3GPP TSG CT WG1 Meeting #121						C1-198228
Reno (NV), USA, 11-15 November 2019

Source:	Huawei, HiSilicon
Title:	Discussion on support of UE specific DRX for NB-IoT
Agenda item:	16.2.8
Document for:	Discussion and Decision

1. Introduction
As indicated in LS C1-196100/RP-192338 [1], TSG RAN has agreed to study how to support UE specific DRX for NB-IoT in the WID on Rel-16 enhancements for NB-IoT:
"TSG RAN agreed to add the following objective the WID on Rel-16 enhancements for NB-IoT [1][2]
•	Specify support of UE specific DRX and consider expanding the current DRX range [RAN2, SA2, CT1]
TSG RAN would like to emphasize the above is expected whether NB-IoT is used in EPS or in 5GS.
TSG RAN would like to kindly ask SA2 and CT1 to consider aligning their specifications accordingly and to coordinate with RAN2 as necessary. "
[bookmark: OLE_LINK7]The UE specific DRX for NB-IoT in EPS and 5GS were discussed in the last SA2#135 meeting, and a 23.501 CR#1849 rev#1 S2-1910312 [2] on introduction of UE specific DRX for NB-IoT in 5GS was approved. So far there is no stage 2 conclusion on UE specific DRX for NB-IoT in EPS.
This discussion paper attempts to discuss and analyze the required CT1 work over NAS protocol to support of UE specific DRX for NB-IoT in both EPS and 5GS and propose a way forward.

2. Discussion on 5GS
2.1 Current situation on UE specific DRX in NAS
UE specific DRX is not a new feature for 5GS which was already extensively used since 2G/3G and in EPS.
In TS 24.501, below text provided in the procedural section for both initial registration procedure and mobility update registration procedure.
At the UE side:
"If the UE needs to use the UE specific DRX parameters, the UE shall include the Requested DRX parameters IE in the REGISTRATION REQUEST message.
NOTE 3:	The UE specific DRX parameter is not used by the E-UTRA cell connected to 5GCN for paging from NB-IoT cells (see 3GPP TS 23.501 [8] and 3GPP TS 36.304 [44])."
At the network side:
"If the Requested DRX parameters IE was included in the REGISTRATION REQUEST message, the AMF shall include the Negotiated DRX parameters IE in the REGISTRATION ACCEPT message. The AMF may set the Negotiated DRX parameters IE based on the received Requested DRX parameters IE and operator policy if available."
In TS 24.501, the related IE conditions for UE specific DRX parameters included in the NAS messages are specified as below:
At the UE side:
"8.2.6.15	Requested DRX parameters
If the UE wants to use or change the UE specific DRX parameters, the UE shall include the Requested DRX parameters IE in the REGISTRATION REQUEST message."
At the network side:
"8.2.7.25	Negotiated DRX parameters
The network shall include this IE if the Requested DRX parameters IE was included in the REGISTRATION REQUEST message."
For above yellow text, nothing mentioned on any RATs the UE current camping on. Hence, we could observe:
Observation #1: The UE specific DRX parameters is negotiated between the UE and the network regardless of UE’s current caming RAT.
Based on above agree text given in the NOTE, it said that the UE specific DRX parameters are not used for paging in NB-IoT cells. As the UE specific DRX parameters are final used by the NG-RAN and UE for paging and this was provided via an informative NOTE in TS 24.501, it is more reasonable to deduce that the AMF does not involve the final decision of using the UE specific DRX parameters for paging. If the AMF needs to do such final decision over NAS, then this cannot be captured as an informative NOTE but should clearly document as a normative text in TS 24.501, e.g. in sub 5.6.2.2 for paging procedure.
Furthermore, based above yellow text, the AMF shall always determine the negotiated UE specific DRX parameters for a UE whenever the requested DRX parameters was received from the UE. There is no way for the AMF to reject the registration request due to UE specific DRX parameters. Actually what the AMF needs to handle include:
· To determine the negotiated UE specific DRX values for the UE (may be different from the requested values from the UE);
· To store the values in UE’s MM contexts for further use, e.g. send to the NG-RAN node for paging, or send to the target CN node for inter CN node mobility; and 
· To send the negotiated UE specific DRX values to the UE for store and use.
The AMF needs not to make any decision that under which specific situation/condition, the negotiated UE specific DRX values can or cannot be used. This provides a simpler and consistent AMF implementation. Note that this is the same as MME handling for UE specific DRX parameters in EPS (see section 3). Hence, we could have:
Observation #2: The AMF handles the UE specific DRX parameters as legacy regardless of UE’s current caming RAT.
Even in NB-IoT cells, the UE specific DRX parameters can still be negotiated as legacy but just not used by the NG-RAN and the UE. Note that the UE can move from/to an NB-IoT cell to/from a non-NB-IoT cell without re-negotiating the UE specific DRX parameters. Currently there is no NAS trigger to do such re-negotiation at mobility from/to an NB-IoT cell.
Observation #3: The UE specific DRX parameters can still be negotiated as legacy when the UE camping on an NB-IoT cell but just not used by the NG-RAN and the UE.
Note that Observation #1, #2 and #3 are actually aligned with what currently documented in stage 2 TS 23.501 sub 5.4.5 (copied):
"If the UE wants to use UE specific DRX parameters, the UE shall include its preferred values consistently in every Initial Registration and Mobility Registration procedure. The UE proposed DRX cycle length is for use when not camped on an NB-IoT cell. During Initial Registration and Mobility Registration procedures performed on NB-IoT cells, the normal 5GS procedures apply, e.g. the UE can (but need not) provide a UE Specific DRX parameter that applies on WB-E-UTRA cells.
The AMF shall determine Accepted DRX parameters based on the received UE specific DRX parameters and the AMF should accept the UE requested values, but subject to operator policy the AMF may change the UE requested values."
With all observations above, we could have
Observation #4: The current NAS protocol has already supported the UE specific DRX parameters for NB-IoT.

2.2 Drawbacks of SA2 agreements on UE specific DRX for NB-IoT in 5GS
In the last SA2#135 meeting, a 23.501 CR#1849 rev#1 S2-1910312 [2] on introduction of UE specific DRX for NB-IoT in 5GS was approved. The main principle of the agreed proposal is to support the negotiation for two separate and decouple UE specific DRX parameters for NB-IoT and non-NB-IoT respectively.
However, from stage 3 perspective, we identified following drawbacks for implementing this SA2 agreed approach in CT1:
Drawback #1: NAS protocol has to be updated to some extent.
One negotiation of UE specific DRX parameters which is RAT agnostic needs to be extended to two separate and decouple negotiations of UE specific DRX parameters per RAT. Based on Observation 4, this is not needed.
Drawback #2: There is no requirement from RAN to provide separate UE specific DRX parameters for NB-IoT and non-NB-IoT.
As said in section 2.1, the UE specific DRX parameters are finally used by the RAN and the UE for paging. In the long past for the legacy systems in 2G/3G/4G, the UE specific DRX parameters provided over NAS is RAT agnostic. In RAN LS [1], it does not indicate any requirement to introduce a new UE specific DRX parameters for NB-IoT. Also, RAN did not indicate that the UE specific DRX parameters used for NB-IoT is different from ones used for non-NB-IoT.
Drawback #3: Waste unnecessary NAS signalling load and storage resources: Two set of UE specific DRX parameters need to be negotiated over NAS but the UE will only use one of them as the UE currently can only camp on one cell, either non-NB cell or NB cell but cannot camp on both.
Drawback #4: Cannot resolve the backwards compatibility issues discussed in SA2.
Again, the UE specific DRX parameters are finally used by the RAN and UE for paging. Hence, the capability of support the UE specific DRX for NB-IoT needs to be negotiated between the RAN and the UE over RRC layer. Otherwise, following backwards compatibility issues may happen.
Case 1: legacy UE AS without support of UE specific DRX for NB-IoT, and Rel-16 eNB with support of UE specific DRX for NB-IoT.
The legacy UE camps on an NB-IoT cell and the UE specific DRX parameters was negotiated between the UE the AMF. This negotiated UE specific DRX values is RAT agnostic.
The AMF provides the negotiated UE specific DRX values to the eNB for paging.
The Rel-16 eNB will use the negotiated UE specific DRX values for paging UE in the current NB-IoT cell.
The UE AS will use cell specific DRX value in the SIB to monitor the paging as the UE specific DRX value cannot be used in NB-IoT cell.
Problem #1: The UE may not be paged as the eNB use the UE specific DRX values for paging but the UE uses cell specific DRX value to monitor the paging.

Case 2: Rel-16 UE AS with support of UE specific DRX for NB-IoT, and legacy eNB without support of UE specific DRX for NB-IoT.
The UE camps on a NB-IoT cell and two set of UE specific DRX parameters were negotiated between the UE the AMF: one for NB-IoT and one for non-NB-IoT.
The AMF provides two set of negotiated UE specific DRX values to the eNB for paging.
The legacy eNB will use cell specific DRX value for paging UE in the current NB-IoT cell.
The UE AS will use the negotiated UE specific DRX values for NB-IoT to monitor the paging.
Problem #2: The UE may not be paged as the eNB use the cell specific DRX value for paging but the UE uses the negotiated UE specific DRX values for NB-IoT to monitor the paging.

2.3 Backwards compatibility issues consideration in stage 3
As observed in section 2.1, both the legacy UE and the legacy AMF do support the UE specific DRX for NB-IoT at the NAS layer as currently it is RAT agnostic. Hence, there is no backwards compatibility issues over NAS layer.
Observation #5: There is no backwards compatibility issues over NAS to support the UE specific DRX parameters for NB-IoT.
The backwards compatibility issues over AS needs to be discussed in SA2 and RAN2, which is out of scope of CT1.

3. Discussion on EPS
When comparing the UE specific DRX handling between EPS and 5GS, the main difference is: there is no negotiation of UE specific DRX parameters between the UE and the network in EPS. As per specified text in TS 24.301 during the attach and TAU procedure, the MME shall always accept and replace the stored ones with the received ones from the UE. Then the MME shall always use the stored ones for MT paging and inter CN node mobility regardless of camping RAT.
"If the UE specific DRX parameter was included in the DRX Parameter IE in the ATTACH REQUEST message, the MME shall replace any stored UE specific DRX parameter with the received parameter and use it for the downlink transfer of signalling and user data."
Without negotiation, then from the UE perspective, its requested UE specific DRX values is always accepted and used by the MME. This is the same as in 5GS that the AMF always sends back the same values as requested by the UE during the negotiation.
Except above difference over NAS, other things are actually the same for both EPS and 5GS for UE specific DRX handling. Hence, all observations in section 2 are applied in EPS as well
Observation #6: Except of NAS negotiation, EPS and 5GS provide the same handling on the UE specific DRX parameters. Hence, all observations in 5GS are applied in EPS as well

4. Proposals
Based on the discussion in section 2 for 5GS and section 3 for EPS, there is no much CT1 work to be done for this topic. The only thing needs to be done in CT1 is to remove the restrictions mounted by related informative NOTEs in TS 24.301 and TS 24.501.
Proposal: It proposes CT1 to remove the restrictions on use of UE specific DRX for NB-IoT mounted by related informative NOTEs in TS 24.301 and TS 24.501.

5. Conclusion
This discussion paper has discussed and analyzed the required CT1 work over NAS protocol to support of UE specific DRX for NB-IoT in both EPS and 5GS.
Based on the discussion and analysis, following observations were provided:
Observation #1: The UE specific DRX parameters is negotiated between the UE and the network regardless of UE’s current caming RAT.
Observation #2: The AMF handles the UE specific DRX parameters as legacy regardless of UE’s current caming RAT.
Observation #3: The UE specific DRX parameters can still be negotiated as legacy when the UE camping on an NB-IoT cell but just not used by the NG-RAN and the UE.
Observation #4: The current NAS protocol has already supported the UE specific DRX parameters for NB-IoT.
Observation #5: There is no backwards compatibility issues over NAS to support the UE specific DRX parameters for NB-IoT.
Observation #6: Except of NAS negotiation, EPS and 5GS provide the same handling on the UE specific DRX parameters. Hence, all observations in 5GS are applied in EPS as well
Based on the discussion and analysis, following proposal was provided:
Proposal: It proposes CT1 to remove the restrictions on use of UE specific DRX for NB-IoT mounted by related informative NOTEs in TS 24.301 and TS 24.501.
[bookmark: _GoBack]Proposals are captured in CR C1-198229 for TS 24.501 and C1-198230 for 24.301.
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