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1	Introduction
In RAN2#105, it was discussed whether AS RAI should be introduced for User Plane CIoT EPS optimization Please see the meeting minutes below for the related discussion:

R2-1902197	RRC release after EDT for User Plane CIoT EPS optimization	Ericsson	discussion	LTE_eMTC4-Core, NB_IOTenh2-Core
· LG supports the proposal in principle, but wonders if this can also be done if NAS RAI information can be provided to the eNB from MME.
· Intel wonders whether segmentation should also be supported considering that it has already been discussed whether more data can be transmitted when EDT is initiated. Ericsson explains that this is not about UL, it is about DL.
· QC explains that when rai-activation is configured, BSR equal to zero means that UE does not have any more data to send or expect ant data in the DL.
· Ericsson agrees and thinks that it would be also useful to have such indication in case the UE expects data in the DL.
· QC thinks that this is a new feature which should not be specified in Rel-15. Ericsson wonders if it is possible to introduce the feature in Rel-16.
· Sierra Wireless supports the proposal in principle and explains that they have a proposal with a similar purpose.
· Gemalto thinks this may be introduced in Rel-16 and RAN2 may have an email discussion to discuss the details.
Noted. The discussion may continue within the context of Rel-16.

In RAN2#170bis, an agreement was made following the discussion below:
AS RAI
R2-1912849	Access Stratum Release Assistance Indicator for eMTC and NB-IoT connected to 5GC 	Qualcomm India Pvt Ltd	discussion	Rel-16	LTE_eMTC5-Core
· LG and ZTE wonders if the legacy BSR=0 can be used. Huawei think this currently would not support. QC think it would require additional bits and so would not be possible so RRC would be the logical way. 
· Ericsson agree the legacy BSR is not enough, but it may not be necessary to use RRC.
· QC think that if TBS is not large enough then MAC cannot be used in Msg3. 
· Huawei prefer MAC so that we avoid impacting many RRC messages. Ericsson agree.
· QC wonder if we use the same LCID to indicate 2 different values then would we need a codepoint for whether CQI is reported. Huawei think we already have a codepoint which indicates no measurement.
· Huawei think also there is only 1 spare bit in Msg3 for non-EDT case. ZTE think this is for UP solution only and in which case the UE would send this when establishing a connection. Huawei think this is needed for EDT case.
· QC think whatever we agree there should be a single method for all the cases. Ericsson think we just need to introduce and no need to discuss which cases it is supported. Intel think we need to. QC think there is no new procedures needed from CN point of view. Nokia think there is no need to indicate at both NAS and AS, so it is perhaps not needed for the CP case. Huawei think that this is correct but can send only the AS indication if it is applicable. ZTE also don’t want 2 indications with possibly conflicting meaning.
· Intel wonders what the RAI is used for.


	Agreements: 

· Introduce a MAC mechanism with 2 bits for RAI




 
In this contribution we discuss further details for AS RAI for both Control and User Plane CIoT EPS optimizations.
2	Discussion
2.1 EDT for CP Optimization
Early data transmission (EDT) procedure for Control Plane CIoT EPS optimization is illustrated in Figure 1 below (subclause 7.3b.1 in [1]).
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Figure 1: EDT for Control Plane CIoT EPS Optimizations

The eNB may indicate to MME that connection is triggered for EDT with the S1-AP Initial UE message. If downlink data is available, S-GW sends the downlink data to MME. When data is received, MME forwards the data to the eNB via DL NAS Transport procedure. It may trigger Connection Establishment Indication procedure and/or indicate whether further data is expected.
[bookmark: _Hlk1088036]In mobile originated data transport using Control Plane CIoT EPS Optimisation, UE establishes a RRC connection or sends the RRCEarlyDataRequest (EDT) message. The UE may also indicate Release Assistance Information in the NAS PDU (NAS RAI) whether no further uplink or downlink data transmissions are expected, or only a single downlink data transmission (e.g. acknowledgement or response to uplink data) subsequent to this uplink data transmission is expected.
If no downlink data is expected based on the Release Assistance Information from the UE, this means all application layer data exchanges have been completed with the UL data transfer, and if MME is not aware of any pending MT traffic and S1-U bearers are not established, MME may signal the S1-AP UE Context Release Command to the eNB.
If the Release Assistance Information was received with uplink data and it indicated that downlink data was expected, it means downlink packet following the transmission of Release Assistance Information is the last packet of the application layer data exchange. For this case, unless MME is aware of additional pending MT traffic and S1-U bearers are established, MME sends a S1 UE Context Release Command immediately after the S1-AP message including the downlink data encapsulated in NAS PDU as an indication that eNB shall release the RRC connection promptly after successfully sending data to the UE.
If "EDT Session" indication was received, it is also possible that MME includes the ”end indication” for no further data in the S1-AP message including the downlink data encapsulated in NAS PDU.

[bookmark: _Toc21053361]MME has access to information, e.g., MT data/signalling awareness and NAS RAI, to make the decision to send the S1 UE Context Release Command to the eNB.

[bookmark: _Hlk4723545]2.2 EDT for UP Optimization
[bookmark: _Hlk1090965]Early data transmission (EDT) procedure for User Plane CIoT EPS optimization is illustrated in Figure 2 below (subclause 7.3b.2 in [1]).



Figure 2: EDT for User Plane CIoT EPS Optimizations
[bookmark: _Hlk4723609]The UE sends the RRCConnectionResumeRequest message to the eNB, including its Resume ID, establishment cause, and an authentication token. The UE resumes all SRBs and DRBs, derives new security keys using the NextHopChainingCount provided in the RRCConnectionRelease message of the previous connection and re-establishes the AS security. The user data is ciphered and transmitted on DTCH multiplexed with the RRCConnectionResumeRequest message on CCCH. However, it is not possible for the UE to provide an indication similar to the Release Assistance Information in NAS PDU whether no further uplink or downlink data transmissions are expected, or only a single downlink data transmission (e.g. acknowledgement or response to uplink data) subsequent to this uplink data transmission is expected.

[bookmark: _Toc21053362]There is no RAI in AS layer to indicate whether no further UL/DL data transmissions or a single DL data transmission are expected.

The MME confirms the UE context resume to the eNB and it is aware of any MT-signalling/data that may have been received previously. But MME may not be aware of the service and does not know if there will be DL data triggered at this point.
If no further data is expected from the S-GW, eNB can initiate the suspension of the S1 connection and the deactivation of the S1-U bearers. Neither the eNB nor the MME has any knowledge if there will be data in the DL to transmit or if DL data will be triggered with the transmission in the UL. Therefore, there is no reason for MME to provide the “pending” flag in S1 suspend response in this case. Note that eNB may also decide to release the UE completely and S1 UE context Release Request may be sent.
For User Plane CIoT EPS optimization, it is not clear how eNB can make the decision after Msg3 (i.e. RRC Connection Resume Request) if the RRC connection can be released/suspended with Msg4 (i.e. RRC Connection Release), or RRC connection shall be established with Msg4 RRC Connection Resume. AS RAI is not reflected in EDT for UP CIoT EPS optimisation. If UE uses the EDT as an implicit AS RAI indication in itself (e.g. for a single UL packet), the flow provided in [1], which shows DL data, is not correct. Furthermore, it is not clear how eNB can distinguish dual UL+DL packet from single packet and from transmissions that will generate multiple packets.

2.3 Release Assistance for CIoT EPS Optimizations
RAI has been introduced in RAN2 implicitly, however the captured mechanism is a pure “UL buffer empty” indication which does not originate with application layer information and it does not support the RAI values defined for NAS. To support eNB to make the RRC connection handling decision as early as possible, RAN2 has agreed to introduce AS RAI from UE to RAN. with values similar to the ones defined for NAS. In RAN2#107bis, it was agreed to introduce a MAC mechanism with 2 bits for RAI when UE is connected to 5GC, however it is FFS how those bits are defined. Considering that the same mechanism would also be beneficial when UE is connected to EPC, we propose the following:

[bookmark: _Toc1108932][bookmark: _Toc24069423]Introduce a MAC mechanism with 2 bits for RAI when connected to EPC.

[bookmark: _Hlk4726564][bookmark: _Hlk4726528]The UE may include this parameter to inform the network whether
a)   no subsequent DL and UL data transmission is expected; or
b)   a single subsequent DL transmission is expected; or
c)   multiple subsequent data transmissions are expected in the DL and/or UL. 
[bookmark: _GoBack]
Regarding the 3rd bullet; note that there is a difference between knowing that there will be multiple transmissions, i.e.  (i.e. the (ng-)eNB should move the UE to connected mode, and not knowing anything. In NAS RAI which has been specified in TS 24.301, no indication would be sent if multiple packets are expected.

[bookmark: _Toc24069424]AS RAI informs the network whether a) no subsequent DL and UL data transmission is expected; or, b) a single subsequent DL transmission is expected; or c) multiple subsequent data transmissions are expected in the DL and/or UL.

Considering that such information would be beneficial it would be good to introduce AS RAI for the following procedures: UP and CP CIoT optimizations, EDT and PUR. Note that for PUR transmission it has been agreed that for CP solution AS RAI is not included, so this would only apply to the UP solution.

[bookmark: _Toc24069425]Introduce AS RAI for UP and CP CIoT optimizations, EDT and UP-PUR.

2.4 Reporting the Release Assistance Information
To inform the network about the cases mentioned above, 3 code points are needed which would require 2 bits. The question was whether those bits, which would indicate AS RAI, should be provided in MAC or RRC. In RRCConnectionResumeRequest message, for both EDT and non-EDT, only 1 spare bit is available. For RRCEarlyDataRequest message, 2 spare bits can easily be allocated for AS RAI. There is also 1 spare bit in the MAC sub header, but it needs to be combined with the spare bit in RRC to create the 2-bit parameter for the indication. However, such combination was not preferred considering architectural design principles regarding the layers. Another possibility was to extend the RRC connection resume request message or to introduce a new MAC sub header for this 2-bit indication.
In RAN#107bis, it was agreed to introduce a MAC mechanism. If a new MAC CE with a fixed length is introduced, a new LCID value is needed for the corresponding MAC sub header. Considering that reserved LCID values are quite limited, one may consider sharing the LCID value in the corresponding MAC sub header with one of the existing LCID values or use eLCID which would require even larger TBS, e.g. 24 bits instead 16 bits, due to the larger MAC sub header required. For the former option, one can consider sharing the LCID value with the one used for MAC CE which has been introduced to provide the quality report in Msg3. This is possible considering that there are 4 spare bits in that MAC CE of which 2 spare bits can be used for AS RAI. However, this would couple these features unnecessarily so in order to avoid that either the 2 other spare bits or one other spare bit and 1 (unused) code point in the parameter for AS RAI can be used, e.g. R = 0 and codepoint 00 would indicate only quality report, whereas with any of the other codepoint would indicate both quality report and AS RAI are provided. R = 1 would indicate no quality report which would mean only AS RAI is provided if any of the non-zero codepoints is used.

[bookmark: _Toc24069426]AS RAI is provided in a MAC CE shared with the quality report.

Please see the corresponding draft CR in [2].

2.5 Enabling RAI and UE capability information
For EPS, indication of whether AS RAI is enabled in a cell can be provided in system information broadcast whereas for 5GS, AS RAI can always be enabled, i.e., there is no need to provide any indication in system information broadcast.

[bookmark: _Toc24069427]For EPS, introduce indication in SIB2 (SIB2-NB) if AS RAI is configured in the cell.


[bookmark: _Toc24069428]For 5GS, AS RAI is always enabled for UEs (NB-IoT or LTE-M) connected to 5GC.

It should be optional for a UE to support AS RAI without capability reporting.

[bookmark: _Toc24069429]It is optional for a UE to support AS RAI without capability reporting.

The proposals above are applicable for both NB-IoT and LTE-M UEs.

3	Conclusion
In this contribution RRC release assistance indication is discussed for Control and User Plane CIoT EPS optimizations. The following observations were made: 
Observation 1	MME has access to information, e.g., MT data/signalling awareness and NAS RAI, to make the decision to send the S1 UE Context Release Command to the eNB.
Observation 2	There is no RAI in AS layer to indicate whether no further UL/DL data transmissions or a single DL data transmission are expected.

Based on the discussion in the sections above we propose the following:

Proposal 1	Introduce a MAC mechanism with 2 bits for RAI when connected to EPC.
Proposal 2	AS RAI informs the network whether a) no subsequent DL and UL data transmission is expected; or, b) a single subsequent DL transmission is expected; or c) multiple subsequent data transmissions are expected in the DL and/or UL.
Proposal 3	Introduce AS RAI for UP and CP CIoT optimizations, EDT and UP-PUR.
Proposal 4	AS RAI is provided in a MAC CE shared with the quality report.
Proposal 5	For EPS, introduce indication in SIB2 (SIB2-NB) if AS RAI is configured in the cell.
Proposal 6	For 5GS, AS RAI is always enabled for UEs (NB-IoT or LTE-M) connected to 5GC.
Proposal 7	It is optional for a UE to support AS RAI without capability reporting.
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