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1 Introduction

The WID of Rel-16 enhancements for NB-IoT and the WID of Rel-16 MTC enhancements for LTE were approved in RAN#80. The WIDs have been revised for several times and the lasted ones are approved in RAN#83 [1][2]. The following objective is included in both of these WIDs:
	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 Inter-UE QoS for data over NAS (resource prioritisation between different NB-IoT UEs)

· 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 RAN2 #105meeting, there have some discussion based on SA2 LS. Most discussion focus on which user plane solution is preferred for UE connecting 5GC. Finally, RAN2 has sent a simple response LS to SA2 to indicate that, from RAN2 perspective both UP CIoT optimization and RRC_INACTIVE are feasible. And no consensus on whether to support UP CIoT optimization and/or RRC_INACTIVE for CIoT with 5GC is achieved. 

This issue has been discussed again in the following RAN plenary. Another LS [4] as follows has been sent to indicate RAN2 and RAN3 would continue to discuss this issue with co-operation with SA2:
	RAN thanks RAN2 for the reply to the SA2 LS on completion of 5G CIoT study.

RAN would like to provide the following guidance:

· RAN expects RAN2 and RAN3 with co-operation with SA2 will continue to discuss the issue in the coming meetings.

· RAN also expects RAN2 and RAN3 evaluate the RAN impact of UP CIoT optimization and RRC_INACTIVE connected 5GC, considering the following aspects.

· UE battery life time and complexity

· Network and system impacts

· RAN understands both solutions (UP CIoT optimization and RRC_INACTIVE, connected 5GC) are on the table for further discussion in RAN2, RAN3 and SA2.

RAN thanks RAN3 for the reply to the SA2 LS on signalling optimization for RRC Inactive N3 path switch.

RAN would like to provide the following guidance:

· RAN expects that RAN3 will co-operate with SA2 on the issue.


In this contribution, we will further compare these two user plane solutions and give our preference. 
2 Discussion
2.1 5G UP CIoT vs RRC_INACTIVE with long eDRX
During RAN2 discussion, some companies[5][6] think UP CIoT solution is the only scheme which can fulfill the UE power saving requirements and prefer it. While other companies[5][7] disagree and think RRC_INACTIVE with enhancement of longer eDRX cycle can also fulfill the UE power saving requirements and cause not much complexity to UE. Moreover, RRC_Inactive is already available from 5G CN standpoint, but this is not the case for RRC Suspend/Resume procedure if supporting UP CIoT solution in 5GC. 
During RAN plenary discussion, some companies think we should stick to the R13 UE power saving and complexity/cost requirements. We understand this would be not possible as what we are talking about is a R16 UE which already need to support some R16 new features and has the capability to connect to 5GC. All these new features will inevitable increase UE’s complexity/cost, but the reward is enhanced UE function. Moreover, we think the increased complexity/cost due to user plane solution would only be a small part in the overall increased complexity/cost. Therefore, the difference of increased complexity/cost/UE power consumption between different user plane solutions would be negligible.
There also has suggestion to take CIoT device operating UP CIoT optimization with connectivity to EPC as a reference scenario for comparison between RRC_INACTIVE and UP CIoT solution. Here we assume it refers to the R16 CIoT device with connectivity to EPC. Firstly, some companies cannot agree such reference scenario as they think both of these user plane solutions are different to what we have today in specs. Hence a reference is not needed. Secondly, with the following comparison, we think the UE power saving with using RRC_INACTIVE may be same or even better than that with using UP CIoT optimization. And at the same time, the cost of all these benefit is more in network complexity but less in UE complexity:

1. RRC_INACTIVE have advantage for frequent data transmission. As soon as the IoT UE has the use case of frequent data transmission when connecting 5GC, the RRC_INACTIVE can be the common solution. We only need to configure different longer or shorter eDRX cycle for infrequent or frequent data transmission. But for UP CIoT optimization, once such use case with frequent data transmission occurs, the connection would be frequently suspend and resume which would cause more signaling exchanging overhead and even UE power consumption.
2. MO-EDT has been supported from R15 and MT-EDT would be supported in R16. For UE connecting to 5GC, if it supports such UP solution as 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, we understand Uu interface mechanism of UP EDT for UE connected to EPC can be reused for UE connected to 5GC while the S1 interface procedure in EPC would be simplified for NG interface as NG-RAN can deliver the data to 5GC directly once it receives the UL data over Uu interface. Such process can shorten the UP EDT procedure and may bring benefit for UE power saving.
3. D-PUR would be supported in R16. For UE connecting to 5GC, with assumption of UE in CM-CONNECTED with RRC_INACTIVE, the D-PUR procedure may be also simplified, similar as that for EDT features.
Observation 1: If we consider possibility of supporting both of infrequent or frequent data transmission use cases and possibility of simplifying EDT procedures, we understand the effect of UE power saving with using RRC_INACTIVE may be same or even better than that with using UP CIoT optimization when connecting to 5GC.
As mentioned above, in order to fulfill UE power saving requirements, the sleep cycles of up to the NAS and SMS retransmission timers for UE in CM-CONNECTED with RRC_INACTIVE would not be enough. Several companies have already proposed to introduce longer eDRX cycle, e.g.,similar as eDRX cycle in ECM-IDLE for UE in CM-CONNECTED with RRC_INACTIVE. But during RAN2 discussion, there have concerns that too long eDRX cycles may not be good from CN standpoint. For this point, we have some different understanding:
1. To minimize power consumption when monitoring both CN and RAN paging during RRC_INACTIVE state, PTW needs to be aligned between CN and RAN paging. Therefore, NG-RAN needs to know all the UE specific parameters required for calculation in eDRX. The signaling enhancement in NG interface would be needed. But we think it’s not big issue. Anyway, even for UP CIoT optimization solution, it also has signaling overhead about resuming the connection, activating DRB, AS security and User Plane connectivity over N3 interface etc.
2. With longer eDRX cycle, the arriving data can only be sent to UE during certain windows and the interval among these windows may be large. In this case, 5GC extended buffering or RAN buffering may be needed. But as we assume the UE with long eDRX cycle would have few frequent data transmission or even it has, it’s usually small data, we think it would not be big challenge for buffering design.
Another concern about impacts on core network is large number of IoT devices in RRC_ACTIVE may cause NG interface overhead as NG interface would be always kept alive. We understand from implementation perspective, if there has infrequent data transmission and the devices are usually with low mobility, even the NG tunnel exists, the overhead on NG-RAN or 5GC with alive NG tunnel may be similar as that for UP CIoT optimization solution, e.g., only the overhead of keeping AS context.

Observation 2: we think the impacts on core network of RRC_INACTIVE with longer eDRX cycle are not large. And from network deployment perspective, it’s better to support RRC_INACTIVE to allow some common process in NG-RAN for connecting to 5GC.
Proposal 1: It’s suggested to support RRC_INACTIVE with longer eDRX cycle for both NB-IoT and eMTC UE connecting to 5GC.
2.2 Issues for support of eDRX in CM-CONNECTED with RRC_INACTIVE 
If proposal 1 can be agreed, we suggest to allow the IoT UEs in CM-CONNECTED with RRC_INACTIVE to reuse eDRX parameters for CM-IDLE or even PSM. 
Proposal 2: It’s suggested to reuse eDRX parameters for CM-IDLE or even PSM for the IoT UEs in CM-CONNECTED with RRC_INACTIVE.

In last RAN2 meeting, RAN2 has already agreed and indicated in the response LS [8] to RAN3 and SA2 that, in order to align the PTW between CN and RAN paging, NG-RAN needs to know all the UE specific parameters required for idle mode paging occasion calculation in eDRX. With such agreement, no additional NG interface enhancement for proposal 2 is needed. 

Observation 3: With reference to LS [8], no additional NG interface enhancement for proposal 2 is needed.
With proposal 2 and observation 3, all the nodes of IoT UE/5GC/NG-RAN can know the longer eDRX parameters and align the PTW with each other. Then DL transmission (DL data or NAS PDU) could be buffered in core network(it can be referred to solution 7 in [3]) and the related nodes (UPF or AMF) would wait for the suitable timing to trigger DL transmission and further trigger RAN paging to the IoT UEs. We understand such buffering scheme may cause DL transmission delay, but this is not big issue for IoT UEs. 
With the above suggested scheme that 5GC buffers the DL transmission with reference to the UE specific eDRX parameters for idle mode which are known by itself (referred as Option A), the NAS PDU retransmission controlled by the short NAS retransmission timer would not be triggered. In [9], they have mentioned another option (Option B) to handle NAS retransmission. In Option B, only NG-RAN would configure a long eDRX cycle for RAN paging. If a DL signaling comes but the NG-RAN cannot page the IoT UE since it’s in sleep cycle, NG-RAN could feedback in a similar way as if a paging failure had happened. Upon receiving such feedback, the AMF can then disable any NAS retransmission timer. Moreover, they think disabling the NAS retransmission timer is not enough. Since the NG-RAN has decided the start of the sleeping period alone and the 5GC has no idea of when this sleeping period is going to end, they suggest the NG-RAN node could inform the 5GC about this end of eDRX sleeping period and therefore 5GC can know how long to buffer the NAS PDU and the timing for next retransmission or another new transmission. We think Option B have the similar effect as the Option A, but will involve more signaling exchanging overhead, e.g., paging failure needs to be indicated to 5GC and also RAN paging parameter needs to be indicated to 5GC. Moreover, it’s not clear whether or not RRC_INACTIVE would be released upon reception of paging failure indication. If this is the case, the Option B would be more complicated and less signaling efficient.

Proposal 3: It’s suggested that 5GC buffers DL transmission with reference to UE specific eDRX parameters for idle mode which are known by itself.

3 Conclusions

In this contribution, we make the following observations and proposals:

Observation 1: If we consider possibility of supporting both of infrequent or frequent data transmission use cases and possibility of simplifying EDT procedures, we understand the effect of UE power saving with using RRC_INACTIVE may be same or even better than that with using UP CIoT optimization when connecting to 5GC.
Observation 2: we think the impacts on core network of RRC_INACTIVE with longer eDRX cycle are not large. And from network deployment perspective, it’s better to support RRC_INACTIVE to allow some common process in NG-RAN for connecting to 5GC.
Observation 3: With reference to LS [8], no additional NG interface enhancement for proposal 2 is needed.
Proposal 1: It’s suggested to support RRC_INACTIVE with longer eDRX cycle for both NB-IoT and eMTC UE connecting to 5GC.
Proposal 2: It’s suggested to reuse eDRX parameters for CM-IDLE or even PSM for the IoT UEs in CM-CONNECTED with RRC_INACTIVE.

Proposal 3: It’s suggested that 5GC buffers DL transmission with reference to UE specific eDRX parameters for idle mode which are known by itself.
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