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1. Introduction
During RAN2 NB-IOT Ad-hoc Meeting in Budapest, some details of RRC Connection Control have been discussed. Regarding RRC Connection Release, the following was agreed:
· The LTE RRC Connection Release procedure to be supported. Other methods for RRC release is FFS.
Particularly, the following proposal from [2] was discussed:

Proposal 2: RAN2 to discuss on ways to release the connection based on information from the UE. 
We denote such RRC Connection Release based on UE information that the transaction is complete as “Early RRC Connection Release”.

A mechanism is planned for the CP based solution (see 6.1). However, this is not yet possible with the UP based solution. During the Ad-hoc meeting, it was decided to not agree now and to wait for specific solutions, but it was not discussed at RAN2#93 and RAN2#93bis due to lack of time. In this contribution, we give our view on this topic and propose solutions applicable to UP.

2. Motivation
It is our understanding that typical IoT applications would benefit from using information from the UE to quickly release the connection. The considered traffic patterns cover very short data transactions sparsely spread over time. The main use case used for system analysis in [1] is based on a single UL report (between 20-200 bytes), followed by a DL acknowledgment 50% of the time (Mobile Autonomous Reporting periodic reports). However, use cases with a few exchanged messages have also been considered.

For such small data transactions, the application in the UE typically knows when the transaction is completed. Given the short duration of the transaction, the time spent by the UE in CDRX while waiting for the eNB to release the connection (at inactivity timer expiry) can account for a large proportion of the power consumption. We have made a power consumption analysis for non NB-IOT use cases in [5], however similar results could be expected for NB-IOT use cases. A mechanism for UE indication of transaction completion has already been introduced in SA2 along with the CP solution. It would be highly beneficial to have a similar feature for deployments using the UP solution.
Proposal 1: Introduce a way to perform an early release of the RRC connection for the UP solution, based on UE information on transaction completion  
Moreover, as CIoT optimizations are ported onto non NB-IoT (typically for efficient CIoT traffic support by Cat-M devices), the solution should be designed such as it can be supported as well for non NB-IoT.
Proposal 2: The solution should be applicable to non NB-IoT 
In our view, the mechanism designed for the CP based solution (see 6.1) is efficient. We do not see a need to replace it by an AS solution. This would both:

· duplicate the feature for a UE supporting only the CP solution, increasing the implementation/test complexity.

· degrade the efficiency of CP solution, since duplicated information would be sent over Uu

Moreover, an AS solution would be less efficient for CP as the eNB would anyway need to wait for potential MT data buffered at MME before releasing the connection. 
Proposal 3: The solution should not duplicate existing CP solution 
3. Early RRC Connection Release
There are several alternatives to send RAI to the eNB. These alternatives are summarized below and analyzed in the following sections:
Simple fast dormancy approach, which could e.g. reuse the UEAssistanceInformation framework:
· RAI over SRB  (e.g., using UEAssistanceInformation)
Optimized alternatives: 

· RAI over SRB (“RRC Connection Release Request” message), but with a reference to the last UL PDCP PDU

· RAI over DRB (at PDCP level)

Other approaches, suggested in [6]:

· RAI in RRCConnectionResume Request message
· RAI in a MAC PDU
3.1. RAI over SRB (e.g., using UEAssistanceInformation)
In LTE, UE can send a Power Preference indication (PPI) within an “UE Assistance Information” RRC message, to indicate it would benefit from a power optimized configuration. However, this indication only defines a preferred mode of operation, it can only be sent when toggling between normal or power optimized mode. The use case is different: typically a UE may enter power optimized mode depending of the battery level if not in charge. However, the PPI framework might be reused to convey a different information in “UE Assistance Information” RRC message.
In UTRA, the “fast dormancy” feature enables the UE to send a “SIGNALLING CONNECTION RELEASE INDICATION” RRC message, in order to ask the UTRA NodeB to release the connection. Similar procedure could be introduced in LTE: either define a new RRC message, or add a new IE within an existing message (e.g. “UE Assistance Information”) to request the release of the connection. In the following we refer to this new/modified message as “RRC Connection Release Request”.

The expected signalling over Uu with only 1 UL data message (after initial attach and suspension of the RRC connection) is described in Table 1 (no subsequent DL data expected case) and Table 2 (subsequent DL data expected case). The “UL grant” are indicated for information and would request a separate DL reception (on NPDCCH).
	Step 
	 Messages
	Direction
	

	1
	Msg1 - RA Preamble
	UL
	

	2
	Msg2 - RA Response
	DL
	

	3
	Msg3 - RRC Connection Resume Request (SRB0) + DVI
	UL
	

	4
	Msg4 - RRC Connection Resume (SRB0) / UL grant
	DL
	

	5
	Data Packet (DRB)
	UL
	

	6
	RLC ACK
	DL
	

	7
	RRC Connection Release Request (Msg1/3/5?)
	UL
	

	8
	RLC ACK + RRC Connection Release + Poll / UL grant
	DL
	

	9
	RLC ACK
	UL
	


Table 1 - no subsequent DL data expected
	Step 
	 Messages
	Direction
	

	1
	Msg1 - RA Preamble
	UL
	

	2
	Msg2 - RA Response
	DL
	

	3
	Msg3 - RRC Connection Resume Request (SRB0) + DVI
	UL
	

	4
	Msg4 - RRC Connection Resume (SRB0) / UL grant
	DL
	

	5
	Data Packet (DRB) 
	UL
	

	6
	RLC ACK + Data Packet (DRB) + Poll / UL grant (for RLC ACK)
	DL
	

	7
	RLC ACK + RRC Connection Release Request (Msg3/5?)
	UL
	

	8
	RLC ACK + RRC Connection Release + Poll / UL grant
	DL
	

	9
	RLC ACK
	UL
	


Table 2 - subsequent DL data expected
One drawback of this approach is that it will generate additional TX(s) over Uu:

· the UE needs to wait the actual end of the transaction to generate and send the RRC Connection Release Request
· the UE may need to trigger a PRACH procedure to send this message (so possibly up to 3 additional TX in total), or at least to send a BSR in a prescheduled occasion (2 additional TX in total) 
Compared to the CP solution (see 6.1), the number of TX messages is increased from 4 to 5-7, representing 25-75% increase in the number of TX messages.
Along with this increase in the number of TX messages, the UE is also maintained longer in RRC Connected Mode. 

The main issue is that since the data packet and the RRC Connection Release Request are sent on two different logical channels, it is not possible to guarantee their relative ordering at the receiver. Conversely, the CP solution attaches Release Assistance Information to the UL data message. This avoids the additional TX(s) and the additional waiting time before entering RRC IDLE.
Observation 1: compared to the CP solution mechanism, using a simple RRC Connection Release Request message can increase the number of TX messages to up to 75% and will increase the time spent in connected mode 
3.2. RAI over SRB, with a reference to the last UL PDCP PDU
It is possible to improve the above solution by including in the RRC Connection Release Request message a reference to the last UL PDCP PDU.

More specifically, what can be sent is

· Last UL PDCP PDU reference

· The DRB id (5 bits) – not needed if only one DRB is established, could be added optionally when several DRBs are established
· The PDCP SN (depends of PDCP SN configuration, 7 bits can be enough; alternatively, a few LSBs only could be considered)

· Subsequent DL Data  Expected – SDDE (1 bit)

The expected signalling over Uu with only 1 UL data message (after initial attach and suspension of the RRC connection) is described in Table 3 (no subsequent DL data expected case) and Table 4 (subsequent DL data expected case).

	Step 
	 Messages
	Direction
	

	1
	Msg1 - RA Preamble
	UL
	

	2
	Msg2 - RA Response
	DL
	

	3
	Msg3 - RRC Connection Resume Request (SRB0) + DVI
	UL
	

	4
	Msg4 - RRC Connection Resume (SRB0) / UL grant
	DL
	

	5
	Data Packet (DRB) + RRC Connection Release Request (SRB1)
	UL
	

	6
	RLC ACK + RRC Connection Release + Poll / UL grant
	DL
	

	7
	RLC ACK
	UL
	


Table 3 - no subsequent DL data expected
	Step 
	 Messages
	Direction
	

	1
	Msg1 - RA Preamble
	UL
	

	2
	Msg2 - RA Response
	DL
	

	3
	Msg3 - RRC Connection Resume Request (SRB0) + DVI
	UL
	

	4
	Msg4 - RRC Connection Resume (SRB0) / UL grant
	DL
	

	5
	Data Packet (DRB) + RRC Connection Release Request (SRB1)
	UL
	

	6
	RLC ACK + Data Packet (DRB) + Poll / UL grant
	DL
	

	7
	RLC ACK
	UL
	

	8
	RLC ACK + RRC Connection Release + Poll / UL grant
	DL
	

	9
	RLC ACK
	UL
	


Table 4 - subsequent DL data expected
In step 3, UE would actually signal in the DVI the data volume corresponding to the UL data packet + the RRC Connection Release Request. The benefits are clear:
· when no subsequent DL data is expected, the solution enables to reduce the number of TX to the level of the CP solution, so up to 42% reduction in the number of TX
· when subsequent DL data is expected, the solution still enables to reduce the number of TX since PRACH or BSR is not needed to send the RRC Connection Release Request. However, the RRC Connection Release still needs to be sent after the DL data packet transmission confirmation, for the same reason as in UL. 
For NB-IOT, this additional information in the RRC message account for only 1 byte, possibly less if a reduced PDCP SN is used. It is interesting to compare this overhead with the total size of the RRC Connection Release Request message. In addition to the above payload, the message ID, other ASN1 overhead, 1 byte for PDCP header, 1 byte for RLC header, and 4 bytes for integrity protection needs to be taken into account, for a total of around 8 bytes. 

Given the benefit in terms of reduced transmission, lower time in connected mode, and the low additional overhead and complexity, we make the following proposal:

Proposal 4: If a RRC message is used to request release of the RRC Connection, it should preferably include a reference to the Last UL PDCP PDU (DRB-ID if needed, PDCP SN) as well as the related SDDE information
3.3. RAI over DRB

An alternative to sending the RAI over SRB is to send it over DRB. Similarly to the CP solution, the Release Assistance Information can be tied to the last UL data message. This can be done either:
· by including it in the PDCP header (2 bits). However this can imply sending a 0 length SDU when the end of the transaction is only known after reception of a DL PDU, and modifying several PDCP headers to apply the solution to non NB-IoT use case. 
· by using a single new PDCP control PDU (Release Indication control PDU) (with 1 bit payload, indicating whether subsequent DL data is expected). This approach is detailed below.
To handle correctly the case where UE knows that the transaction is complete only after receiving a DL PDU, it is preferred that the RI control PDU is sent following the last UL PDCP data PDU. It is then guaranteed that the RAI is received after the last UL PDCP PDU. 
In NB-IOT, only one or two DRBs can be configured. In the general case, several DRBs can be configured. There are 2 possible ways to handle this: either have the RAI scope on a per-DRB basis, and the connection can be released only when for instance RAIs for all DRBs have requested it. Or, allow that the RAI for a single DRB can release the connection. This may be a simpler alternative. The UE implementation can handle the sending of the RAI depending of the presence of other DRBs (i.e., not send it if it does not want the connection to be released). 
As regards security, there would be no integrity protection for RAI. However, this should not be an issue, as RRC Connection Release itself has no protection in CP solution.
A text proposal is included in 6.2.

The expected signalling over Uu is described in Table 5 (no subsequent DL data expected case) and Table 6 (subsequent DL data expected case). It is similar as “Release Assistance Information over SRB, with a reference to the last UL PDCP PDU” signalling, except that RI control PDU is used in place of RRC message.
	Step 
	 Messages
	Direction
	

	1
	Msg1 - RA Preamble
	UL
	

	2
	Msg2 - RA Response
	DL
	

	3
	Msg3 - RRC Connection Resume Request (SRB0) + DVI
	UL
	

	4
	Msg4 - RRC Connection Resume (SRB0) / UL grant
	DL
	

	5
	Data Packet (DRB) + RI control PDU (DRB)
	UL
	

	6
	RLC ACK + RRC Connection Release + Poll / UL grant
	DL
	

	7
	RLC ACK
	UL
	


Table 5 - no subsequent DL data expected
	Step 
	 Messages
	Direction
	

	1
	Msg1 - RA Preamble
	UL
	

	2
	Msg2 - RA Response
	DL
	

	3
	Msg3 - RRC Connection Resume Request (SRB0) + DVI
	UL
	

	4
	Msg4 - RRC Connection Resume (SRB0) / UL grant
	DL
	

	5
	Data Packet (DRB) + RI control PDU (DRB)
	UL
	

	6
	RLC ACK + Data Packet (DRB) + Poll / UL grant
	DL
	

	7
	RLC ACK
	UL
	

	8
	RLC ACK + RRC Connection Release + Poll / UL grant
	DL
	

	9
	RLC ACK
	UL
	


Table 6 - subsequent DL data expected
It is expected that the UE would receive the last PDU from application layer along with the corresponding RAI, and can then generate the RI control PDU which will be sent just after the last UL PDU. The RI control PDU would be included in the reported DVI and given it is only one byte, in most of the case it will be included in the last TB of the UL message and will not generate a separate transmission.  

Proposal 5: Consider sending the RAI as a new PDCP control PDU
As a further optimization, the new PDCP control PDU could be used in DL in place of sending a RRC Connection Release message. Such procedure can be authorized by the eNB in the Connection Setup/Resume message, along with any RRC Connection Release information (such as redirection or Resume-ID, since the RRC Connection Release message would not be sent).
This has the benefit removing a message exchange over Uu, which is otherwise needed since the RRC Connection Release message and the data packets are sent on 2 different logical channels. This is described in Table 7 in the case of a PDCP control PDU.
	Step 
	 Messages
	Direction
	

	1
	Msg1 - RA Preamble
	UL
	

	2
	Msg2 - RA Response
	DL
	

	3
	Msg3 - RRC Connection Resume Request (SRB0) + DVI
	UL
	

	4
	Msg4 - RRC Connection Resume (SRB0) / UL grant
	DL
	

	5
	Data Packet (DRB) + RI control PDU (DRB)
	UL
	

	6
	RLC ACK + Data Packet (DRB) + RI control PDU (DRB) + Poll / UL grant
	DL
	

	7
	RLC ACK
	UL
	


Table 7 – DRB triggered release
Proposal 6: Consider using a DL PDCP control PDU to trigger the release of the RRC connection (in place of the RRC Connection Release message)
3.4. RAI in RRCConnectionResumeRequest

The RAI may be included in RRC Connection Resume Request message. However, it is then limited to use cases in which the UE application initiates the transfer and knows whether e.g. there is only one UL message (and possibly one DL response). As soon as we consider use cases with multiple messages exchange, this solution is no longer applicable.
Moreover, it is also not applicable in the NW command use case, since in that case the Msg3 will be sent before the application in the UE can indicate whether there is only one response in UL.
Observation 2: RAI in RRCConnectionResumeRequest is not applicable to NW command scenario or multiple messages scenario
3.5. RAI in MAC PDU

The UE may include the RAI at MAC level (within a MAC PDU). This however raises several issues.

Design 

MAC is agnostic to what is tranported within logical channels. MAC is responsible of scheduling, and as such it makes perfect sense e.g. to have an indication that RLC/PDCP buffers are empty at MAC level (and this is somehow what the BSR can do). This can indicate the end of a transmission burst to the eNB and can be used for C-DRX optimisations.

The application layer will signal the RAI corresponding to a given UL PDCP PDU, and it is not clear how this can be communicated to MAC. It is not possible obviously to have a direct indication from e.g. PDCP to MAC. In our understanding, it should be included in MAC PDUs including (part of) this last UL PDCP PDU, however there is no way for MAC to easily have this information, and we do not think it should have it.
Assuming somehow the information can be provided to MAC, a new mechanism (trigger) would be needed to send this information. Currently, MAC can only trigger BSR/SR based on data to be sent in logical channels. Conversely, sending a PDCP control PDU is straightforward.
Sequencing 

The CP solution as well as the proposals previously discussed rely on sending RAI along with the last UL PDCP PDU, in order to minimize the number of TX. It does not seem feasible if it sent in MAC. Assuming the UL PDCP PDU is sent over several transport blocks, it is not clear which TB will have to include the RAI. Moreover, it is possible that a TB including the RAI is correctly received by the eNB, while some other TB has not been correctly received. In such case, the RAI will be received by the eNB before the last UL PDCP PDU (RLC AM has been agreed for NB-IoT, so it should be assumed that some eNB implementations might use it to request ARQ retransnmissions).
For non NB-IoT, several HARQ processes are supported. This would increase this sequencing issue as the RAI indication may be received by the eNB even earlier, potentially while several UL PDCP PDUs are still to be received by the eNB.

Observation 3: RAI in MAC PDU raises design concerns and seems not applicable to non NB-IoT scenarios
4. Conclusion 
In this contribution, we have discussed the ways to signal RAI to the eNB for an early RRC connection release. The different observations on proposed solutions are summarized in Table 8 - Summary. The NAS CP solution is indicated as a reference. In the overall “Total” evaluation, it is assumed that the lack of security is not an issue. The main rationale is that anyway, the RRC Connection Release message itself is not protected in the CP solution.

	Proposals
	Technical evaluation
	Applicability 
(covered use cases)
	Total

	
	Design
	Efficiency (#Tx Msg)
	Overhead (#Bytes)
	Security
	NB-IoT
	Non 
NB-IOT
	

	NAS (CP solution)
	(
	(
	(
	(
	(
	(
	(

	SRB (simple message)
	(
	(
	(
	(
	(
	(
	(

	SRB (+UL PDCP ref)
	(
	(
	(
	(
	(
	(
	(

	DRB (at PDCP level)
	(
	(
	(
	(
	(
	(
	(

	RRCConnection Resume Request
	(
	(
	(
	(
	(
	(
	(

	MAC PDU
	(
	(
	(
	(
	(
	(
	(


Table 8 - Summary
Based on this analysis, the preferred solution would be to introduce RAI at PDCP level. If security is an issue, it can be introduced at RRC level, with a reference to the last UL PDCP PDU.

We have made the following observations:

Observation 1: compared to the CP solution mechanism, using a simple RRC Connection Release Request message can increase the number of TX messages to up to 75% and will increase the time spent in connected mode
Observation 2: RAI in RRCConnectionResumeRequest is not applicable to NW command scenario or multiple messages scenario
Observation 3: RAI in MAC PDU raises design concerns and seems not applicable to non NB-IoT scenarios
And we make the following proposals:
Proposal 1: Introduce a way to perform an early release of the RRC connection for the UP solution, based on UE information on transaction completion
Proposal 2: The solution should be applicable to non NB-IoT
Proposal 3: The solution should not duplicate existing CP solution
Proposal 4: If a RRC message is used to request release of the RRC Connection, it should preferably include a reference to the Last UL PDCP PDU (DRB-ID if needed, PDCP SN) as well as the related SDDE information
Proposal 5: Consider sending the RAI as a new PDCP control PDU
Proposal 6: Consider using a DL PDCP control PDU to trigger the release of the RRC connection (in place of the RRC Connection Release message)
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6. Annex
6.1. Early RRC Connection Release for CP solution
The stage 2 description of CP solution can be found in [3].The stage 3 agreed CR can be found in [4].
It enables “Early RRC Connection Release”, as the UE can inform the NW that the transaction is complete, by using signalling at NAS level. Within any UL NAS small data message, UE can include a Release Assistance Information (RAI) which indicates (on 2 bits):

· Whether a connection release is requested

· When connection release is requested, whether 

· Case A: no subsequent downlink data (SDD) is expected

· Case B: a SDD is expected (e.g. response message) 

This information is received by the MME which

· In case A: Initiate the release of the connection (S1-AP UE Context Release)
· In case B: After receiving and sending to eNB the response DL PDU, initiate the release of the connection (S1-AP UE Context Release)
In both cases, the MME initiate the release of the connection only if no other MT traffic is pending (which could e.g. have been buffered earlier while waiting for paging UE).
Each NAS small message is associated to a bearer by using EPS Bearer Identity field in the NAS container. The RAI field is tied to each UL NAS small data message, but however its meaning is not bearer related. In case several bearers are used, the RAI would be sent only with the very last UL NAS small data message (assuming the application layer can provide this information).
The expected signalling over Uu with only 1 UL data message is described in Table 9 (no subsequent DL data expected case) and Table 10 (subsequent DL data expected case). 

	Step 
	 Messages
	Direction
	

	1
	Msg1 - RA Preamble
	UL
	

	2
	Msg2 - RA Response
	DL
	

	3
	Msg3 - RRC Connection Setup Request (SRB0) + DVI
	UL
	

	4
	Msg4 - RRC Connection Setup (SRB0) / UL grant
	DL
	

	5
	Msg5 - RRC Connection Setup Complete (SRB1) inc. Data Packet+RAI (NAS/SRB1)
	UL
	

	6
	RLC ACK + RRC Connection Release (SRB1) + Poll / UL grant
	DL
	

	7
	RLC ACK
	UL
	


Table 9 - no subsequent DL data expected

	Step 
	 Messages
	Direction
	

	1
	Msg1 - RA Preamble
	UL
	

	2
	Msg2 - RA Response
	DL
	

	3
	Msg3 - RRC Connection Setup Request (SRB0) + DVI
	UL
	

	4
	Msg4 - RRC Connection Setup (SRB0) / UL grant
	DL
	

	5
	Msg5 - RRC Connection Setup Complete (SRB1) inc. Data Packet+RAI (NAS/SRB1)
	UL
	

	6
	RLC ACK + Data Packet (NAS/SRB1) + RRC Connection Release (SRB1) + Poll / UL grant
	DL
	

	7
	RLC ACK
	UL
	


Table 10 - subsequent DL data expected
6.2. Release Indication PDCP Control PDU 36.323 TP
*** FIRST MODIFIED SECTION ***
5.1.1
UL Data Transfer Procedures

At reception of a PDCP SDU from upper layers, the UE shall:

-
start the discardTimer associated with this PDCP SDU (if configured);

For a PDCP SDU received from upper layers, the UE shall:
-
associate the PDCP SN corresponding to Next_PDCP_TX_SN to this PDCP SDU;

NOTE:
Associating more than half of the PDCP SN space of contiguous PDCP SDUs with PDCP SNs, when e.g., the PDCP SDUs are discarded or transmitted without acknowledgement, may cause HFN desynchronization problem. How to prevent HFN desynchronization problem is left up to UE implementation.

-
perform header compression of the PDCP SDU (if configured) as specified in the subclause 5.5.4;

-
perform integrity protection (if applicable), and ciphering (if applicable) using COUNT based on TX_HFN and the PDCP SN associated with this PDCP SDU as specified in the subclause 5.7 and 5.6, respectively;
-
increment Next_PDCP_TX_SN by one;

-
if Next_PDCP_TX_SN > Maximum_PDCP_SN:

-
set Next_PDCP_TX_SN to 0;

-
increment TX_HFN by one;

-
submit the resulting PDCP Data PDU to lower layer.
In NB-IoT, if upper layers indicate that the PDCP SDU was the last of a data transaction, the UE shall:
-
generate a Release Indication PDCP control PDU and submit it to lower layers

*** NEXT MODIFIED SECTION ***
6.2.xx
Release Indication PDCP Control PDU

Figure 6.2.xx.1 shows the format of the Release Indication PDCP Control PDU.
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Figure 6.2.xx.1
*** NEXT MODIFIED SECTION ***
6.3.8
PDU type

Length: 3 bits

Table 6.3.8.1: PDU type

	Bit
	Description

	000
	PDCP status report

	001
	Interspersed ROHC feedback packet

	010
	Release Indication

	010011-111
	reserved


*** NEXT MODIFIED SECTION ***
6.3.15
SDDE
Length: 1 bit

Subsequent Downlink Data Expected. Set to 1 if upper layers indicate that a downlink response PDU is expected.

