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Abstract of the contribution: This paper addresses the remaining open issue of how to handle EDT with UP optimization.
1
Problem statement
In the context of 5G CIoT, one remaining issue is the support of EDT with User Plane Optimization, particularly for the case the UE indicates in AS RAI that “no further Uplink or Downlink Data transmissions are expected”. 

In summary, the core of the discussion has been:

- 
On one hand, it could be battery efficient if the RAN releases the RRC connection immediately if the UE has indicated in AS RAI that “no further Uplink or Downlink Data transmissions are expected”. 

-
On the other hand, there may be MT data pending in the 5GC, and if the RAN releases the RRC connection repeatedly, the MT data may not get delivered in time.  

Various proposals have proposed with no conclusion. In our view, these are the possible ways forward.

2
Way forward Options

2.1. Option 1:  RAN always consults with AMF before releasing RRC connection

Similar as current E-UTRAN/EPC solution. 

In this option, the RAN always sends N2 RRC resume request to the AMF. If the UE has indicated AS RAI with “no further Uplink or Downlink Data transmissions are expected” the RAN can indicate a request to release N2. 

If the AMF is not aware of any MT data, it can indicate in the N2 response that RRC/N2 release is accepted. 

This option ensures that MT data is delivered when there is MT pending. 

On the other hand, this option always adds a roundtrip delay between the RAN and the 5GC, even when the UE only has one uplink packet to send and there is no MT data pending in the CN.

How efficient or inefficient this solution is depends on the traffic pattern. For instance, for the case where there is almost never MT data pending, and the UE almost always indicates AS RAI with “no further Uplink or Downlink Data transmissions are expected”, the round trip delay between RAN and 5GC becomes unnecessary almost always. 

The RAN to 5GC roundtrip delay by itself also depends on many factors, like deployment, implementation, congestion level in the AMF, etc.

Option 1 is efficient when there is frequently MT data pending. Option 1 is inefficient when there is no MT data pending.
2.2. Option 2:  RAN immediately releases RRC connection when N2 suspended. AMF releases N2 if MT data pending. 

During SA2#134, the following proposed way forward was proposed. 

If N2 is suspended, and the UE indicates “no further Uplink or Downlink Data transmissions are expected”, the RAN releases RRC connection immediately, before sending N2 message to AMF. 
If the AMF knows there is MT data pending in the 5GC, the AMF may release N2, and the RAN would in turn release the UE context. The next time the UE attempts to resume the connection, it will fall back to full service request. 

This solution benefits from avoiding the RAN to 5GC roundtrip when there is no MT data pending. However, when there is MT data pending at the 5GC, the power consumption and signalling price of falling back to full service request is quite costly, as the UE now needs to perform full RRC connection establishment procedure, then there is the RAN to 5GC rountrip, then AS SMC, and RRC connection reconfiguration need to be performed. 

Again, how efficient or inefficient this solution is depends on the traffic pattern. 

If the UE mostly performs MO data, and there’s almost never MT data, then this solution is quite efficient. 

However, if there is MT data pending with some frequency, the cost of each N2 release is quite steep, and all the service request procedures will start affecting negatively the UE power consumption, especially in cases where the UE is in extended coverage where the number of repetitions makes the additional signalling way more costly than a RAN to 5G roundtrip.  

Option 2 is efficient when there is no MT data pending. Option 2 is very inefficient when there is MT data pending.
2.3. Option 3:  AMF indicates to RAN whether immediate RRC release is allowed. 

This option was proposed in SA2#134 in S2-1906921. 
During Suspend procedure, the AMF may decide to enable immediate release of RRC connection, e.g. based on local configuration. In that case, the AMF indicates to RAN that immediate release of RRC connection is allowed in N2 suspend response message. 

If the AMF indicated “immediate RRC connection release allowed” in the suspend procedure, the AMF may at any time initiate an N2 procedure to indicate “immediate RRC connection release disallowed”, e.g. due to MT data or signalling pending.

If the RAN receives “immediate RRC connection release allowed” indication during suspend procedure, and the UE indicates in AS RAI “no further Uplink or Downlink Data transmissions are expected”, the RAN may decide to release RRC connection before initiating N2 resume procedure. In that case, the RAN indicates “RRC connection released” indication to AMF in the N2 resume message.

If the RAN did not receive “immediate RRC connection release allowed” indication or received a “immediate RRC connection release disallowed” indication from the AMF, the RAN always initiates N2 resume procedure before RRC connection is released.

This solution is the most efficient solution in terms of power saving and over the air signalling reduction, as it gets the best of both Option 1 and Option 2:
· If there is no MT data pending, the procedure would be as Option 2 (immediate RRC release). 

· If there is MT data pending, the procedure would be as Option 1 (RAN checks with AMF).

This solution on the other hand adds the complexity of an additional N2 message to disable immediate RRC release when there is MT data pending. 
2
Evaluation and Proposed Way Forward
2.1 Evaluation
From a power consumption efficiency point of view it is clear that Option 3 is the most efficient across all traffic patterns. 

	
	MT data pending
	No MT data pending

	Option 1 (always check with AMF)
	Efficient
	Inefficient

	Option 2 (always immediate release, AMF releases N2 for MT data)
	Very inefficient
	Efficient

	Option 3 (AMF enables/disables immediate RRC release)
	Efficient (equal to Option 1)
	Efficient (equal to Option 2)


From a network impact point of view, Option 3 has the additional impact of a new N2 message to disable immediate RRC release when previously enabled. 
Note that for CIoT, power efficiency and over-the-air signalling reduction are the two most important features. Also, CIoT by itself, and User Plane optimization already has added network impacts across the UE, RAN and AMF, including impacts to RRC (particularly substantial in case of EDT) and N2. Therefore we believe that the additional N2 impact is way worth the gain in power and signalling efficiency of Option 3 across all traffic patterns.
	Proposal 1: It is proposed to move forward with Option 3, AMF indicates to RAN whether immediate RRC release is allowed, AMF disallows immediate RRC release when there is MT data pending. 
Proposal 1 is captured in S2-1909908 (TS 23.502 CR 1866).


If this is not acceptable in SA2, unfortunately, we will not have a solution that is efficient across all traffic patterns. Therefore, from standards perspective, we would need to allow both Option 1 and Option 2, and let operators decide, based on the expected traffic patterns in their networks, to configure the RAN to either always consult with AMF (Option 1) or always immediately release RRC when the UE has indicated “no further Uplink or Downlink Data transmissions are expected” in AS RAI. The AMF also would need to be configured with whether it needs to release N2 when there is MT data pending. 

In other words, the operator decides statically if it wants to deploy Option 1 or Option 2. This configuration may be based on the most dominant type of traffic in their networks, it’s not per UE. 

When the UE indicates “no further Uplink or Downlink Data transmissions are expected” when N2 is suspended, the RAN checks in configuration whether immediately RRC release is configured. If it’s configured then the RAN may decide to release RRC connection and follow Option 1 solution. If immediate RRC release is not configured, then the RAN node requests the RRC/N2 release with AMF during N2 resume procedure. 
	Observation 1: If proposal 1 is not accepted, then we’ll need to standardize both Option 1 and Option 2. Then operators will need to configure RAN to do Option 1 or Option 2 based on expected traffic pattern. 
CR in S2-1909909 (TS 23.502 CR 1867). show how these two options could be reflected in SA2 specifications.
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