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1 Introduction

Agreements on eDRX made in last meeting are as following
Agreements:

1. RAN decides and configures eDRX via RRC for RRC_INACTIVE (FFS on the need and details of coordination with the CN)

2. 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)

Agreements - via email (from offline [101]):

1. RAN2 assumes that CN provides necessary assistance information on eDRX config. for RRC_IDLE to RAN (e.g. reusing eDRX config. defined in “CN Assistance Information for RRC INACTIVE IE” for E-UTRA/5GC).

2. eDRX feature, including the related parameters (i.e. PH, PTW. H-SFN) and corresponding paging operation defined for E-UTRA/5GC is used as baseline to enable eDRX >10.24sec for both RRC_IDLE and RRC_INACTIVE in NR/5GC

3. RAN2 confirms that CN paging and RAN paging use the same paging frame offset and first PDCCH monitoring occasion in PO, which are configured by RAN without involvement of CN.

4. 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)
This contribution will further discuss the left FFS for eDRX for RedCap UE and open issues.
2 Discussion
2.1. Lower bound for eDRX
During the SI phase discussion, 2 options for the lower bound were proposed. The issues also had been discussed via offline discussion in last meeting, and the preferred minimum value allowed for the eDRX cycle in RRC_IDLE and RRC_INACTIVE is 2.56 sec[8/19]  or  5.12 sec[12/19] [3], the supporters for option 1 is a little more than the supporters for option 2:

· Option 1: 5.12s

· Option 2: 2.56s 
We support option 1, considering the intention for eDRX is power saving, so comparing with option 2, longer eDRX cycle can bring more benefit for UE on power saving. Meanwhile, option 1 is similar with LTE. The main motivation to support option 2 is that at least some RedCap UEs should be able to support the reception of emergency broadcast services within the required delay budget of 4 seconds while still saving power. However, besides to support option 2, other solutions exist allowing RedCap UEs to receive emergency broadcast services, as listed below. The pros/cons for each solution are captured in detail in the TR [2].
· Solution 1: eDRX supports a lower bound of 2.56s.

· Solution 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.
· Solution 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.

· Solution 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.

· Solution 5: RedCap UE can request an eDRX configuration while still monitoring in between (by implementation) for ETWS and CMAS. eDRX lower bound can be kept to baseline 5.12s.
As can be observed only one solution requires that the eDRX lower bound is extended down to 2.56s compared with LTE eDRX. As a result, given the many other possibilities, we suggest keeping 5.12s as the lower bound for eDRX cycle.
Proposal 1: The lower bound for eDRX cycle should be set to 5.12s to further pursue the intention of power saving. 

As a result we are left with solutions 2-5 for enabling some redcap UEs to receive emergency broadcast service. From our perspective, solution 5 fully depends on UE implementation so NW cannot really rely on it to make sure that UEs requesting eDRX would be able to receive emergency broadcast services. As for solution 2, it requires a special behavior for UEs configured by NAS with a DRX cycle of 2.56s, which we don't think is justified for the specific support of the combined features of EM reception and power saving (up to 2,56s cycle). The main benefit of solution 3 is that it has no specification impact. Although it could result in some non-typical broadcasted default DRX cycle, it is a possible solution. However, our view is that these solutions are not justified by the use case. In other words, we expect RedCap UEs needing EM reception are closely interacting with human, such as wearables, as opposed to e.g. telemeters or industrial devices. And such wearables are typically used with a “hub” device e.g. a smart watch or a smartphone with less power-critical requirements and which can handle the EM reception. Therefore we think those UEs that need to receive emergency broadcast service should not be expected to request an eDRX configuration. 
Proposal 2: RedCap UEs that need to receive emergency broadcast services are not expected to request to be configured with eDRX. 
2.2. PTW configuration
2.1.1 PTW configurations for RRC_IDLE and RRC_INACTIVE
It was agreed at least for eDRX cycle, the configurations of the eDRX for RRC_IDLE and RRC_INACTIVE can be different. But it is FFS on the configuration of PTW. When both Idle and Inactive eDRX cycles are > 10.24s, the following approaches can be discussed:

· Alt-1: common PTW length and PTW starting point

· Alt-2: common PTW starting point, separate PTW length

· Alt-3: separate PTW starting point, separate PTW length

Firstly, we need to consider that there can be state mismatch between the UE and the network. For example, the UE may assume it is in RRC_INACTIVE state, however the network assumes it is in RRC_IDLE, (a rare event e.g. caused by UE context lost in gNB). In another example, if the UE in RRC_INACTIVE state moves to RRC_IDLE due to some reason e.g it reselects to another RAT and then gets back to the NR cell again, the source gNB may consider the UE is still in RRC_INACTIVE. For this reason, when the UE was released to RRC_INACTIVE state, the UE can receive either RAN paging or CN paging and should therefore monitor both. Take the state mismatch into consideration, when the UE is released to inactive, if the eDRX configuration (eDRX cycle>10.24s) for inactive and eDRX configuration (eDRX cycle>10.24s) for Idle both configured for the UE, UE should monitor paging occasion during both the PTW for Idle and inactive to avoid missing paging from RAN or CN.
Observation 1: In RRC_INACTIVE, to avoid missing paging, when a UE is configured with both Idle and Inactive eDRX configuration with eDRX cycle>10.24s the UE should monitor paging occasions during both the PTW for Idle and Inactive.
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Alt-1: common PTW length and PTW starting point
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Alt-2: common PTW starting point, separate PTW length
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Alt-3: Separate PTW starting point, separate PTW length
For Alt-1, UE only need to monitor the paging occasion during the common PTW, no matter the UE is in idle or inactive. For Alt-2, the UE should always monitor paging occasion during the longer PTW if the UE was released to inactive. For Alt-3, the UE should monitor paging occasion during both the PTW for inactive and PTW for idle. 

It is obvious, the more overlap between the PTW configured for idle and the PTW configured for inactive, the more benefit the UE can obtained from the eDRX configuration. Comparing with other alts, Alt-3 will bring the least benefit on power saving for UE. As for Alt-1 and Alt-2, the intention of the PTW is to avoid UE miss the paging by repetition. From this point, there is no need to set separate PTW lengths for idle and inactive UE, and Alt-1 can bring most power saving benefit. So we propose to support Alt-1 for PTW configuration.
Proposal 3: Common PTW length and PTW starting point should be configured for UE when eDRX configuration for idle (eDRX cycle>10.24s) and eDRX configuration for inactive (eDRX cycle>10.24s) both configured for UE.
2.1.2 Impact of multiple beams on PTW
In LTE, one PO is a sub-frame. But for NR, due to beam sweeping introduced by multiple beams, one PO is a set of PDCCH monitoring occasions which can consist in multiple slots and even span more than one radio frame. The current LTE PTW mechanism is as described below (TS36.304):

	H-SFN mod TeDRX,H= (UE_ID_H mod TeDRX,H)
-
T eDRX,H : eDRX cycle of the UE in Hyper-frames, (TeDRX,H =1, 2, …, 256 Hyper-frames) (for NB-IoT, TeDRX,H =2, …, 1024 Hyper-frames) and 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 = 256* ieDRX, where

-
ieDRX = floor(UE_ID_H /TeDRX,H) mod 4

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 length (in seconds) configured by upper layers


For the case one PO spans more than one SFN, one or both of the following cases may occur:

· PTW_start is located inside one PO, i.e. the PO_start<PTW_start< PO_end

· PTW_end is located inside one PO, i.e. the PO_start<PTW_end< PO_end

PO_start denotes the SFN of the first PDCCH monitoring occasions for the first beam

PO_end denotes the SFN of the last PDCCH monitoring occasions for the last beam
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If one such “multi-beam” PO is not fully located in the PTW and the UE strictly applies the PTW, the UE may miss a paging message. Moreover, the “multi-beam” PO occasion is determined by each gNB independently and it is likely different between gNBs. So this issue can’t be addressed by coordination between RAN and CN to configure the eDRX cycle and PTW length to ensure that all the POs located in the PTW are full POs. 

In order to solve this problem, RAN 2 should study one of the following options:

· RAN broadcasts extra parameters e.g. gNB-specific offset adjusting PTW_start and/or PTW_end so that the PO located in the PTW consist of all the PDCCH occasion for paging from all the beams.
· Specify if the PTW_end is before one PO end, UE monitor the PO until this PO end (and the other way around for PTW_start and PO start).

Proposal 4: RAN2 to study the mechanism to solve the problem that UE may miss paging message due to part of a “multi-beam” PO may be located outside the PTW.
2.3. Combinations of eDRX configurations for RRC_IDLE and RRC_INACTIVE
Because the eDRX can be configured separately for idle and inactive, and considering different mechanisms are used when eDRX cycle is shorter than 10.24s and longer than 10.24s, the UE behavior should take into consideration each combination of eDRX configurations for idle and inactive. The possible combinations of eDRX configurations for idle and inactive are listed below:
· Case 1: eDRX is only configured for idle

· Case 1-1: eDRX cycle > 10.24s

· Case 1-2: eDRX cycle <= 10.24s

· Case 2: eDRX is only configured for inactive

· Case 2-1: eDRX cycle > 10.24s

· Case 3-2: eDRX cycle <= 10.24s
· Case 3:eDRX is configured for both idle and inactive
· Case 3-1: both eDRX cycle > 10.24s 

· Case 3-2: both eDRX cycle <= 10.24s

· Case 3-3: for idle, eDRX cycle > 10.24s; for inactive, eDRX cycle <= 10.24s

· Case 3-4: for idle, eDRX cycle <=10.24s; for inactive, eDRX cycle >10.24s
Firstly we should discuss the validity of each case or restriction on the configuration. For example, during the discussion of eDRX for inactive, some companies point out that eDRX cycle for inactive shouldn’t be longer than eDRX cycle for idle. Similar restriction for shorter eDRX cycle for Inactive was also made in LTE, i.e. the agreement made in RAN2#109e for eMTC (in LTE it is not allowed to configure eDRX cycle>10.24s for Inactive, which then only support 5.12s and 10.24s):

	· When idle mode eDRX is not configured, eMTC UEs in RRC_INACTIVE monitor the paging occasions according to the shortest of the cell default paging cycle, the UE specific DRX (if configured), and the RAN paging cycle (if configured).

· When idle mode eDRX is not configured, eMTC UEs in RRC_INACTIVE cannot be configured with values 5.12 sec and 10.24 sec


For NR, RAN2 also should discuss whether some restriction is needed for the configuration of eDRX for Inactive i.e. whether it is allowed to configure eDRX for Inactive only or allowed to configure eDRX cycle longer than eDRX cycle for Idle. Considering the access latency requirement for UE in Idle doesn’t need to be stricter than that for UE in Inactive, and the requirement of power saving for UE in Idle shouldn’t be less than that for UE in Inactive, so it is not reasonable to set longer eDRX cycle for Inactive state than that for Idle state. And similarly, we see not motivation to support eDRX for Inactive state only. But reducing the number of supported combinations will decrease both the specification and UE complexities.
Proposal 5: RAN2 should specify that the following cases shouldn’t be allowed to configure for eDRX of NR Idle and Inactive:

· configure eDRX for Inactive only
· configure eDRX cycle for Inactive longer than eDRX cycle for Idle
In LTE, it is allowed to configure eDRX for Idle only, and it is reasonable to allow that case for NR as well. As for case 3, we have agreed to configure different eDRX cycles for Inactive and Idle, and will further discuss the PTW configuration when eDRX cycle is longer than 10.24s, but we think we should allow cases 3-1, 3-2 and case 3-3. The case 3-4 shouldn’t be supported depending on proposal 5.
Proposal 6: RAN 2 should allow the following cases to be configured for UE:

· Case 1: eDRX is only configured for idle

· Case 3:eDRX is configured for both idle and inactive
· Case 3-1: both eDRX cycle > 10.24s 

· Case 3-2: both eDRX cycle <= 10.24s

· Case 3-3: for idle, eDRX cycle > 10.24s; for inactive, eDRX cycle <= 10.24s
For case 1, if only eDRX for idle is configured for UE, in LTE it is specified as following:

	TS 36.304 , 7.3 Paging in extended DRX
The UE may be configured by upper layers with an extended DRX (eDRX) cycle TeDRX. Except for NB-IoT, the UE may operate in extended DRX only if the UE is configured by upper layers and the cell indicates support for eDRX in System Information. For NB-IoT, the UE may operate in extended DRX only if the UE is configured by upper layers. If the UE is configured with a TeDRX cycle of 512 radio frames, it monitors POs as defined in 7.1 with parameter T = 512. Otherwise, a UE configured with eDRX monitors POs as defined in 7.1 (i.e, based on the upper layer configured DRX value and a default DRX value determined in 7.1 or if the UE is in RRC-INACTIVE based on the upper layer configured DRX value,default DRX cycle and RAN paging cycle determined in 7.1), 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.


	TS 36.304  7.1 Discontinuous Reception for paging
T: DRX cycle of the UE.


Except for NB-IoT: If a UE specific extended DRX value of 512 radio frames is configured by upper layers according to 7.3, T =512. Otherwise, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. In RRC_INACTIVE state, if extended DRX is not configured by upper layers as defined in 7.3, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if allocated by upper layers. Otherwise, in RRC_INACTIVE state when extended DRX is configured by upper layers, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, if allocated by upper layers and the default paging cycle during the PTW as defined in 7.3, and by the RAN paging cycle outside the PTW.


We think in NR, the same mechanism should apply when the UE is only configured with eDRX cycle for idle:
Proposal 7a: If the UE is only configured with eDRX for idle and the eDRX cycle >10.24s, the UE shall monitor the paging occasion:

· According to T during 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. In RRC_IDLE state, if UE specific DRX is not configured by upper layers, the default value is applied) or until a paging message including the UE's NAS identity is received for the UE during the PTW, whichever is earlier.

· According to RAN paging cycle outside the PTW as 7.1 specified in 38.304, if UE in RRC_INACTIVE state.

Proposal 7b: If the UE is only configured with eDRX configuration for idle and the eDRX cycle <=10.24s, the UE shall monitor the paging occasion according to T as 7.1 specified in 38.304, T is determined by the eDRX cycle.
For case 3-1, both eDRX cycle > 10.24s, so considering the configuration for the PTW is still under discussion, the UE behavior under this case can be further discussed when more progress is made on the configuration on eDRX cycle and PTW. 
For case 3-2, both eDRX cycle <= 10.24s. Considering UE in inactive should monitor both CN paging and RAN paging, so it seems the UE should monitor the paging occasion with T= min {eDRX cycle for idle, eDRX cycle for inactive}, it is obvious, if the eDRX cycle for idle and inactive is set to the same value, UE can get the most power saving benefit, otherwise the power benefit only relies on the shorter eDRX cycle. Some companies propose to restrict the configuration for this case and propose same value should be set for eDRX cycle for idle and inactive when both eDRX cycle<=10.24s. In general the key argument for allowing a shorter eDRX cycle in RAN (inactive) compared with CN is to limit the amount of buffering required for the DL data in gNB. However, this argument could hold when discussing eDRX cycle>10.24s, but it may not make a big difference between the values <= 10.24s. Moreover, in LTE if eDRX cycle =5.12s is configured for the UE, UE will monitor paging according to T=5.12s no matter it is in idle or in inactive. This means, in LTE, the extended DRX with eDRX cycle = 5.12s can only be configured commonly for both idle and inactive. Therefore, given there is no significant motivation to depart from LTE on this aspect, we suggest:
Proposal 8: If eDRX is configured for both Idle and Inactive, and both eDRX cycles <= 10.24s, then the same eDRX cycle value should be set for both idle and inactive. And UE shall monitor the paging occasion according to T as 7.1 specified in 38.304, T is determined by the eDRX cycle.
For case 3-3, UE is configured with eDRX for idle with an eDRX cycle > 10.24s, and the UE is configured with eDRX for inactive with an eDRX cycle <= 10.24s. Considering the PTW should be used for idle, CN will send paging during the PTW only, according to T as legacy (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. In RRC_IDLE state, if UE specific DRX is not configured by upper layers, the default value is applied). But RAN paging will be sent according to eDRX cycle configured by RAN for inactive which is not used with PTW. So the UE can only monitor the paging occasion according to the eDRX cycle configured by RAN outside the PTW but monitors the paging occasion during the PTW like the legacy.
Proposal 9: If the UE is configured with eDRX for Idle with the eDRX cycle >10.24s, and the UE is configured with eDRX for inactive with eDRX cycle <=10.24s, the UE shall monitor the paging occasion:

· In RRC_IDLE state: according to T during PTW as 7.1 specified in 38.304, (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. If UE specific DRX is not configured by upper layers, the default value is applied) or until a paging message including the UE's NAS identity is received for the UE during the PTW, whichever is earlier.

· In RRC_INACTIVE state: same as above within PTW configured for idle and according to eDRX cycle configured for inactive outside the PTW as 7.1 specified in 38.304, if UE.
3 Conclusion
This contribution further discusses the eDRX mechanism used for NR RRC_IDLE and RRC_INACTIVE states, and we propose:
Observation 1: In RRC_INACTIVE, to avoid missing paging, when a UE is configured with both Idle and Inactive eDRX configuration with eDRX cycle>10.24s the UE should monitor paging occasions during both the PTW for Idle and Inactive.

Proposal 1: The lower bound for eDRX cycle should be set to 5.12s to further pursue the intention of power saving. 

Proposal 2: RedCap UEs that need to receive emergency broadcast services are not expected to request to be configured with eDRX. 
Proposal 3: Common PTW length and PTW starting point should be configured for UE when eDRX configuration for idle (eDRX cycle>10.24s) and eDRX configuration for inactive (eDRX cycle>10.24s) both configured for UE.
Proposal 4: RAN2 to study the mechanism to solve the problem that UE may miss paging message due to part of a “multi-beam” PO may be located outside the PTW.
Proposal 5: RAN2 should specify that the following cases shouldn’t be allowed to configure for eDRX of NR Idle and Inactive:

· configure eDRX for Inactive only

· configure eDRX cycle for Inactive longer than eDRX cycle for Idle
Proposal 6: RAN 2 should allow the following cases to be configured for UE:

· Case 1: eDRX is only configured for idle

· Case 3:eDRX is configured for both idle and inactive
· Case 3-1: both eDRX cycle > 10.24s 

· Case 3-2: both eDRX cycle <= 10.24s

· Case 3-3: for idle, eDRX cycle > 10.24s; for inactive, eDRX cycle <= 10.24s

Proposal 7a: If the UE is only configured with eDRX for idle and the eDRX cycle >10.24s, the UE shall monitor the paging occasion:

· According to T during 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. In RRC_IDLE state, if UE specific DRX is not configured by upper layers, the default value is applied) or until a paging message including the UE's NAS identity is received for the UE during the PTW, whichever is earlier.

· According to RAN paging cycle outside the PTW as 7.1 specified in 38.304, if UE in RRC_INACTIVE state.

Proposal 7b: If the UE is only configured with eDRX configuration for idle and the eDRX cycle <=10.24s, the UE shall monitor the paging occasion according to T as 7.1 specified in 38.304, T is determined by the eDRX cycle.
Proposal 8: If eDRX is configured for both Idle and Inactive, and both eDRX cycles <= 10.24s, then the same eDRX cycle value should be set for both idle and inactive. And UE shall monitor the paging occasion according to T as 7.1 specified in 38.304, T is determined by the eDRX cycle.
Proposal 9: If the UE is configured with eDRX for Idle with the eDRX cycle >10.24s, and the UE is configured with eDRX for inactive with eDRX cycle <=10.24s, the UE shall monitor the paging occasion:

· In RRC_IDLE state: according to T during PTW as 7.1 specified in 38.304, (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. If UE specific DRX is not configured by upper layers, the default value is applied) or until a paging message including the UE's NAS identity is received for the UE during the PTW, whichever is earlier.

· In RRC_INACTIVE state: same as above within PTW configured for idle and according to eDRX cycle configured for inactive outside the PTW as 7.1 specified in 38.304, if UE.
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