeting, RAN and CN paging PO non-overlap problem was raised in NR control plane discussion. The RAN and CN paging PO non-overlap problem is due to current NR PO formula:
 The PF and PO for paging are determined by the following formula:
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns
According to definition of N (the number of total paging frames in T), different T results results in different N. Thus, the PO determined for RRC_IDLE and RRC_INACTIVE may be different if Ns is not 1.
Observation 3: According to current PF and PO formula, PO based on different T will be different if Ns is not configured as 1.
In case of RRC mismatch between UE and network, e.g. network release UE context while UE is still in RRC_INACTIVE, CN paging may be triggered. Since network thinks UE is in RRC_IDLE, the T used for CN paging transmission is based on RRC_IDLE rule (shortest of default paging cycle and UE specific paging cycle if configure). While UE monitor paging use the T according to RRC_INACTIVE rule (the shortest of default paging cycle, UE specific paging cycle and RAN paging cycle). In case RAN paging cycle is the shortest among the three paging cycles, the T used in network side and UE side will be different. Then it results in different PO determination between UE and network side. As consequence, the CN paging will fail.
Note that, UE determines PF based on the smallest value of the three paging cycles. Thus the PF determined by network will always be covered by the PF determined by UE. 
Observation 4: In case RRC state mismatch between UE and network, i.e. UE keeps in RRC_INACTIVE while network releases UE context, network and UE may use different T for PO determination and result in CN paging failure.
In NR control plane discussion in last RAN2 meeting, following agreement is reached to address this problem:
	· We introduce a solution, from R17, where the following is the baseline: 
· R2-2109077 Solution 2 (i.e. UE in RRC _INACTIVE should use the same i_s to determine PO as for RRC _IDLE) is supported to address the RAN and CN paging PO non-overlap problem.
· UE capability should be introduced to indicate support for using the same i_s in PO determination in RRC _INACTIVE state as in RRC _IDLE state.


According to agreement, the UE in RRC_INACTIVE use the same i_s to determine PO as for RRC_IDLE. Thus, when RRC state mismatches between UE and network, the same i_s is used to determine the PO for paging message transmission in network side and paging monitoring in UE side.
Observation 5: In last RAN2 meeting, agreement was reached to address the CN and RAN paging PO non-overlap problem: UE in RRC_INACTIVE should use the same i_s to determine PO as for RRC_IDLE.
Till now, the discussion in RAN2 meeting does not cover the case when eDRX is introduced. Per our understanding, the CN and RAN paging PO non-overlap problem also exists in following cases:
Case 1: IDLE eDRX and INACTIVE eDRX are configured, and both cycles are no longer than 10.24s. 
In this case, T is determined by the shortest of IDLE eDRX cycle and INACTIVE eDRX cycle according to last RAN2 meeting agreements. If the INACTIVE eDRX is shorter than IDLE eDRX, the PO non-overlapping problem will occur: in case RRC state mismatches, network use IDLE eDRX cycle for PF and PO determination while UE use INACTIVE eDRX cycle. 
Case 2: IDLE eDRX is configured and is no longer than 10.24s, INACITVE eDRX cycle is not configured.
In this case, T is determined by the shortest of IDLE eDRX cycle and RAN paging cycle according to last RAN2 agreements. The CN and RAN paging PO non-overlap problem will occur when RAN paging cycle is shorter than IDLE eDRX cycle.
Case 3: IDLE eDRX is configured and is longer than 10.24s, INACTIVE eDRX is configured.
In this case, during the PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, INACTIVE eDRX and default paging cycle. As long as INACTIVE eDRX cycle is shorter than the default paging cycle and UE specific DRX cycle if configured, the CN and RAN paging non-overlap problem may occur.
While outside PTW, the PO non-overlap problem does not exists since UE is not expected to monitor CN paging outside CN PTW.
Case 4: IDLE eDRX is configure and is longer than 10.24s, INACTIVE eDRX cycle is not configured.
This case is similar to case 3. During the PTW, T is determined by the shortest of UE specific DRX cycle, if configured by upper layer, RAN paging cycle and default paging cycle. As long as RAN paging cycle is shorter than the default paging cycle and UE specific DRX cycle if configured, the CN and RAN paging non-overlap problem may occur. 
Same as case 3, the PO non-overlap problem does not exists outside CN PTW.
We propose to apply the same solution for these eDRX configuration as the solution agreed in last RAN2 meeting for non-eDRX configuration, i.e. UE in RRC_INACTIVE use same i_s for PO determination as for RRC_IDLE.
Proposal 5: For the following cases, RAN2 to adopt the same solution as adopted for non-eDRX configuration:
Case 1: When IDLE eDRX and INACTIVE eDRX are configured and both cycles are no longer than 10.24s, PO is determined by IDLE eDRX.
Case 2: When IDLE eDRX is configured and is no longer than 10.24s, INACITVE eDRX cycle is not configured, PO is determined by IDLE eDRX.
Case 3: During CN PTW when IDLE eDRX is configured and longer than 10.24s, and INACTIVE eDRX is configured, PO is determined by the shortest value of default paging cycle and UE specific paging cycle if configured by upper layer.
Case 4: During CN PTW when IDLE eDRX is configure and is longer than 10.24s, INACTIVE eDRX cycle is not configured, PO is determined by the shortest value of default paging cycle and UE specific paging cycle if configured by upper layer.
In NR control plane discussion, it is agreed to introduce an UE capability to indicate the support for using the new rule for PO determination in RRC_INACTIVE state. As for these eDRX configurations, we think there is no need for such UE capability. 
According to agreement in last RAN2 meeting, eDRX feature is optional for any UE, including RedCap and non-RedCap UE. Thus it is necessary to introduce an UE capability to indicate eDRX supporting. Since legacy UE does not support eDRX, and the new rule for PO determination in these eDRX configurations are eDRX specific, the new eDRX supporting capability can also be used to present that the UE support the new rule of PO determination in RRC_INACTIVE state.
Proposal 6: To introduce UE capability signaling to indicate the support of eDRX for both RedCap and non-RedCap UE.
Proposal 7: The UE capability signaling to indicate the support of eDRX also indicates the support of using the same i_s in PO determination in RRC_INACTIVE as for RRC_IDLE state.
3. Conclusion
For the remaining FFS issues, we have following proposals:
Observation 1: To avoid gap between PTW in any potential PTW length configurations, the number of starting location within a PH shall be at least 8 given the minimal PTW length is 1.28s. 
Observation 2: To configured the number of starting locations larger than 8 will not bring benefit in either alimenting gap between PTWs or making PTW distribution more uniform.
Proposal 1: To capture following restrictions on INACTIVE eDRX cycle in RAN spec.
- INACTIVE eDRX cycle can be configured only when IDLE eDRX is configured
- INACTIVE eDRX cycle can not configured up to the configured IDLE eDRX cycle length. 
Proposal 2: For RRC_INACTIVE UE, when DILE 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 3: 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.
Proposal 4: The number of PTW starting locations within a PH is fixed to 8.
For CN and RAN paging PO non-overlap problem, we have following proposals:
Observation 3: According to current PF and PO formula, PO based on different T will be different if Ns is not configured as 1.
Observation 4: In case RRC state mismatch between UE and network, i.e. UE keeps in RRC_INACTIVE while network releases UE context, network and UE may use different T for PO determination and result in CN paging failure.
Observation 5: In last RAN2 meeting, agreement was reached to address the CN and RAN paging PO non-overlap problem: UE in RRC_INACTIVE should use the same i_s to determine PO as for RRC_IDLE.
Proposal 5: For the following cases, RAN2 to adopt the same solution as adopted for non-eDRX configuration:
Case 1: When IDLE eDRX and INACTIVE eDRX are configured and both cycles are no longer than 10.24s, PO is determined by IDLE eDRX.
Case 2: When IDLE eDRX is configured and is no longer than 10.24s, INACITVE eDRX cycle is not configured, PO is determined by IDLE eDRX.
Case 3: During CN PTW when IDLE eDRX is configured and longer than 10.24s, and INACTIVE eDRX is configured, PO is determined by the shortest value of default paging cycle and UE specific paging cycle if configured by upper layer.
Case 4: During CN PTW when IDLE eDRX is configure and is longer than 10.24s, INACTIVE eDRX cycle is not configured, PO is determined by the shortest value of default paging cycle and UE specific paging cycle if configured by upper layer.
Proposal 6: To introduce UE capability signaling to indicate the support of eDRX for both RedCap and non-RedCap UE.
Proposal 7: The UE capability signaling to indicate the support of eDRX also indicates the support of using the same i_s in PO determination in RRC_INACTIVE as for RRC_IDLE state.
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