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1. Introduction
In RAN#85 meeting, TSG RAN agreed to add the following objective the WID on Rel-16 enhancements for NB-IoT [1]:
Improved latency:
· Specify support of UE specific DRX and consider expanding the current DRX range [RAN2, SA2, CT1]
In SA2#136 meeting, SA2 discussed the related system impacts and agreed to introduce UE specific DRX for NB-IoT in both EPS and 5GS, a reply LS [2] was sent by SA2 with two potential options, it is needed for RAN3 to provide feedback on the feasibility and preference of the two options.
In this contribution, we analyses the RAN3 impacts to support UE specific DRX, and provide draft reply to SA2.
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3.1 Current design of existing S1AP Specification
In current S1AP specification：
· Default Paging DRX IE and NB-IoT Default Paging DRX IE are included in S1 SETUP REQUEST and ENB CONFIGURATION UPDATE messages;
· Paging DRX IE is included in PAGING message, note that it is the existing UE specific DRX;
· Default Paging DRX IE refers to Paging DRX IE which is designed as ENUMERATED (32, 64, 128, 256, …);
· NB-IoT Default Paging DRX IE is defined as ENUMERATED (128, 256, 512, 1024, …);
In Current NGAP specification：
· Default Paging DRX IE is included in NG SETUP REQUEST and RAN CONFIGURATION UPDATE messages;
· Paging DRX IE is included in PAGING message, note that it is the existing UE specific DRX;
· Default Paging DRX IE refers to Paging DRX IE which is designed as ENUMERATED (32, 64, 128, 256, …);
· NB-IoT Default Paging DRX IE will be introduced by NGAP BL CR#0120 [3] as ENUMERATED (128, 256, 512, 1024, …);
As the new bullet in the WID [1] is to optimize latency, there is no strong motivation to support value 512 and 1024 for NB-IoT UE specific DRX, in case the existing values (32, 64, 128, 256) can satisfy the requirements, from RAN3 point of view, it is straight forward to reuse the existing Paging DRX IE.
Conclusion 1: If the values (32, 64, 128, 256) can satisfy the requirements, it is straight forward to reuse the existing Paging DRX IE in the PAGING message to support NB-IoT UE specific DRX.
In case the values (32, 64, 128, 256) cannot satisfy the requirements, there are two possible ways to support NB-IoT UE specific DRX in S1AP and NGAP:
Alternative 1: extend the values of the existing Paging DRX IE in PAGING message
Alternative 2: introduce a new NB-IoT Paging DRX IE in PAGING message
Considering that the existing Paging DRX IE is also used in the interface management procedures as per node/cell paging DRX, in such scenario it is better to choose alternative 2 to introduce a new NB-IoT specific IE instead of extending the existing one.
Conclusion 2：If the values (32, 64, 128, 256) cannot satisfy the requirements, it is better to introduce a new NB-IoT Paging DRX IE in PAGING message to support NB-IoT UE specific DRX.
3.2 RAN3 impacts of SA2 Option1
In the Option 1 from SA2 LS [2]: 
	Option 1, based on the assumption that the UE specific DRX is common for all RAT types, i.e., the UE specific DRX value and value range are the same for WB-E-UTRA and NB-IoT. With this approach, in SA2’s understanding, there is no NAS impact, but the RAN related enhancement is needed as below:
· The UE requests UE specific DRX parameters during Attach/TAU procedure for both WB-EUTRA and NB-IoT. 
· The UE provides the UE Radio Paging Information to the eNB with a new indication to indicate whether the UE supports the UE specific DRX for NB-IoT or not. 
· Using the existing behavior the eNB uploads the UE Radio Capability for Paging Information with the new indication to the MME. The MME stores the received UE specific DRX parameter and UE Radio Capability for Paging Information in the MME context. When it needs to page, the MME provides the UE specific DRX parameter and UE Radio Capability for Paging Information to the eNB as part of the S1 paging message.
· The eNB determines whether the UE specific DRX parameter shall be used based on the indication within the UE Radio Capability for Paging Information. The eNB also broadcasts the supporting of UE specific DRX for NB-IoT in the SIB message.
· The UE determines whether the UE specific DRX parameter shall be used is based on the indication within the SIB message.


Based on these descriptions, the procedure of Option1 could be illustrated as below:
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Figure 1, UE specific DRX (Option 1)
As shown in Figure 1, the red parts are the changes to the system, besides the potential new value set of UE specific Paging DRX, based on the SA2 description, there seems no further RAN3 impact.
As UE specific DRX was not supported in legacy EPS system, backward compatible issue was raised by some companies in RAN2 email discussion [4], e.g. legacy MME which does not support UE specific DRX for NB-IoT, as the UE will use the shortest value of the cell specific DRX and UE specific DRX, if the MME does not provide the UE specific DRX to the eNB, then the UE will listen to some POs unnecessarily. 
Considering the small number of MMEs, this is acceptable because there is no missed paging and the issue will gone once the MME is updated.
Conclusion 3: SA2 Option 1 is feasible and is supported by RAN3 procedures.
3.3 RAN3 impacts of SA2 Option2
In the Option 2 from SA2 LS [2]: 
	Option 2, based on the assumption that UE specific DRX is RAT specific. With this approach, in SA2’s understanding, there is impact on EPS NAS and RAN as below:
· UE can propose a DRX cycle length for use separately for WB-EUTRA and NB-IoT in different IEs. 
· The MME shall determine Accepted DRX parameters based on the received UE Specific DRX parameters and the MME should accept the UE requested values, but subject to operator policy the MME may change the UE requested values. 
· The MME shall respond to the UE with the Accepted DRX parameters separately for WB-EUTRA and NB-IoT.
· The UE determines whether the UE specific DRX parameter shall be used is based the negotiation and awareness of whether the camping cell supports UE specific DRX.


In legacy EPS, if the MME provides (although not assumed to happen) the UE specific DRX to the eNB for an NB-IoT UE, the eNB will ignore it and only use cell specific DRX to page the UE. In option 1, as shown in Figure 1, via step 3, 4, 5, and 6, upon receiving the UE specific DRX, the eNB will check the UE Radio Capability for Paging to know whether the UE supports or not, and determine whether UE specific or Cell specific DRX should be used. Therefore, the option2 described in SA2 LS is incomplete, and if we assume same mechanism is used in option2, the solution could be illustrate as below (assume step 3,4,5,and 6 are the same as option1):
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Figure 2, UE specific DRX (Option 2)
In option 2, the UE specific DRX is RAT specific, considering that the UE’s TAI list can only include cells for one RAT, i.e. all cells are NB-IoT, or all cells are WB-EUTRA, it is only necessary for the CN to provide one RAT specific DRX to RAN according to the RAT on which the UE is camping at the moment.
As the NAS coordination part are transparent to RAN, and besides the potential new value set of UE specific Paging DRX, there seems also no further RAN3 impact.
For the legacy MME scenario, as there is a NAS negotiation procedure introduced, the UE will able to know whether the MME supports the feature or not, but according to RAN2 email discussion [4], some companies said that in case of MME change, if the target MME is a legacy one, then the same potential non-backward compatible issue occurs, but it is acceptable as analysed in option1. Note that in option2, there is one potential solution for this issue that the UE could always trigger the UE specific DRX negotiation during TAU.
Conclusion 4: SA2 Option 2 is also feasible and is supported by RAN3 procedures.
Although both options are feasible and easily supported by RAN3 specification, considering that option 2 will introduce UE specific DRX negotiation mechanism in EPS, option1 is slightly preferred.
Conclusion 5: In order to reduce the impact to legacy MMEs, option1 is slightly preferred.
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Based on the discussion in this paper, the following conclusions are found:
Conclusion 1: If the values (32, 64, 128, 256) can satisfy the requirements, it is straight forward to reuse the existing Paging DRX IE in the PAGING message to support NB-IoT UE specific DRX.
Conclusion 2: If the values (32, 64, 128, 256) cannot satisfy the requirements, it is better to introduce a new NB-IoT Paging DRX IE in PAGING message to support NB-IoT UE specific DRX.
Conclusion 3: SA2 Option 1 is feasible and is supported by RAN3 procedures.
Conclusion 4: SA2 Option 2 is also feasible and is supported by RAN3 procedures.
Conclusion 5: In order to reduce the impact to legacy MMEs, option1 is slightly preferred.
[bookmark: _Toc423020280]Based on the conclusions above, it is proposed to send reply LS [5] to SA2 with the following statements:
	From RAN3 point of view, both options are feasible. Note that it is assumed that the UE support of UE specific DRX in UE Radio Capability for Paging mechanism also applies to Option2.
[bookmark: _GoBack]For the UE specific DRX values, if the values (32, 64, 128, 256) can satisfy the requirements, RAN3 prefer to reuse the existing Paging DRX IE in the PAGING message to support NB-IoT UE specific DRX, if not, RAN3 prefer to introduce a new NB-IoT Paging DRX IE in PAGING message.
In order to reduce the impact to legacy MMEs, option1 is slightly preferred.
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5. Annex
SA2 LS [2] content:
	1. Overall Description:
SA2 thanks TSG RAN for the LS “LS on Rel-16 NB-IoT enhancements”.  
SA2 has discussed the related system impacts and agreed to introduce UE specific DRX for NB-IoT in both EPS and 5GS.
Two options were discussed.
Option 1, based on the assumption that the UE specific DRX is common for all RAT types, i.e., the UE specific DRX value and value range are the same for WB-E-UTRA and NB-IoT. With this approach, in SA2’s understanding, there is no NAS impact, but the RAN related enhancement is needed as below:
· The UE requests UE specific DRX parameters during Attach/TAU procedure for both WB-EUTRA and NB-IoT. 
· The UE provides the UE Radio Paging Information to the eNB with a new indication to indicate whether the UE supports the UE specific DRX for NB-IoT or not. 
· Using the existing behavior the eNB uploads the UE Radio Capability for Paging Information with the new indication to the MME. The MME stores the received UE specific DRX parameter and UE Radio Capability for Paging Information in the MME context. When it needs to page, the MME provides the UE specific DRX parameter and UE Radio Capability for Paging Information to the eNB as part of the S1 paging message.
· The eNB determines whether the UE specific DRX parameter shall be used based on the indication within the UE Radio Capability for Paging Information. The eNB also broadcasts the supporting of UE specific DRX for NB-IoT in the SIB message.
· The UE determines whether the UE specific DRX parameter shall be used is based on the indication within the SIB message.
Option 2, based on the assumption that UE specific DRX is RAT specific. With this approach, in SA2’s understanding, there is impact on EPS NAS and RAN as below:
· UE can propose a DRX cycle length for use separately for WB-EUTRA and NB-IoT in different IEs. 
· The MME shall determine Accepted DRX parameters based on the received UE Specific DRX parameters and the MME should accept the UE requested values, but subject to operator policy the MME may change the UE requested values. 
· The MME shall respond to the UE with the Accepted DRX parameters separately for WB-EUTRA and NB-IoT.
· The UE determines whether the UE specific DRX parameter shall be used is based the negotiation and awareness of whether the camping cell supports UE specific DRX.
2. Actions:
To TSG RAN, RAN WG2, RAN WG3, TSG CT, CT WG1
ACTION: 	SA2 kindly asks RAN WG2, RAN WG3, CT WG1 (or TSG RAN and TSG CT) to provide feedback on the feasibility and preference of both options.



3GPP
image1.png
UE

RAN node CN
1. Broadcasts the supporting of UE
specific DRX for NB-IoT in the SIB
2. NAS: UE requests UE specific DRX parameters |——————»

3. RRC: “support of UE specific DRX”
in UE Radio Paging Information gl

4. S1AP/NGAP: UE (RADIO)
CAPABILITY INFO INDICATION >

(incl. UE Radio Paging Information)
5. Store the
information

6. SIAP/NGAP: PAGING
|« (incl. UE specific DRX, UE Radio
Capability for Paging Information)

8. Monitor

Paging
(Determine whether
use UE specific DI

7. Page the UE
(Determine whether to use

UE specific DRX)





image2.png
UE RAN node CN

SIB

1. Broadcasts the supporting of

UE specific DRX for NB-|oT in the

2-1. NAS: UE requests RAT specific UE specific DRX parameters

& 2-2. NAS: accepted RAT specific DRX parameters

g g S

3. RRC: “support of UE specific DRX”
in UE Radio Paging Information

8. Monitor
Paging
(Determine whether
use UE specific DR

7. Page
(Determine whether to use
UE specific DRX)

4. S1AP/NGAP: UE (RADIO)
CAPABILITY INFO INDICATION >
(incl. UE Radio Paging Information)

Sto
for

6. SIAP/NGAP: PAGING
|« (incl. UE specific DRX, UE Radio
Capability for Paging Information)

the UE





