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1. Introduction
As indicated in LS C1-200237/S2-1912763 [1], SA2 has provided two options to support the UE specific DRX for NB-IoT for both EPS and 5GS and ask RAN2/RAN3/CT1 to provide feedback on the feasibility and preference of both options.
This discussion paper attempts to analyze and evaluate two options provided in SA2 LS from NAS protocol perspective and then propose a way to reply SA2 LS.

2. Discussion
2.1 Options indicated in SA2 LS
SA2 has provided following two options in their LS which covers EPS. As also indicated in the SA2 LS that SA2 has agreed to introduce UE specific DRX for NB-IoT in both EPS and 5GS, so below two options will also apply for 5GS as well.
Table 1. Two options in SA2 LS
	Option 1
	Option 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 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 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 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 two options, SA2 has made an assumption (yellow text) on whether a common value for all RATs or separate specific values per RAT is used between the network and the UE for paging. Under different assumptions, different solutions with different NAS impacts (green text) and RAN impacts are provided.
As SA2 LS covers EPS, in section 2 we will firstly take EPS for discussion and then just to highlight anything different/special in 5GS.
2.2 Discussion on EPS
With the information provided in two options indicated in SA2 LS, we believe the required work involving NAS for supporting the UE specific DRX for NB-IoT covering following two topics:
(1) Common DRX value vs different DRX values for NB-IoT(NB) and WB-UTRA (WB).
(2) Negotiation of UE specific DRX value between the UE and CN over NAS.
[bookmark: OLE_LINK17]As the UE specific DRX value is final used by the eNB and UE for paging over the AS layers while the MME just stores the requested UE specific DRX value and then sends it to the eNB, we believe that topic (1) is not appropriate to be discussed in CT1 and better to be discussed/decided by other WGs (e.g. RAN2 or SA2) while CT1 just to align the required conclusion. 
Observation #1: Common DRX value vs different DRX values for NB and WB is not appropriate to be discussed in CT1 and better to be discussed/decided by other WGs (e.g. RAN2 or SA2).
Topic (2) should be discussed in CT1. Even as indicated in SA2 LS that based on different assumption on topic (1), it will impact the feasible solutions for topic (2). However, we believe CT1 can discuss topic (2) regardless of the conclusion of topic (1) and then provide the preferred information to SA2 to help them to make the final decision.
Observation #2: CT1 can discuss the UE specific DRX value negotiation over NAS without depending on the conclusion of common DRX value vs different DRX values for NB and WB.
For option 1, as understood by SA2 in the LS, there is no NAS impact for which we do share the same understanding. The current defined UE specific DRX value negotiation over NAS can work well for NB as currently it works as a RAT agnostic way.
Observation #3: Option 1 has no NAS impact as current defined UE specific DRX value negotiation over NAS can work well for NB.
For option 2, as understood by SA2 in the LS, it has EPS NAS impacts (green text) for which we fully agree. Moreover, we intend to say option 2 created essential NAS impacts as summarized in Table2:
Table 2. EPS NAS impact of option 2
	
	EPS NAS impacts

	UE
	· The UE needs to indicate a new separate UE specific DRX value for NB in a new NAS IE.
· The UE needs to decide how to send two separate DRX values to the MME:
(a) Always sends two separate DRX values together in a single NAS message regardless of the current camping RAT; or
(b) Only sends one DRX value for the current camping RAT.
· The UE needs to handle the negotiated value provided by the MME in the accept message as currently there is no negotiated value provided by the MME to the UE in EPS.

	MME
	· [bookmark: OLE_LINK25]The MME needs to handle a new separate UE specific DRX value for NB received in a new NAS IE, as a result, the MME needs to maintian two set of DRX values per RAT in parallel but at any time, only one value is used for paging.
· The MME needs to negotiate the accepted DRX value which currently is not supported in EPS.
· The MME needs to send the accepted DRX value in the accept message in a new NAS IE which currently is not supported in EPS.



Based on following facts in NAS:
(1) The UE supporting both WB and NB can only camp on either WB cell or NB cell at a time but cannot both at the same time;
(2) Whenvever the UE moves to/from NB from/to WB or vice-versa, TAU shall be triggered,
we believe there are other alternatives for EPS NAS part in option 2 which has less NAS impacts, as shown in Table 3.
Table 3. Other EPS NAS alternatives for option 2
	Option 2a for EPS NAS part
	Option 2b for EPS NAS part

	Option 2a, based on the assumption that UE specific DRX is RAT specific. With this approach, there is an alternative 2a for the EPS NAS proposal (to replace the green bullet text of option 2) as below:
· Single IE over NAS: The UE sends its requested DRX value for use for the current camping RAT only, i.e. when camps on a WB cell, it sends the DRX value used for WB while camps on an NB cell, it sends the DRX value used for NB.
· Single stored DRX value at the MME: The MME shall always replace the old DRX value and store the new received DRX value received from the UE. The current stored DRX value is used as RAT agnostic at the MME side, i.e. the same as current MME handling.
· Always sends the requested DRX value at inter-RAT change even the value is not changed: Whenever the UE moves to/from NB, TAU has to be triggered and hence the UE sends its requested DRX value for use in the target RAT in the TAU request if the UE decides to continue to use the requested DRX value in the target RAT even the DRX value is unchanged.
	Option 2b, based on the assumption that UE specific DRX is RAT specific. With this approach, there is an alternative 2b for the EPS NAS proposal (to replace the green bullet text of option 2) as below:
· Single IE over NAS: The UE sends its requested DRX value for use for the current camping RAT only, i.e. when camps on a WB cell, it sends the DRX value used for WB while camps on an NB cell, it sends the DRX value used for NB. (same as option 2a)
· Separate stored DRX value at the MME: The MME shall handle the received DRX value separately per RAT, i.e. when the MME received the DRX vale from the WB, it will replace, store and use the received DRX value for WB and the stored DRX value for NB (if any) are not impacted. When the MME received the DRX vale from the NB, it will replace, store and use the received DRX value for NB and the stored DRX value for WB (if any) are not impacted.
· No need to send the requested DRX value at inter-RAT change if the value is not changed: Whenever the UE moves to/from NB, TAU has to be triggered and hence the UE sends its new requested DRX value for use in the target RAT in the TAU request if the UE decides to continue to use the requested DRX value in the target RAT and the DRX value is changed. If the value is not changed, then the UE needs not to do so.



The evaluation of these EPS NAS alternatives for option 2 is provided in Table 4.


Table 4. Evaluation on EPS NAS alternatives for option 2
	
	UE impacts
	MME impacts
	Backward compatibility analysis
	Workable for two separate DRX values used at RAN?
	Summary

	Option 2 for EPS NAS part
	See Table 2
	See Table 2
	Legacy UE accessing new MME:
· Legacy UE will only send the DRX value for WB in existing IE but the new MME can provide the negotiated new value in the accept message which will be ignored by the UE. Then mismatch between the network and the UE on the used DRX value for WB.
new UE accessing legacy MME:
· New UE can send separate DRX values in two IEs but the legacy MME will only handle the value received in the existing IE, treat it as RAT agnostic and there is no acked value to the UE in accept message. Due to no acked value, the new UE will not use the new requested DRX value for paging. However, the legacy MME will always send the new DRX value to the eNB for paging. Then mismatch between the network and the UE on the used DRX value for WB
	Yes
It is up to RAN3 to discuss how to send the UE specific DRX value in S1 paging to the eNB, e.g. only send the one DRX value for the current RAT, or always send both values and up to eNB to use which value.
	· Essential NAS impact
· Fully non-backward compatible (NBC)
· Workable for two separate DRX values used at RAN

	Option 2a for EPS NAS part
	· Sends the requested DRX value based on the current RAT.
· Always sends the requested DRX value at inter-RAT change even the value is not changed.
	No impact
	Legacy UE accessing new MME:
· As no impact on the new MME and hence the new MME will handles it as RAT agnostic. no issue.
new UE accessing legacy MME:
· New UE can send the DRX values based on the current RAT while the legacy MME handles it as RAT agnostic. For UE camps in NB cell, the MME sends the stored value to the eNB and up to the eNB to use it for paging. If eNB supports DRX value for NB, then the value will be used for paging in NB at both the eNB and the UE sides otherwise, the value will not be used at both sides. Note that if the eNB does not support DRX value for NB, then the new UE will also not use it in NB as well.  Hence, the used value is always synchronized between the network and the UE, no issue.
	Yes
The UE guarantees the DRX value is used RAT dependent, the MME only stores and sends the DRX value for the current RAT.
	· Minor NAS impact
· Backward compatible (BC)
· Workable for two separate DRX values used at RAN

	Option 2b for EPS NAS part
	· Sends the requested DRX value based on the current RAT.
	· The MME handles the received DRX value separately per RAT while at any time only one value is used as at any time the UE can camp on either WB or NB but cannot both.
	Legacy UE accessing new MME:
· Legacy UE is allowed to send the DRX value for WB when accessing NB as this is not prevented so far. Then the new MME will wrongly store the received value for NB and then send it to the eNB. As the UE does no support DRX value for NB, the eNB will not use the received value for paging in NB and hence no issue in this case.
· Following above bullet, if the UE switches on in the NB cell, then move to WB cell and the UE does not want to change the DRX value for WB, then in the TAU request the UE will not include the DRX value for WB as it has already sent to the UE. As MME wrongly store the value for NB and hence in the paging for WB, the MME will not provide the DRX value to the eNB but the UE will use the DRX value. Then mismatch between the network and the UE on the used DRX value in this case.
new UE accessing legacy MME:
· New UE can send the DRX values based on the current RAT while the legacy MME handles it as RAT agnostic. As the UE does not mandate to send the requested DRX value at per inter-RAT change if the value is not changed and the legacy MME only stored one value with RAT agnostic, then mismatch between the network and the UE on the used DRX value may happen, e.g. the UE firstly switches on in WB and sends the DRX value for WB to the MME, then moves to NB and send the DRX value for NB to the MME and finally the UE moves back to WB. As the DRX value for WB has sent to the MME and is not changed, the UE will not include the DRX value in the TAU request. But the latest stored value at the MME is for NB.
	Yes
It is up to RAN3 to discuss how to send the UE specific DRX value in S1 paging to the eNB, e.g. only send the one DRX value for the current RAT, or always send both values and up to eNB to use which value.
	· Medium NAS impact
· Non-backward compatible (NBC)
· Workable for two separate DRX values used at RAN





Based on the evaluation given in Table 4, we have following observations:
Observation #4: Option 2 in SA2 LS created essential EPS NAS impacts and is a fully non-backward compatible (NBC) solution.
Observation #5: Option 2a for EPS NAS part has minor EPS NAS impacts and is a backward compatible (BC) solution. 
Observation #6: Option 2b for EPS NAS part has medium EPS NAS impacts and is an NBC solution. 
Observation #7: Three options (Option 2, Option 2a and Option 2b) for EPS NAS part can work well in case of two separate DRX values are used at RAN per RAT. 
Based on above observations given in this section, we would propose:
Proposal #1: For UE specific DRX for NB in EPS, it proposes to adopt Option 2a for EPS NAS part and indicate this as CT1 preference in reply LS to SA2.
Note that option 2 in SA2 LS introduced the UE specific DRX value negotiation which currently is not supported in EPS for WB. As this feature without negotiation was used in EPS for very long time since Rel-8, we did not see any problems and no complain on it. Hence, we did not see any reason and any benefit to change it just due to now RAN want to also support UE specific DRX value for NB. We also did not see any requirements and technical reasons why the negotiation is needed for UE specific DRX value for NB. We believe any side-effect impacts without clear benefit on existing commercial EPS network should be avoided, if it is just for NB-IoT optimization.
Proposal #2: It proposes to indicate in reply LS to SA2 that Option 2 for EPS NAS part cannot go ahead.
2.3 Discussion on 5GS
About UE specific DRX for WB, it has made a main difference in 5GS comparing to EPS: The UE specific DRX value is negotiated between the UE and the AMF, e.g. based on below text in TS 24.501:
"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."

So 5GS has done the enhancement on UE specific DRX negotiation and the handling on UE speicific DRX was already not consistent between the EPS and 5GS. With this current situation, then when considering support of UE specific DRX for NB, it is not necessary to provide a consistent handling between EPS and 5GS. What should be done is to provide a consistent handling between WB and NB within 5GS.
Observation #8: As the current handling on UE specific DRX for WB was already not consistent between EPS and 5GS, it is not necessary to keep a consistent handling on UE specific DRX for NB between EPS and 5GS.

With above main difference in 5GS, the alternatives for 5GS NAS part in option 2 which has less NAS impacts are shown in Table 5.
Table 5. Other NAS alternatives for option 2 (5GS)
	Option 2a for 5GS NAS part
	Option 2b for 5GS NAS part

	Option 2a, based on the assumption that UE specific DRX is RAT specific. With this approach, there is an alternative 2a for the 5GS NAS proposal (to replace the green bullet text of option 2) as below:
· Single IE over NAS: The UE sends its requested DRX value for use for the current camping RAT only, i.e. when camps on a WB cell, it sends the DRX value used for WB while camps on an NB cell, it sends the DRX value used for NB.
· Single stored DRX value at the AMF: The AMF shall negotiate a DRX value, replace the old DRX value, store and send the negotiated value to the UE in the accept message. The current stored DRX value is used as RAT agnostic at the AMF side, i.e. the same as current AMF handling.
· Always sends the requested DRX value at inter-RAT change even the value is not changed: Whenever the UE moves to/from NB, TAU has to be triggered and hence the UE sends its requested DRX value in the TAU request for negotiation if the UE decides to continue to use the requested DRX value in the target RAT even the DRX value is unchanged.
	Option 2b, based on the assumption that UE specific DRX is RAT specific. With this approach, there is an alternative 2b for the 5GS NAS proposal (to replace the green bullet text of option 2) as below:
· Single IE over NAS: The UE sends its requested DRX value for use for the current camping RAT only, i.e. when camps on a WB cell, it sends the DRX value used for WB while camps on an NB cell, it sends the DRX value used for NB. (same as option 2a)
· Separate stored DRX value at the AMF: The AMF shall handle the received DRX value separately per RAT, i.e. when the AMF received the DRX vale from the WB, it will negotiate a DRX value for WB and then replace, store and use the negotiated value for WB and the stored DRX value for NB (if any) are not impacted. When the AMF received the DRX vale from the NB, it will negotiate a DRX value for WB and then replace, store and use the negotiated value for NB and the stored DRX value for WB (if any) are not impacted.
· No need to send the requested DRX value at inter-RAT change if the value is not changed: Whenever the UE moves to/from NB, TAU has to be triggered and hence the UE sends its new requested DRX value in the TAU request for negotiation if the UE decides to continue to use the requested DRX value in the target RAT and the DRX value is changed. If the value is not changed, then the UE needs not to do so.



The evaluation of these 5GS NAS alternatives for option 2 is provided in Table 6.



Table 6. Evaluation on 5GS NAS alternatives for option 2
	
	UE impacts
	AMF impacts
	Backward compatibility analysis
	Workable for two separate DRX values used at RAN?
	Summary

	Option 2 for 5GS NAS part
	· The UE needs to indicate a new separate UE specific DRX value for NB in a new NAS IE.
· The UE needs to decide how to send two separate DRX values to the AMF:
(a) Always sends two separate DRX values together in a single NAS message regardless of the current camping RAT; or
(b) Only sends one DRX value for the current camping RAT.
	· The AMF needs to handle a new separate UE specific DRX value for NB received in a new NAS IE, as a result, the AMF needs to maintian two set of DRX values per RAT in parallel but at any time, only one value is used for paging.
	Legacy UE accessing new AMF:
· Legacy UE will not be in NB-N1 mode and it will only send the DRX value for WB in existing IE and finally only the DRX value for WB will be used for paging. There is no negotiated DRX value for NB available to be used. No issue.
new UE accessing legacy AMF:
· As the legacy AMF does not support NB, the UE will not in NB-N1 mode and hence finally only the DRX value for WB will be used for paging. There is no negotiated DRX value for NB available to be used. No issue.
	Yes
It is up to RAN3 to discuss how to send the negotiated UE specific DRX value in N2 paging to the eNB, e.g. only send the one DRX value for the current RAT, or always send both values and up to eNB to use which value.
	· Major NAS impact
· Backward compatible (BC)
· Workable for two separate DRX values used at RAN

	Option 2a for 5GS NAS part
	· Sends the requested DRX value based on the current RAT.
· Always sends the requested DRX value at inter-RAT change even the value is not changed.
	No impact
	Legacy UE accessing new AMF:
· As no impact on the AMF and hence no issue.
new UE accessing legacy AMF:
· As the legacy AMF does not support NB, the UE will not in NB-N1 mode and hence finally only the DRX value for WB will be used for paging. There is no negotiated DRX value for NB available to be used. Hence, no issue.
	Yes
The UE guarantees the DRX value is used RAT dependent, the AMF only stores and sends the negotiated DRX value for the current RAT.
	· Minor NAS impact
· Backward compatible (BC)
· Workable for two separate DRX values used at RAN

	Option 2b for 5GS NAS part
	· Sends the requested DRX value based on the current RAT.
	· The AMF handles the DRX value separately per RAT while at any time only one value is used as at any time the UE can camp on either WB or NB but cannot both.
	Legacy UE accessing new AMF:
· Legacy UE will not be in NB-N1 mode and it will only send the DRX value for WB in existing IE and finally only the DRX value for WB will be used for paging. There is no negotiated DRX value for NB available to be used. No issue.
new UE accessing legacy AMF:
· As the legacy AMF does not support NB, the UE will not in NB-N1 mode and hence finally only the DRX value for WB will be used for paging. There is no negotiated DRX value for NB available to be used. No issue.
	Yes
It is up to RAN3 to discuss how to send the negotiated UE specific DRX value in S1 paging to the eNB, e.g. only send the one DRX value for the current RAT, or always send both values and up to eNB to use which value.
	· Medium NAS impact
· Backward compatible (BC)
· Workable for two separate DRX values used at RAN







Based on the evaluation given in Table 6, we have following observations:
Observation #9: Option 2 in SA2 LS created major 5GS NAS impacts, Option 2a for 5GS NAS part has minor NAS impacts while Option 2b for 5GS NAS part has medium NAS impacts.
Observation #10: Three options (Option 2, Option 2a and Option 2b) for 5GS NAS part are BC solutions and can work well in case of two separate DRX values are used at RAN per RAT. 
Based on above observations given in this section, we would propose:
Proposal #3: For UE specific DRX for NB in 5GS, it proposes to adopt Option 2a for 5GS NAS part and indicate this as CT1 preference in reply LS to SA2.

4. Conclusion
This discussion paper has analyzed and evaluated two options provided in SA2 LS from NAS protocol perspective.
Based on the discussion and evaluation, following observations were provided:
Common observations for both EPS and 5GS:
Observation #1: Common DRX value vs different DRX values for NB and WB is not appropriate to be discussed in CT1 and better to be discussed/decided by other WGs (e.g. RAN2 or SA2).
Observation #2: CT1 can discuss the UE specific DRX value negotiation over NAS without depending on the conclusion of common DRX value vs different DRX values for NB and WB.
Observation #3: Option 1 has no NAS impact as current defined UE specific DRX value negotiation over NAS can work well for NB.
Observations for EPS:
Observation #4: Option 2 in SA2 LS created essential EPS NAS impacts and is a fully non-backward compatible (NBC) solution.
Observation #5: Option 2a for EPS NAS part has minor EPS NAS impacts and is a backward compatible (BC) solution.
Observation #6: Option 2b for EPS NAS part has medium EPS NAS impacts and is an NBC solution. 
Observation #7: Three options (Option 2, Option 2a and Option 2b) for EPS NAS part can work well in case of two separate DRX values are used at RAN per RAT.
Observations for 5GS:
Observation #9: Option 2 in SA2 LS created major 5GS NAS impacts, Option 2a for 5GS NAS part has minor NAS impacts while Option 2b for 5GS NAS part has medium NAS impacts.
Observation #10: Three options (Option 2, Option 2a and Option 2b) for 5GS NAS part are BC solutions and can work well in case of two separate DRX values are used at RAN per RAT. 
Based on the observations, following proposals were provided:
Proposal for EPS:
Proposal #1: For UE specific DRX for NB in EPS, it proposes to adopt Option 2a for EPS NAS part and indicate this as CT1 preference in reply LS to SA2.
Proposal #2: It proposes to indicate in reply LS to SA2 that Option 2 for EPS NAS part cannot go ahead.
Proposal for 5GS:
Proposal #3: For UE specific DRX for NB in 5GS, it proposes to adopt Option 2a for 5GS NAS part and indicate this as CT1 preference in reply LS to SA2.
[bookmark: _GoBack]It proposes to cover these proposals in the replied LS C1-200499 to SA2.
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