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1 Introduction
The following agreements have been previously reached for Enhanced eDRX in RRC_INACTIVE WI in RAN2#121 meeting [1]: 
	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.




In this contribution, we discuss further considerations for supporting Enhanced eDRX (>10.24s) in RRC_INACTIVE.
2 Discussion
2.1 PTW mechanism for enhanced eDRX in RRC_INACTIVE
In Rel-17, when the eDRX cycle configured by upper layers (TeDRX,CN) is greater than 10.24s, the position and the length of the Paging Time Window (PTW) during which the UE monitors POs is determined by the following equations [2]:
	The PH for CN is the H-SFN satisfying the following equations:
H-SFN mod TeDRX_CN= (UE_ID_H mod TeDRX_CN), where
-	UE_ID_H: 13 most significant bits of the Hashed ID.
-	TeDRX_CN: UE-specific eDRX cycle in Hyper-frames, (TeDRX_CN = 2, …, 1024 Hyper-frames) configured by upper layers.
PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:
SFN = 128 * ieDRX_CN, where
-	ieDRX_CN = floor(UE_ID_H /TeDRX_CN) mod 8
PTW_end is the last radio frame of the PTW and has SFN satisfying the following equation:
SFN = (PTW_start + L*100 - 1) mod 1024, where
-	L = Paging Time Window (PTW) length (in seconds) configured by upper layers



The PTW_start for an individual UE only depends on the UE_ID_H and TeDRX values used in the PTW_start formula. Because of the agreements captured above stating that the PH/PTW formulas for eDRX in RRC_IDLE will be used as baseline and PTW_start must be same for RAN and CN PTWs when they coincide in the same PH, same UE_ID_H and TeDRX must be used for calculating the PTW for RAN and CN.
Furthermore, because the TeDRX,CN is already used for calculating the PTW_start for CN paging, it should also be used for calculating the RAN paging as well, so that the PTW_start positions for RAN and CN will be the same.
Observation 1: To have the same PTW_start position for RAN and CN PTW when RAN and CN paging coincide in the same PH, same TeDRX,CN value (=TeDRX,CN) and UE_ID_H will need be used in the PTW_start formula.
It is worth noting that the division of UE_ID_H by TeDRX essentially right-shifts the UE_ID_H (which consists of 13 bits), changing the position of the bits in the UE_ID_H that are used in the LHS of the modulo operation. However, it is the modulo operation by 8 that assigns different PTW_start positions to different UEs, uniformly distributing different PTW_start positions to different UEs. The division (of right-shift) operation only changes which bits in the UE_ID_H are used in the formula but not how many bits, which is always fixed to 3 (because of the modulo operation with 8). An example is illustrated in Figure 1 below.
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[bookmark: _Ref131075265][bookmark: _Ref131077005]Figure 1 Bits in UE_ID_H used in the LHS of modulo operation in PTW_start formula

Observation 2: The value of TeDRX used in the PTW_start formula only impacts which 3 bits in the UE_ID_H are used for determining the PTW_start position, but the number of bits (3) is always fixed in the formula because of the (modulo 8) operation.
From the point of uniformly distributing the PTW_start positions to different UEs, it does not make a material difference which 3 bits of the UE_ID_H are used (for example, whether bits [b12:b10] or bits [b11:b9] in Figure 1 are used). Therefore, it does not make much difference if TeDRX,CN or TeDRX,RAN is used in the PTW_start formula for RAN (when RAN and CN paging do not coincide in the same PH). For simplicity, TeDRX,CN can be used for determining PTW_start for RAN when RAN and CN PTWs do not coincide in the same PH as well.
Proposal 1: TeDRX,CN is used in the PTW_start formula for RAN paging, i.e., adopt the following formula:
ieDRX_RAN = floor(UE_ID_H /TeDRX_CN) mod 8
Also, it would be good to explicitly confirm that the same UE_ID_H is used in CN and RAN eDRX formulas.
Proposal 2: The UE_ID_H used in the CN eDRX formulas in Rel-17 is reused in the RAN eDRX formulas in Rel-18.
Although there has been an agreement from the last RAN2 meeting to reuse the formula of PH for IDLE eDRX for enhanced eDRX in RRC_INACTIVE, it would be good to confirm the formula with an agreement. In other words, the PH formula for enhanced eDRX in RRC_INACTIVE can be written by replacing TeDRX_CN with TeDRX_RAN in the PH formula for CN:
H-SFN mod TeDRX_RAN= (UE_ID_H mod TeDRX_RAN)
Proposal 3: The PH for RAN is the H-SFN satisfying the following equation:
H-SFN mod TeDRX_RAN= (UE_ID_H mod TeDRX_RAN)

According to previous RAN2 agreements and the RRC specification [3], TeDRX,RAN must be shorter than or equal to TeDRX,CN: 
	ran-ExtendedPagingCycle
The extended DRX (eDRX) cycle for RAN-initiated paging to be applied by the UE. Value rf256 corresponds to 256 radio frames, value rf512 corresponds to 512 radio frames and so on. Value of the field indicates an eDRX cycle which is shorter or equal to the IDLE mode eDRX cycle configured for the UE.



It was agreed in RAN2#121 meeting that the value range for TeDRX,CN will also apply for TeDRX,RAN, i.e., hf2, hf4, hf8, hf16, hf32, hf64, hf128, hf256, hf512, hf1024. Therefore, all the TeDRX values can be expressed as 2n (0 ≤ n ≤ 10). The modulo operation (H-SFN mod TeDRX) is equivalent to taking the least significant n bits of H-SFN as illustrated in Figure 2 below.
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Figure 2 Illustration of UE_ID_H mod TeDRX as a bit-wise operation

With the condition that TeDRX,RAN  ≤ TeDRX,CN, the equations for CN and RAN PH for a single H-SFN can be visualized in Figure 3 below. 
In this example, TeDRX,CN = 256 and TeDRX,RAN = 64. For the hyper-frame to be considered as PH for CN paging, bits [h0:h7] of H-SFN must match bits [u0-u7] of UE_ID_H. For the hyper-frame to be considered as PH for RAN paging, bits [h0:h5] of H-SFN must match bits [u0-u7] of UE_ID_H. But, if bits [h0:h7] = [u0:u7], then bits [h0:h5] must always be = [u0:u5]. In other words, any hyper-frame satisfying the PH for CN condition also satisfies PH for RAN condition, i.e., all PHs for CN paging coincide with a PH for RAN paging.
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[bookmark: _Ref131668290]Figure 3 Illustration of CN and RAN PH condition for one Hyper-frame (H-SFN)

Observation 3: With the condition that TeDRX,RAN ≤ TeDRX,CN  and with the agreed range for TeDRX,CN and TeDRX,RAN,  all PHs for CN coincide with a PH for RAN.
Currently, PTW lengths for CN and RAN can have different values without any limitation. However, we think that there is no strong motivation to have a RAN PTW length that is smaller than the CN PTW length. The motivation for going into RRC_INACTIVE state is to improve the reachability of the UE by reducing the latency for paging compared to RRC_IDLE state. Therefore, the PTW length for RAN should always be longer than or equal to the PTW length for CN.
Observation 4: There is no strong motivation to have a RAN PTW length that is smaller than the CN PTW length.
Proposal 4: PTW length for RAN is longer than or equal to PTW length for CN.
With the proposals above, there are 2 cases remaining to consider for RRC_INACTIVE (illustrated in Figure 4 below):
1. During PTWRAN only
2. When PTWCN and PTWRAN are overlapping
In other words, the case for PTWCN only (not overlapping with PTWRAN) can be ruled out.
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[bookmark: _Ref131581174]Figure 4 PTW mechanism for RRC_INACTIVE

Next, we need to discuss what the value of T (DRX cycle of the UE) should be for each case. 
[bookmark: _Hlk131672515]For the first case (during PTWRAN only), there is no possibility of CN paging. Also, the gNB has decided to override the default paging cycle broadcast is system information with a ran-PagingCycle value included in the SuspendConfig field in RRCRelease message (i.e., UE specific DRX value configured by RRC, or TRAN).
Proposal 5: During PTWRAN only, T=TRAN (UE specific DRX value configured by RRC).
For the second case (overlapping), we can consider two options:
· Option 1: T is determined by the shortest of the UE specific DRX value(s), if configured by RRC and/or upper layers (TCN and TRAN), and a default DRX value broadcast in system information (defaultPagingCycle):
T = min (TCN, TRAN, defaultPagingCycle)
· Option 2: T is determined by the UE specific DRX value configured by RRC (i.e., same as PTWRAN only, TRAN):
T = TRAN
The disadvantage of the first option is that it will increase the complexity of the eDRX operation (need to consider different Ts for overlapping and non-overlapping durations). This will require more specification and testing effort for different cases.
On the other hand, the second option simplifies the eDRX operation (only need to consider one T value = TRAN for both overlapping and non-overlapping durations). However, if TCN or defaultPagingCycle are smaller than TRAN, there will be a small impact on the UE power saving.
We think that the pros/cons of each option can be discussed further in RAN2.
Proposal 6: When PTWCN and PTWRAN are overlapping, RAN2 to select between two options: 
· Option 1: T = min (TCN, TRAN, defaultPagingCycle)
· Option 2: T = TRAN
2.2 Capability for supporting enhanced eDRX
In the last RAN2 meeting, there were some discussions on the UE capability aspects of enhanced eDRX. It is generally assumed that a new capability will be generated for enhanced eDRX. However, whether to make this new capability reliant on the existing capability for Rel-17 eDRX was under discussion.
Note that that having a dependency between two capabilities will force all UEs implementing Rel-18 enhanced eDRX for RRC_INACTIVE to implement Rel-17 eDRX for RRC_INACTIVE as well (i.e., with shorter eDRX cycles). We think that the UEs should have the freedom to choose which eDRX version to implement. There may be some use cases that only require long eDRX cycles for RRC_INACTIVE such as smart meters. If the capabilities are independent, those UEs will not have to implement and test Rel-17 eDRX for RRC_INACTIVE, which will reduce the deployment cost of the UEs.
Observation 5: Making Rel-18 enhanced eDRX capability dependent on Rel-17 eDRX capability for RRC_INACTIVE will force all UEs to implement short eDRX cycles and impact the implementation efforts of some UEs.
Proposal 7: The new capability for Rel-18 enhanced eDRX does not require the UE to support the existing capability for Rel-17 eDRX for RRC_INACTIVE, i.e., the two capabilities are independent of each other.
2.3 Fallback from enhanced eDRX
According to agreement in RAN2#121, a gNB indicates support for enhanced eDRX in RRC_INACTIVE in SIB1. If the UE was previously configured with a TeDRX,RAN value greater than 10.24s (while in a cell that supported enhanced eDRX), and it moves to a cell that does not support enhanced eDRX (i.e., cell supporting TeDRX,RAN up to 10.24s only), the UE behaviour needs to be defined.
Two options can be considered:
· Option 1: The UE stops using eDRX for RAN paging in RRC_INACTIVE: The UE behaviour for this option is like the Rel-17 case where the UE moves from a cell supporting eDRX in RRC_INACTIVE to a cell that does not support it.
· Option 2: The UE stops using enhanced eDRX and starts using Rel-17 eDRX (if available and the UE supports it) for RRC_INACTIVE: This option is beneficial for power savings but may somewhat increase UE and network complexity. If the UE was not previously configured with Rel-17 eDRX for RRC_INACTIVE, the UE will have to stop using eDRX for RRC_INACTIVE. Also, this is linked to the discussion for Rel-17 and Rel-18 UE capability dependencies (whether Rel-18 eDRX capability requires support of Rel-17 eDRX capability). If the capabilities are independent, and if the UE supports Rel-18 eDRX but not Rel-17 eDRX for RRC_INACTIVE, the UE will have to stop using eDRX for RRC_INACTIVE.
Observation 6: Falling back to Rel-17 eDRX from Rel-18 eDRX is beneficial for power savings with a small impact on complexity.
Considering the pros and cons, we propose to adopt option 2.
Proposal 8: If a UE is configured with Rel-18 eDRX and then moves to a cell that only supports Rel-17 eDRX:
· If the UE was previously configured for Rel-17 eDRX for RRC_INACTIVE, it starts using Rel-17 eDRX
· Otherwise, it stops using eDRX for RAN paging in RRC_INACTIVE
Additionally, RAN2 should confirm that when the UE moves back to a cell supporting enhanced eDRX, it can resume enhanced eDRX operation. This is also true when the UE has previously stopped eDRX operation because it was not allowed in the target cell.
Proposal 9: When a UE moves back to a cell that supports Rel-18 eDRX after falling back to Rel-17 eDRX operation or stopping eDRX operation for RRC_INACTIVE, it resumes Rel-18 enhanced eDRX operation.
3 Conclusion
In this contribution, we discuss some further considerations for supporting Enhanced eDRX (>10.24s) in RRC_INACTIVE and have the following observations and proposals:
PTW mechanism:
Observation 1: To have the same PTW_start position for RAN and CN PTW when RAN and CN paging coincide in the same PH, same TeDRX value (=TeDRX,CN) will need to be used in the PTW_start formula.
Observation 2: The value of TeDRX used in the PTW_start formula only impacts which 3 bits in the UE_ID_H are used for determining the PTW_start position, but the number of bits (3) is always fixed in the formula because of the (modulo 8) operation.
Proposal 1: TeDRX,CN is used in the PTW_start formula for RAN paging, i.e., adopt the following formula:
ieDRX_RAN = floor(UE_ID_H /TeDRX_CN) mod 8
Proposal 2: The UE_ID_H used in the CN eDRX formulas in Rel-17 is reused in the RAN eDRX formulas in Rel-18.
Proposal 3: The PH for RAN is the H-SFN satisfying the following equation:
H-SFN mod TeDRX_RAN= (UE_ID_H mod TeDRX_RAN)
Observation 3: With the condition that TeDRX,RAN ≤ TeDRX,CN  and with the agreed range for TeDRX,CN and TeDRX,RAN,  all PHs for CN coincide with a PH for RAN.
Observation 4: There is no strong motivation to have a RAN PTW length that is smaller than the CN PTW length.
Proposal 4: PTW length for RAN is longer than or equal to PTW length for CN.
Proposal 5: During PTWRAN only, T=TRAN (UE specific DRX value configured by RRC).
Proposal 6: When PTWCN and PTWRAN are overlapping, RAN2 to select between two options: 
· Option 1: T = min (TCN, TRAN, defaultPagingCycle)
· Option 2: T = TRAN
UE capability for Rel-18 enhanced eDRX:
Observation 5: Making Rel-18 enhanced eDRX capability dependent on Rel-17 eDRX capability for RRC_INACTIVE will force all UEs to implement short eDRX cycles and impact the implementation efforts of some UEs.
Proposal 7: The new capability for Rel-18 enhanced eDRX does not require the UE to support the existing capability for Rel-17 eDRX for RRC_INACTIVE, i.e., the two capabilities are independent of each other.
Fallback from Rel-18 enhanced eDRX:
Observation 6: Falling back to Rel-17 eDRX from Rel-18 eDRX is beneficial for power savings with a small impact on complexity.
Proposal 8: If a UE is configured with Rel-18 eDRX and then moves to a cell that only supports Rel-17 eDRX:
· If the UE was previously configured for Rel-17 eDRX for RRC_INACTIVE, it starts using Rel-17 eDRX
· Otherwise, it stops using eDRX for RAN paging in RRC_INACTIVE
Proposal 9: When a UE moves back to a cell that supports Rel-18 eDRX after falling back to Rel-17 eDRX operation or stopping eDRX operation for RRC_INACTIVE, it resumes Rel-18 enhanced eDRX operation.
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