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Discussion and decision
1 Introduction

RAN2 agreed on the following for the extension of paging DRX cycle in RAN2#105 and RAN2#105bis meetings:
RAN2 will not study increasing it above 10.24s in this SID.

RAN2 will consider extending the DRX cycle length to 10.24 in idle and inactive mode. 

Define PS specific rule for DRX cycle determination in IDLE and INACTIVE, in the presence of different DRX cycle configuration (e.g. UE specific and default).  Aim at reusing existing mechanism (e.g. eDRX).  FFS how it is enabled.

DRX cycles are decided by network based on UE presence indications. Aim at reusing existing mechanism (e.g. eDRX).
This contribution discuss how the longer paging DRX cycles could be configured to UE, and used by UE when it is longer than the default DRX cycle taken into consideration related LTE I-eDRX operation and NR specification.

2 Discussion

2.1 Configuration of longer DRX values
In LTE, the extended DRX (eDRX) cycles were only configured by upper layers as this feature was defined for UEs in RRC_IDLE. In NR operation, the UE specific DRX value can be configured via RRC for UEs in RRC_INACTIVE or via upper layers for UEs in RRC_IDLE. As NR operation aims to address both RRC state, same NR mechanism could be extended when configuring the longer DRX cycle lengths of 5.12s and 10.24s. 
Proposal 1. The longer paging DRX cycles of 5.12s and 10.24s can be configured via RRC for UEs in RRC_INACTIVE or via upper layers for UEs in RRC_IDLE. If this feature (i.e. longer paging DRX cycles of 5.12s and 10.24s) is part of R16 PWS WI phase, SA2 and CT1 needs to enable the corresponding DRX signaling configuration for UEs in RRC_IDLE.

In LTE, the eNB indicates whether the usage of extended DRX (eDRX) is allowed or not in the cell by broadcasting eDRX-Allowed. When this indication is not present in a cell, the UE shall stop using extended DRX in idle mode. For NR, similar behaviour should also be desirable understanding that not all the cells may support or enable the usage of this feature. 
Proposal 2. gNB broadcasts an indication when longer paging DRX cycles of 5.12s and 10.24s can be used by UEs in RRC_INACTIVE or RRC_IDLE. If this new indication is not present, the UE shall stop using the longer paging DRX cycles and behaves as legacy (i.e. UE uses the shortest of the configured DRX cycles and the default DRX cycle).
2.2 Usage of longer DRX cycles 
In LTE, the following behavior is defined for I-eDRX of 5.12s or higher values (starting with 10.24s), TS 36.304:
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), 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.
NR does not include LTE I-eDRX like of feature as this feature targets MTC use cases instead of eMBB or URLLC one. The motivation to extend paging DRX cycle values up to 10.24s was to align it with NR C-DRX cycle length while still targeting eMBB or URLLC use cases. Therefore there is no need foreseen to enable LTE I-eDRX like of feature (i.e. H-SFN, PTW, PH). For NR, the following behavior is defined for the paging mechanism, TS 38.304:

T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value, if configured by RRC or upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by RRC or by upper layers, the default value is applied).

The simpler approach is that when a UE in RRC_IDLE/INACITVE is configured by the network with these longer DRX cycles for power saving purposes, the UE should use them instead of the shortest of the configured ones. 
Proposal 3. When a UE is configured with a UE specific DRX cycle value of 5.12s or 10.24s, T is set to the 512 or 1024 correspondingly (instead of using the shortest of the configured ones, i.e. UE specific DRX value and a default DRX value). 

2.3 Paging DRX procedure

LTE Rel-13 extended I-DRX feature (i.e. I-eDRX) defines different paging monitoring behavior when a UE configured with I-eDRX of 5.12s vs 10.24s, as explained here below:

· For I-eDRX of 5.12s, UE monitors PO(s) based on paging DRX proc. (section 7.1 in TS 36.304).
· For I-eDRX greater than 5.12s, UE monitors PO(s) based on paging DRX proc. (section 7.1 in TS 36.304) during a periodic Paging Time Window (PTW) configured for the UE or, until a paging msg. is successfully received during the PTW (i.e. a paging msg. including UE’s NAS ID). 

The motivation to enable the PTW is to provide a window of opportunities for the network to re-page the UE, when required, without having to wait for long periods of time (understanding that in LTE the range could go up to 43.69min. for eMTC/LTE and 2.91h for NB-IoT. As NR maximum range is only 10.24s, it is not necessary to enable the PTW related behavior.

In addition, a hyper-SFN (H-SFN) concept is also defined in the RAN to provide the means for a UE, using I-eDRX cycles longer than 10.24 sec, to re-synchronize over Uu interface without sending UL signalling; however this would not be a concern in NR as it only considers values up to 10.24s.
Observation 1. There is no need identified to define different paging monitoring handling for UE's configured with 5.12s vs 10.24s. This is a different approach as it was done for LTE I-eDRX (as for I-eDRX of 5.12s, UE monitors PO(s) based on paging DRX proc., but for I-eDRX greater than 5.12s, UE monitors PO(s) based on paging DRX proc. only during a periodic PTW or, until a paging msg. is successfully received during the PTW).

Proposal 4. When a UE is configured with a UE specific DRX cycle value of 5.12s or 10.24s, UE monitors PO(s) based on paging DRX procedures specified in TS 38.304.
2.4 SI notification impacts due to the longer DRX values

When selecting the shortest of the configured DRX cycles, network can know that UE will not miss any notification when the SI is or will be changed. For LTE Rel-13 extended I-DRX feature (i.e. I-eDRX), the following behavior was defined (which is also further clarified in the following figure):

· If DRX cycle <= BCCH modification period, SI change notification follows the “legacy LTE” procedure.

· Upon receiving a change notification of the SI (i.e. systemInfoModification), the UE acquires the new SI immediately from the start of the next BCCH modification period.

· If DRX cycle > BCCH modification period, SI change notification mechanism was modified as follow:

· Upon receiving a change notification of the SI for eDRX (i.e. systemInfoModification-eDRX), a UE acquires the updated SI immediately from the start of next eDRX acquisition period. With the systemInfoModification-eDRX defined within paging message and Direct Indication information.
· Before establishing (or resuming) an RRC connection, if more than one BCCH modification period has passed since the UE last verified validity of stored SI, the UE verifies that stored SI remains valid (e.g. via systemInfoValueTag).
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Figure 1. Operation of “eDRX acquisition boundary/period” and “BCCH modification boundary/period”
The motivation to define a new paging indication, systemInfoModification-eDRX, was to avoid impacting UEs not configured with I-eDRX when having to receive more paging notifications (due to notifications of a SI change). 
Observation 2. A new paging indication of systemInfoModification-eDRX (as it was done for LTE I-eDRX) would avoid impacting UEs not configured with I-eDRX when network sends notifications of a SI change.

NR BCCH modification period could take values from 640ms until 40.96s because, the default paging cycle could be set to 320ms, 640ms, 1.28s or 2.56s, and the modification coefficient to 2, 4, 6, or 16. Therefore if networks were to use the longer DRX cycles of 5.12s or 10.24s, there could be similar problem as explained for LTE. When a NR UE is configured with longer DRX cycles of 5.12s or 10.24s, the underline assumption is that that UE can tolerate the associated delays when being paged. Therefore it should also be ok when having to acquire SI before getting RRC_CONNECTED as it was done for LTE (i.e. if the configured DRX cycle is larger than the BCCH modification period).
Observation 3. If an NR UE is configured with longer DRX cycles of 5.12s or 10.24s, it should also be ok to follow the associated delay to acquire SI before getting RRC_CONNECTED (as it was done for LTE I-eDRX) when that configured DRX cycle is larger than the BCCH modification period.

Proposal 5. Discuss how to handle the SI notification when using longer DRX values considering at least the following approaches: 
Proposal 5.1. Approach (A) No change is done in the specification. Any potential problem is handled by network implementation (e.g. network may need to send SI notification across multiple BCCH modification periods before actually changing the SI, or the BCCH modification period is configured to be larger than the longer DRX cycles in used). 

Proposal 5.2. Approach (B) To follow LTE I-eDRX handling (i.e. for DRX cycle > BCCH modification period, SI change notification mechanism is modified to (1) define a new systemInfoModification-eDRX in paging, (2) upon reception of systemInfoModification-eDRX, a UE acquires the updated SI immediately from the start of next eDRX acquisition period, and (3) before establishing (or resuming) a connection, if more than one BCCH modification period has passed since the UE last verified validity of stored SI, the UE verifies that stored SI remains valid).
3 Conclusion

The observations captured are the following:
Observation 1.
There is no need identified to define different paging monitoring handling for UE's configured with 5.12s vs 10.24s. This is a different approach as it was done for LTE I-eDRX (as for I-eDRX of 5.12s, UE monitors PO(s) based on paging DRX proc., but for I-eDRX greater than 5.12s, UE monitors PO(s) based on paging DRX proc. only during a periodic PTW or, until a paging msg. is successfully received during the PTW).
Observation 2.
A new paging indication of systemInfoModification-eDRX (as it was done for LTE I-eDRX) would avoid impacting UEs not configured with I-eDRX when network sends notifications of a SI change.
Observation 3.
If an NR UE is configured with longer DRX cycles of 5.12s or 10.24s, it should also be ok to follow the associated delay to acquire SI before getting RRC_CONNECTED (as it was done for LTE I-eDRX) when that configured DRX cycle is larger than the BCCH modification period.

The proposals captured are the following:
Proposal 1.
The longer paging DRX cycles of 5.12s and 10.24s can be configured via RRC for UEs in RRC_INACTIVE or via upper layers for UEs in RRC_IDLE. If this feature (i.e. longer paging DRX cycles of 5.12s and 10.24s) is part of R16 PWS WI phase, SA2 and CT1 needs to enable the corresponding DRX signaling configuration for UEs in RRC_IDLE.
Proposal 2.
gNB broadcasts an indication when longer paging DRX cycles of 5.12s and 10.24s can be used by UEs in RRC_INACTIVE or RRC_IDLE. If this new indication is not present, the UE shall stop using the longer paging DRX cycles and behaves as legacy (i.e. UE uses the shortest of the configured DRX cycles and the default DRX cycle).
Proposal 3.
When a UE is configured with a UE specific DRX cycle value of 5.12s or 10.24s, T is set to the 512 or 1024 correspondingly (instead of using the shortest of the configured ones, i.e. UE specific DRX value and a default DRX value).
Proposal 4.
When a UE is configured with a UE specific DRX cycle value of 5.12s or 10.24s, UE monitors PO(s) based on paging DRX procedures specified in TS 38.304.
Proposal 5.
Discuss how to handle the SI notification when using longer DRX values considering at least the following approaches:
Proposal 5.1.
Approach (A) No change is done in the specification. Any potential problem is handled by network implementation (e.g. network may need to send SI notification across multiple BCCH modification periods before actually changing the SI, or the BCCH modification period is configured to be larger than the longer DRX cycles in used).
Proposal 5.2.
Approach (B) To follow LTE I-eDRX handling (i.e. for DRX cycle > BCCH modification period, SI change notification mechanism is modified to (1) define a new systemInfoModification-eDRX in paging, (2) upon reception of systemInfoModification-eDRX, a UE acquires the updated SI immediately from the start of next eDRX acquisition period, and (3) before establishing (or resuming) a connection, if more than one BCCH modification period has passed since the UE last verified validity of stored SI, the UE verifies that stored SI remains valid).


