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Abstract of the contribution: This paper proposes a way forward for how to handle pending DL data/signalling.
1
Background
During FS_CIoT_5G various alternatives for how to handle pending DL data and DL signalling at MO data transmission was discussed. Note 2 in clause 6.19.4.2 and note 2 in 6.19.4.2b states “Handling of pending DL data/signalling for UE resuming RRC Connection with AS RAI will be discussed during normative phase,…”.

The two procedures TR 23.724 clauses 6.19.4.2 and 6.19.4.2b shows UL data transmission with the solution 19 “5GS UP Optimisation”. The second clause with Early Data Transmission, i.e. UL data transmitted together with the RRC msg3/4 in the MAC layer.  

In normal situations the RRC connection remains in RRC_CONNECTED mode for some time after the last data has been transmitted. The RAN may implement an inactivity timer as one means to control when the RRC connection shall be released. Other criteria and local policies may also influence the time a UE remains in RRC_CONNECTED. For battery operated devices, UE power consumption can be reduced significantly if the RRC connection can be released immediately after the last data packet (UL or DL) has been transmitted. Especially for devices with frequent transmissions, the total UE power saving can be substantial.

According to TR 23.724 clause 5.2.2, support for the following small data transmissions shall be provided:

-
single packet transmission (UL or DL);

-
dual packet transmission (UL with subsequent DL, or DL with subsequent UL);

-
multiple packet transmission (one or a few UL and/or one or a few DL (in any combination or order));

The NG-RAN does normally not know how many packets will be transmitted, or when the last packet has been transmitted. This is application layer information and is sometimes also dependent on external events or states that can be hard to predict at all. The presence of Pending DL data or DL signalling is example of that. For the UP Optimization, at least the following information may be considered by NG-RAN before releasing the RRC connection: 
a)
AS RAI


Information originating from the application in the UE for one specific transaction which transmits the UL data. An internal UE API conveys the release assistance information (RAI) to the AS layer in the UE. The AS RAI is optional information to be conveyed from the UE to the NG-RAN as part of RRC signalling or together with data transmission (RAN decision).   

b)
“Subscribed RAI”

The Traffic Profile in the Expected UE Behaviour parameters in clause 4.15.6.3 in TS 23.502 consists of subscribed information that can be used as release assistance information. It is provided to NG-RAN as part of CN Assisted RAN parameters tuning e.g. at PDU Session establishment or modification.  
c)
“Buffer empty” indication in RRC
Information generated within the AS layer of the UE based on amount of UL data buffered to be transmitted. From an end-to-end perspective the “buffer empty” indication cannot be used to predict if there will be subsequent DL data and UL data exchanged between the UE application and the AS application as a result of the initial UL data.   
d)
Pending DL data or DL signalling

Information kept in the network. Any attempts to send DL data to the UE while in power saving may be buffered in the UPF/SMF through Extended Buffering. AMF is aware of when there are buffered data. Similarly, any attempts to send DL NAS messages to the UE while in power saving is known in the AMF and kept in the UE Context parameter “URRP-AMF information” (see TS 23.502, clause 4.2.5 Reachability procedures). The URRP-AMF is used to manage delivery of pending DL signalling, e.g. MT SMS, when the UE becomes reachable.

If the AS RAI is available for a specific transmission in NG-RAN, the AS RAI takes precedence over any Subscribed RAI if present. Subscribed RAI if present indicates the “typical” traffic pattern of the device. That is, a different traffic pattern may occasionally be used e.g. for software/firmware updates. In such situation a non-optimal early release of the RRC Connection may happen, that requires additional paging, but this is considered acceptable due to its rare occurrence. 
Below are the figures from TR 23.724 of UL data transmission and UL data transmission with EDT. In the figures three decision points are shown where the information listed above (at least a, b & d) are considered by NG-RAN before doing an immediate release of the RRC connection. Figure 6.19.4.2b-1 has one additional decision point not shown here for the dual packet case.  
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Figure 6.19.4.2-1: UL data transmission
And below the corresponding figure for the Early Data Transmission case.
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Figure 6.19.4.2b-1: UL data transmission with Early Data Transmission
At the decisions marked in the figures above, one of the four listed informations i.e. “d) Pending DL data or DL signalling” is not yet decided how to be provided. This is discussed below. 

2
Discussing Pending DL data/signalling
At least three alternatives exists for handling pending DL data and DL signalling at UL data transmission for solution 19 clause 6.19.4.2 and 6.19.4.2b in TR 23.724:  
Alternative 1: AMF notifies NG-RAN at DL data reachability requests 
One possibility is to keep a flag in the UE context in RAN which is set at any DL data/signalling reachability requests when the UE is in a power saving state. This was discussed and proposed for solution 19 in S2-1811947 in SA2#129BIS and a similar more detailed solution proposed in this SA2#133 meeting in S2-1905231. 
This alternative has similarities and can be seen as an extension to RAN of the existing 5GC reachability procedures using the URRP-AMF in TS 23.502, clause 4.2.5. This alternative would be the most signalling efficient alternative for the Single packet transmission case. It allows the NG-RAN to release the RRC Connection immediately in all single packet transmission cases. NG-RAN would not be dependent on 5GC to do the immediate release of the RRC connection. This alternative is the most UE power efficient and guarantees the longest UE battery lifetime.   

Alternative 2: Ignore pending DL data/signalling at MO data – page and send later  

A second possibility is to just ignore any pending DL data/signalling at MO data transmissions, and depend on transmission later when the UE becomes reachable for paging or is doing its Periodic Registration. This was discussed and proposed for solution 19 in S2-1812308 in SA2#129BIS. 

This alternative has laid back approach but may have two drawbacks. The major drawback with this alternative is the perception of the 3GPP system and how it works. For an outside observer not being familiar with 3GPP internals, it is very weird that a device wakes up and communicates with the network, but that the device can still not receive buffered DL data. Some application programmers might even design their application based on that approach assuming the device can always be reached with DL data when it periodically sends its sensor data. A second drawback is that for certain combinations, e.g. MICO mode with periodic MO data, it may never be possible to page the device and deliver the DL data unless a Strict Periodic Registration Timer is used. And it is still unclear if this is possible to use in all scenarios.       

Alternative 3: Check with AMF if there are pending DL data/signalling

The third possibility is that NG-RAN checks with AMF if there are pending DL data/signalling when MO transmissions happens. The Periodic Registration Timer in AMF can then also be restarted and kept in synch with the UE. This was discussed and proposed for solution 19 in S2-1811701 in SA2#129BIS.
This alternative can support optimised radio signalling with EDT for both the Single packet case and Dual packet case. A fallback to RRC_CONNECTED when there is Pending DL data/signalling can be achieved. However, the alternative does not give the longer UE battery lifetime for Single packet transmissions as alternative 1 gives. 
3
Proposal
Based on the discussion above, it is proposed to go with the alternative 1 (AMF notifies NG-RAN at DL data reachability requests) to handle immediate release after MO data with the UP CIoT 5GS Optimization. This alternative is the most UE power efficient and guarantees the longest UE battery lifetime.    
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