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1 Introduction

In the WID [1] it is specified to study the eDRX for RRC_IDLE and RRC_INACTIVE. 
	· Specify support for the following Extended DRX enhancements for RedCap UEs [RAN2, RAN3, RAN4]:

· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10.24 s, without using PTW and PH, and with common design (e.g. common set of eDRX values) between RRC Inactive and Idle

· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10485.76 s; the details of mechanisms and feasibility regarding maximum length of the extended DRX cycles for RRC Inactive and Idle need to be checked by SA2, CT1 and/or RAN4.
· RAN2 to decide which Node(s) configure eDRX in RRC_Idle and RRC_Inactive.


During the SI phase some open issues are left to be discussed in WI phase, this contribution will further discuss the eDRX for RedCap UE.
2 Discussion
· Lower bound for eDRX cycle

During the SI phase discussion, 2 options for the lower bound were proposed:

· Option 1: 5.12s

· Option 2: 2.56s 
Option 1 is similar with LTE. One 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. 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. 

· eDRX and SI update
It was agreed the LTE eDRX mechanism of PTW/H-SFN should be reused for NR as baseline in the SI phase. If an eDRX cycle >10.24s is configured for the UE, it should monitor the paging occasion during the PTW per eDRX cycle. Considering the SI updated indication may be missed by the UE when the eDRX cycle is longer than the SI modification period, to enable system information update notification for RRC_IDLE UEs configured with eDRX cycle longer than the SI modification period, an eDRX acquisition period is defined in LTE. The boundaries of the eDRX acquisition period are determined by H-SFN values for which H-SFN mod 256 =0. A UE in RRC_IDLE that is configured to use an eDRX cycle longer than the SI modification period, and receives in an eDRX acquisition period at least one Paging message including the indication of systemInfoModification-eDRX, shall acquire the updated system information at the next eDRX acquisition period boundary. systemInfoModification-eDRX comes on top of the legacy systemInfoModification still used by non-eDRX UEs, thus allowing both SI update mechanisms with different modification/acquisition periods to coexist in a cell. 
Moreover, UEs configured with an eDRX cycle longer than the SI modification should always acquire the SI before establishing an RRC connection.

Observation 1: In LTE eDRX acquisition period is defined to enable SI updated notification for RRC_IDLE UE configured with eDRX cycle longer than SI modification period. 
Observation 2: In LTE UE configured with eDRX cycle longer than the SI modification should always acquire the SI before establishing an RRC connection.

In NR, the SI modification mechanism (SI modification period) is the same as in LTE. When the eDRX cycle is not longer than the SI modification period, UE can acquire the SI modification notification with the legacy procedure. When the eDRX cycle is longer than the SI modification period, the same problem exists in NR as in LTE i.e. the UE may miss the SI updated notification. Therefore, the LTE mechanism can be reused as baseline to enable SI update notification for RRC_IDLE/RRC_INACTIVE UE configured with eDRX.
Proposal 3: LTE mechanism (define eDRX acquisition period) can be reused as baseline to enable SI update notification for RRC_IDLE/RRC_INACTIVE UE configure with eDRX:

· For a UE configured with an eDRX cycle not longer than the SI modification period, the UE acquires the SI in the next SI modification period upon receiving the SI update notification.

· For a UE configured with an eDRX cycle longer than the SI modification period, the UE acquires the SI in the next eDRX acquisition period upon receiving at least one paging including the SI update systemInfoModification-eDRX indication.
· For a UE configured with an eDRX cycle longer than the SI modification period, the UE should always acquire the SI before establishing an RRC connection.
· PTW and eDRX cycle configuration for RRC_IDLE and RRC_INACTIVE
The configuration of eDRX for RRC_IDLE and RRC_INACTIVE has been discussed in the SI phase, and the following solutions have been considered: 

-
Alt-1: A common PTW and eDRX cycle.

-
Alt-2: A common PTW but with different eDRX cycle.
-
Alt-3: A common eDRX cycle but with different PTW length.
-
Alt-4: Different eDRX cycle and different PTW length.

Except for Alt-1, the other Alts need to configure separate eDRX configuration for RRC_INACTIVE UE, i.e. one for RRC_IDLE and one for RRC_INACTIVE. Firstly we want to discuss the problems brought by supporting different eDRX parameters (Alt-2, Alt-3, Alt-4).
1. State mismatch 

Similar to R16 cases, 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, no matter it remains in RRC_INACTIVE state or goes to RRC_IDLE state, the UE can receive either RAN paging or CN paging and should therefore monitor both. 
If Alt-2 is used, the UE should apply the shorter eDRX cycle always. If Alt-3 is used, the UE should apply the longer PTW always. As for Alt-4, UE should apply the PTWs of each eDRX configured for RRC_IDLE and RRC_INACTIVE. Then, considering the added complexity, the benefit/motivation of supporting different eDRX cycles is questionable.
Another issue with monitoring both CN and RAN paging, especially for Alt-4, is when the two eDRX cycles result in different PO monitoring mechanisms, e.g. ≤ 10.24s (w/o PTW) and > 10.24s (w/t PTW). How will UE merge both schemes is unclear and will need to be discussed.
2. RAN-CN negotiation phase
Except Alt-4, there will necessarily be a need to support some parameters exchange / negotiation phase between CN and RAN to select the eDRX parameters for RRC_IDLE and RRC_INACTIVE. We think that adding more parameters to select adds complexity to this preliminary phase.

Observation 3: Different eDRX configurations (different eDRX cycle and/or different PTW) configured for the UE for RRC_INACTIVE and RRC_IDLE:

· Will introduce complexity for RAN or CN when deciding the configuration
· Will introduce specification effort in addressing how UE merges configurations with and without PTW
· May not bring much benefit if UE anyways needs to monitor the shortest eDRX cycle, longer PTW, or all the PTWs for RRC_IDLE and RRC_INACTIVE to cope with state mismatches.
Comparing with separate eDRX configuration for RRC_INACTIVE and RRC_IDLE, only one common eDRX cycle and PTW applied to both RRC_IDLE and RRC_INACTIVE, is the simplest from our perspective.  UE can only apply one eDRX cycle and PTW no matter it is released to RRC_IDLE or RRC_INACTIVE. The problem brought by state mismatch doesn’t exist for the mechanism of common eDRX configuration, The UE can benefit from the full benefit brought by the eDRX. As for NW, RAN-CN coordination is needed, but the common eDRX configuration can be decided by one node. Hence the complexity is lower compared with separate eDRX configuration, due to only one eDRX parameter configuration needs to be decided. 
Proposal 4:  One common eDRX configuration should be applied for both RRC_IDLE and RRC_INACTIVE.
· Determination of eDRX parameters for RRC_INACTIVE
During the SI phase, the node which makes the determination for eDRX parameters for RRC_INACTIVE was also discussed. Two options were proposed to be considered:
	Option 1: CN decides the eDRX parameters for RRC_INACTIVE.
-
CN has better insight on the UE traffic profile.

-
Better for addressing potential core network impacts.
-
CN is responsible for eDRX in RRC_IDLE (and UE needs to monitor for CN paging also in RRC_INACTIVE).
-
If RAN2 agrees to consider a common PTW and eDRX cycle configuration, CN based eDRX configuration can be supported with minimum impact to specifications where RAN follows the CN configured cycle. This common configuration can additionally be justified by its simplicity and less expected impacts to other WGs.
Option 2: RAN decides the eDRX parameters for RRC_INACTIVE

-
It provides more flexibility to the RAN node in the configuration of the eDRX parameters.
-
It allows RAN to configure different eDRX cycle for RRC INACTIVE.
-
In Rel-16 LTE-MTC connected to 5GC, NR-RAN chooses and configures the final eDRX cycle for RRC_INACTIVE (configuration is possible up to 10.24 seconds), based on idle mode eDRX cycle as provided by the AMF.


We proposed above to use one common eDRX parameter configuration for RRC_IDLE and RRC_INACTIVE. Thus, from this point, the benefit of the first two bullets of option 2 is not relevant. And it was agreed to configure the eDRX cycle longer than 10.24s, so the last bullet of option 2 which only take the 10.24s into consideration, is only partly applicable to NR Inactive e.g. it does not address PTW configuration, hence is also not so relevant.
On the other hand, the eDRX configuration is very much based on UE’s power profile and traffic types, which we think is better known by CN. As for the NR-specific RAN aspects potentially playing a role in the eDRX configuration (e.g. multi-beam PO), we discuss them below and rather favor solutions where the final actual paging opportunities are derived by “adapting” the CN-decided configuration to each gNB’s specific aspects. So we prefer that CN makes the decision like it is done in LTE i.e.  option 1 i.e. the CN decides the eDRX parameter for RRC_INACTIVE.

Proposal 5: The eDRX parameters should be decided by CN for RRC_INACTIVE. 
In RRC_INACTIVE, if the RAN paging is triggered, the anchor gNB should send the eDRX parameters to other target gNBs to page the UE. If the CN paging is triggered, the CN should send the eDRX parameters to the target gNB to page the UE, so from this perspective, the eDRX configuration should be acknowledged by not only the CN and UE but also by the gNB. And whether the UE is released to RRC_INACTIVE state, it is decided by the gNB which is transparent to the CN. So in order to support the eDRX used for RRC_INACTIVE, the eDRX parameters should be exchanged between the CN and RAN, so that, no matter the UE is released to RRC_IDLE or RRC_INACTIVE by RAN, both CN and RAN can trigger the paging according to the eDRX parameters.

Proposal 6: eDRX parameters should be exchanged between CN and RAN to support UE monitoring paging in RRC_INACTIVE according to the eDRX configuration.
· 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 7: 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.
3 Conclusion
This contribution discusses the eDRX mechanism (e.g. PTW, PH) used for NR RRC_IDLE and RRC_INACTIVE states, and we propose:
Observation 1: In LTE eDRX acquisition period is defined to enable SI updated notification for RRC_IDLE UE configured with eDRX cycle longer than SI modification period. 

Observation 2: In LTE UE configured with eDRX cycle longer than the SI modification should always acquire the SI before establishing an RRC connection.

Observation 3: Different eDRX configuration (different eDRX cycle and/or different PTW) configured for the UE for RRC_INACTIVE and RRC_IDLE:

· Will introduce complexity for RAN or CN when deciding the configuration
· Will introduce specification effort in addressing how UE merges configurations with and without PTW
· May not bring much benefit if UE anyways needs to monitor the shortest eDRX cycle, longer PTW, or all the PTWs for RRC_IDLE and RRC_INACTIVE to cope with state mismatches.
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: LTE mechanism (define eDRX acquisition period) can be reused as baseline to enable SI update notification for RRC_IDLE/RRC_INACTIVE UE configure with eDRX:

· For a UE configured with an eDRX cycle not longer than the SI modification period, the UE acquires the SI in the next SI modification period upon receiving the SI update notification.

· For a UE configured with an eDRX cycle longer than the SI modification period, the UE acquires the SI in the next eDRX acquisition period upon receiving at least one paging including the SI update systemInfoModification-eDRX indication.
· For a UE configured with an eDRX cycle longer than the SI modification period, the UE should always acquire the SI before establishing an RRC connection.
Proposal 4:  One common eDRX configuration should be applied for both RRC_IDLE and RRC_INACTIVE.

Proposal 5: The eDRX parameters should be decided by CN for RRC_INACTIVE. 
Proposal 6: eDRX parameters should be exchanged between CN and RAN to support UE monitoring paging in RRC_INACTIVE according to the eDRX configuration.
Proposal 7: 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.
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