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1 Introduction

The WID of Rel-16 Additional MTC enhancements for LTE was revised in RAN#82 [1]. In which, the following objective is included:

	Connection to 5GC:

· Specify support for the following features [RAN2, RAN3]

· Support of extended DRX in CM-IDLE

· Support of extended DRX in CM-CONNECTED with RRC_INACTIVE (support of sleep cycles up to the NAS and SMS retransmission timers)

· Support of EDT for Data over NAS and UP solution (see Note)

· Support of restriction of use of Enhanced Coverage

· Delivery of Expected UE Behaviour information to the RAN

· Additional information in SIB to indicate supported CIoT features; indication of CIoT features supported by the UE in RRC

Note: Based on the outcome of RAN2/SA2 liaison exchanges, UP solution to be supported for connection to 5G-CN may be later updated.


In this contribution, we will try to identify whether these issues will have impacts on RAN2 eMTC specifications and provide our initial considerations and proposals.

2 Discussion

2.1 Issues for support of extended DRX in CM-IDLE
For eMTC UE connected to EPC, extended DRX in ECM-IDLE only impacts the UE paging reception from RAN2 aspect. That is, UE and MME negotiate the eDRX parameters (e.g. Paging eDRX Cycle, Paging Time Window (PTW)) by NAS message. MME sends the eDRX parameters over PAGING message to eNB. The eNB paging the UE only in the PTW and UE should also monitor the paging only in the PTW.   

Taken into account that extended DRX in ECM-IDLE can obviously save UE power (e.g. with less paging monitoring occasion and less measurement activity), it should be supported when eMTC UE is registered in 5GC (e.g. connected to 5GC). Considering that existing extended DRX in ECM-IDLE has been specified in several WGs, e.g, SA2, RAN2, RAN3 and RAN4, and in order to minimize specification work, it’s suggested try to use the same extended DRX mechanism in ECM-IDLE for eMTC UE connected to EPC to eMTC UE connected to 5GC.

If the same extended DRX mechanism in ECM-IDLE for eMTC UE connected to EPC could be used for eMTC UE connected to 5GC, it may only have impacts on RAN3 specification, e.g., the 5GC should provide eDRX parameters through NG interface in PAGING message to eNB.

Proposal 1: It’s suggested try to use the same extended DRX mechanism in ECM-IDLE for eMTC UE connected to EPC to the eMTC UE connected to 5GC and no impacts on RAN2 specification are identified.
2.2 Issues for support of eDRX in CM-CONNECTED with RRC_INACTIVE 

For support of extended DRX in CM-CONNECTED with RRC_INACTIVE, there has an assumption that the sleep cycles is up to the NAS and SMS retransmission timers [1]. Based on the current specification, eNB cannot aware the value of NAS and SMS retransmission timer. Such information needs to be provided to NG-eNB from 5GC through NG interface and it means NG interface enhancement is needed when eMTC UE connected to 5GC. 

Observation 1: NG interface needs to be enhanced for providing the value of NAS and SMS retransmission timer for support of extended DRX in CM-CONNECTED with RRC_INACTIVE when eMTC UE is connected to 5GC.
Furthermore, taken into account that the maximal value of NAS and SMS retransmission timer is only about 15s, which is much less than the extended DRX cycle in ECM-IDLE for eMTC UE connected to EPC (about 2.91 hours), this may cause the eMTC UE to consume much more power or hardly benefit from eDRX when it is connected to 5GC with extended DRX in CM-CONNECTED with RRC_INACTIVE. 

Observation 2: With the assumption that sleep cycles is up to the NAS and SMS retransmission timers when supporting of extended DRX in CM-CONNECTED with RRC_INACTIVE, the eMTC UE connected to 5GC will consume much more power than that when it’s connected to EPC. 

In order to ensure that the power saving requirements are met, one possible way is to release the eMTC UE connected to 5GC to RRC_IDLE and CM-IDLE frequently. However, there exists another issue that UP solution (e.g. RRC suspend mechanism) cannot be supported in CM-IDLE in 5GC, which would cause more UE power consumption during RRC connection establishment procedures in some use cases, e.g., frequent data transmission. 

Observation 3: In order to ensure that the power saving requirements are met, one possible way is to release the eMTC UE connected to 5GC to RRC_IDLE and CM-IDLE frequently. But this way may also cause more UE power consumption during RRC connection establishment procedures as UP solution cannot be supported in CM-IDLE in 5GC.  

In a summary, we think CM-CONNECTED with RRC_INACTIVE in 5GC mainly provides benefit for reducing service transmission latency. However, taken into account that eMTC UE is more concerned with UE power saving than service latency, such states is not so good for eMTC UE. Also as we have mentioned frequently releasing UE to CM-IDLE may be useless for UE power saving, we think further enhancements which focus on power saving need to be introduced for extended DRX in CM-CONNECTED with RRC_INACTIVE.

For example, the eMTC UE in CM-CONNECTED with RRC_INACTIVE may be allowed to use eDRX parameters for CM-IDLE or even PSM while the arriving data can only be sent to UE during some certain windows. The interval among these windows may be large. If data arrives frequently, it may be delayed but this doesn’t so matter to eMTC UE.

Proposal 2: Further enhancements which focus on power saving need to be introduced for extended DRX in CM-CONNECTED with RRC_INACTIVE and there may have impacts on RAN2 specification. . 

2.3 Issues for support of EDT for Data over NAS and UP solution

For EDT for Data over NAS, we understand it should be performed in CM_IDLE state. We think the EDT procedure for Data over NAS for eMTC UE connected to EPC can be reused for eMTC UE connected to 5GC. No enhancement need is identified.

Proposal 3: The EDT procedure for Data over NAS for eMTC UE connected to EPC can be reused for eMTC UE connected to 5GC and no impacts on RAN2 specification are identified. 
According to our analysis before Observation 3, we think UP solution in 5GC can only be used for UE in CM-CONNECTED with RRC_INACTIVE, e.g., the RRC connection is released, but the NG interface exists and UE AS context is stored between NG-RAN and the UE. With such assumption, the Uu interface mechanism of UP EDT for eMTC UE connected to EPC can be reused for eMTC UE connected to 5GC while the S1 interface procedure in EPC would be simplified for NG interface in 5GC. Once NG-eNB receives the UL data over UP EDT, it can deliver the data to 5GC directly.

Proposal 4: The Uu interface mechanism of UP EDT for eMTC UE connected to EPC can be reused for eMTC UE connected to 5GC while the S1 interface procedure in EPC would be simplified for NG interface in 5GC. 

2.4 Issues for support of enhanced coverage restriction

For eMTC UE connected to EPC, the restriction of use of Enhanced Coverage only impacts RAN3 and SA2 specification. That is, MME and UE decides the CE-Mode-B restriction based on UE's usage setting in ATTACH REQUEST or TRACKING AREA UPDATE REQUEST message. MME decides the CE restriction based on UE NAS capability and UE’s subscription and sends Enhanced Coverage Restricted and/or CE-Mode-B Restricted indication to eNB for radio resource scheduling. 

In order to minimize specification work, we think such mechanism can be used for eMTC UE connected to 5GC, e.g., only the Enhanced Coverage Restricted and CE-Mode-B Restricted negotiation mechanism should be done between UE and 5GC, and the 5GC should provide Enhanced Coverage Restricted and/or CE-Mode-B Restricted indication to NG-eNB, which have impacts on SA2 and RAN3 specifications only.

Proposal 5: It’s suggested to use the same Enhanced Coverage restriction mechanism of eMTC UE connected to EPC to the eMTC UE connected to 5GC and no impacts on RAN2 specification are identified.
2.5 Issues for delivery of expected UE behavior information to the RAN

For eMTC UE connected to EPC, MME can send Expected UE Behaviour information(e.g. Expected UE Activity Behaviour, and Expected HO Interval) to eNB by UE specific S1 signalling for assisting eNB to configure more suitable radio parameters. In order to minimize specification work, we think such mechanism can be used for eMTC UE connected to 5GC and no impact on RAN2 specification.is identified. 
Proposal 6: It’s suggested that the same mechanism of expected UE behavior information delivery to RAN is used for the eMTC UE connected to 5GC and no impacts on RAN2 specification are identified.
2.6 Issues for indication of supporting CIoT features from eNB or UE

For eNB connected to EPC, some eNB capabilities related to supporting CIoT features, e.g., up-CIoT-EPS-Optimisation, cp-CIoT-EPS-Optimisation, and attachWithoutPDN-Connectivity can be indicated per PLMN in SIB2. Taken into account different PLMN may be also used for eMTC UE and NG-eNB connected to 5GC, the similar eNB capability broadcasting mechanism can be reused for eMTC UE and NG-eNB connected to 5GC.

Proposal 6: For eMTC UE connected to 5GC, the NG-eNB need to indicate capability of up-CIoT-EPS-Optimisation, cp-CIoT-EPS-Optimisation, and attachWithoutPDN-Connectivity per PLMN in SIB2.

For eMTC UE connected to EPC, the UE capability of up-CIoT-EPS-Optimisation, cp-CIoT-EPS-Optimisation, and attachWithoutPDN-Connectivity can also be reported in RRCConnectionSetupComplete message. From UE perspective, the CIoT procedure would be same no matter that the UE is connected to 5GC or EPC. So the scheme of UE reporting capability of up-CIoT-EPS-Optimisation, cp-CIoT-EPS-Optimisation, and attachWithoutPDN-Connectivity in RRCConnectionSetupComplete message can be reused for eMTC UE connected to 5GC.
Proposal 7: The scheme of UE reporting capability of up-CIoT-EPS-Optimisation, cp-CIoT-EPS-Optimisation, and attachWithoutPDN-Connectivity in RRCConnectionSetupComplete message can be reused for eMTC UE connected to 5GC.
2.7 Other issues

Based on the WI[1], eMTC UE connected to 5GC will support of extended DRX in CM-CONNECTED with RRC_INACTIVE. 

For legacy eLTE UE in CM-CONNECTED with RRC_INACTIVE, it has the following characteristics:

· Ng connection (both C/U-planes) is established for UE

· The RRC connection is released, but the UE AS context is stored in NG-RAN and the UE; 
That means for UE in this state, 5GC can send DL packet data to NG-RAN directly, but NG-RAN should paging the UE before sending the DL packet data to UE. Also taken into account the UE mobility, RAN based paging area would be configured for NG-RAN in eLTE (e.g ran-NotificationAreaInfo in RRCConnectionRelease message). With reference to eLTE, we think RAN based paging mechanism can be reused for eMTC UE and NG-eNB connected to 5GC.

Proposal 8: The RAN based paging mechanism can be reused for eMTC UE and NG-eNB connected to 5GC.

As legacy eMTC UEs don’t support the 5GC security mechanism, they are not allowed to access the cell connected to 5GC only. For eLTE connected to 5GC, there has similar issue and cellAccessRelatedInfo-5GC and plmn-Identity-5GC information are introduced to avoid legacy LTE UE selecting a cell connected to 5GC only (e.g., this cell is barred by old access barring parameters which are not read by new eLTE UE). With reference to eLTE, such mechanism can be reused for eMTC UE connected to 5GC.

Proposal 9: The mechanism for avoiding legacy UE accessing an eLTE network (e.g. cellAccessRelatedInfo-5GC and plmn-Identity-5GC information etc) can be reused for eMTC UE connected to 5GC.

3 Conclusions

In this contribution, we have discussed the issues related to UL transmission over preconfigured dedicated resource in idle mode. We make the following observations:

Observation 1: NG interface needs to be enhanced for providing the value of NAS and SMS retransmission timer for support of extended DRX in CM-CONNECTED with RRC_INACTIVE when eMTC UE is connected to 5GC.
Observation 2: With the assumption that sleep cycles is up to the NAS and SMS retransmission timers when supporting of extended DRX in CM-CONNECTED with RRC_INACTIVE, the eMTC UE connected to 5GC will consume much more power than that when it’s connected to EPC. 

Observation 3: In order to ensure that the power saving requirements are met, one possible way is to release the eMTC UE connected to 5GC to RRC_IDLE and CM-IDLE frequently. But this way may also cause more UE power consumption during RRC connection establishment procedures as UP solution cannot be supported in CM-IDLE in 5GC.  

Proposal 1: It’s suggested try to use the same extended DRX mechanism in ECM-IDLE for eMTC UE connected to EPC to the eMTC UE connected to 5GC and no impacts on RAN2 specification are identified.
Proposal 2: Further enhancements which focus on power saving need to be introduced for extended DRX in CM-CONNECTED with RRC_INACTIVE and there may have impacts on RAN2 specification. . 

Proposal 3: The EDT procedure for Data over NAS for eMTC UE connected to EPC can be reused for eMTC UE connected to 5GC and no impacts on RAN2 specification are identified. 
Proposal 4: The Uu interface mechanism of UP EDT for eMTC UE connected to EPC can be reused for eMTC UE connected to 5GC while the S1 interface procedure in EPC would be simplified for NG interface in 5GC. 

Proposal 5: It’s suggested to use the same Enhanced Coverage restriction mechanism of eMTC UE connected to EPC to the eMTC UE connected to 5GC and no impacts on RAN2 specification are identified.
Proposal 6: For eMTC UE connected to 5GC, the NG-eNB need to indicate capability of up-CIoT-EPS-Optimisation, cp-CIoT-EPS-Optimisation, and attachWithoutPDN-Connectivity per PLMN in SIB2.

Proposal 7: The scheme of UE reporting capability of up-CIoT-EPS-Optimisation, cp-CIoT-EPS-Optimisation, and attachWithoutPDN-Connectivity in RRCConnectionSetupComplete message can be reused for eMTC UE connected to 5GC.
Proposal 8: The RAN based paging mechanism can be reused for eMTC UE and NG-eNB connected to 5GC.

Proposal 9: The mechanism for avoiding legacy UE accessing an eLTE network (e.g. cellAccessRelatedInfo-5GC and plmn-Identity-5GC information etc) can be reused for eMTC UE connected to 5GC.
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