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Discussion
1 Introduction
An optimised connection release by signalling RRC connection release in NPDCCH was presented in RAN2#99 [1] and it has been further discussed during email discussion [2]. 
In the e-mail discussion, many companies agreed that RRC connection release via DCI is the more efficient than with RRC Connection Release message with HARQ but no RLC poll. The main concerns companies had was level of specification changes required to support RRC connection release using PDCCH and some companies also questioned if there is higher probability of state mismatch with DCI method versus RRC message method. This paper assesses these two main concerns.
2 Performance comparison
The message sequence for RRC connection release with message and PDCCH DCI are shown in Figure 1. On both cases it is assumed UE returns to idle immediately after transmission of HARQ feedback (message labelled 2)
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Figure 1 Two RRC connection release methods
In Figure 1(a) there are two points of failure while in Figure 1(b) there are three points of failure.

UE fails to receive PDCCH (message labelled (). In this case UE will remain in connected mode and it would not transmit HARQ (message labelled (). The probability of eNB incorrectly receiving positive ack (messages labelled () is the same for both cases. Therefore, the probability of state mismatch is the same for both schemes.

UE transmits HARQ but eNB fails to decode it as positive HARQ (message (): The probability of HARQ flipping (i.e. ACK to NACK or NACK to ACK) is the same for both cases hence probability of state mismatch is also the same due this.
UE fails to decode PDSCH (message (): The failure rate of PDSCH is 10% (much higher than failure rate of PDCCH of 1%). In this case state mismatch can happen if UE fails to decode PSDCH and NACK transmitted by UE is received as ACK by eNB (assumed to be 0.1%), or UE successfully decodes PDSCH and ACK transmitted by UE is received as NACK by eNB (1%). Hence there is higher probability of state mismatch with method in Figure 1(b).
Observation 1: There is lower, if not same, probability of state mismatch with RRC connection release with DCI than with message method.

3 Potential spec changes
The required conditions for network to use the RRC connection release via PDCCH DCI are:

· UE has indicated it has no more data to send. UE may indicate this using BSR=0 or RAI; and

· eNB has received all RLC data blocks (i.e. there are no missing RLC data blocks).

Under these conditions UE does not need to retransmit any RLC data PDU hence RRC connection can be released. 

RRC Specification changes (36.331)
The RRC connection release indication received in PDCCH DCI is passed to upper layers in the same way the other indications (e.g. systemInfoModification, etws-Indication, etc). Potential RRC spec changes are depicted in in Table 1. 
Table 1 Potential RRC spec changes for handling RRC connection release indication

	5.3.8.2
Initiation

E-UTRAN initiates the RRC connection release procedure either using RRCConnectionRelease message (see subclause 5.3.8.3) or using Direct Indication RRC Connection Release (see subclause 5.3.8.3a) to a UE in RRC_CONNECTED.

5.3.8.3a(New)
Reception of the RRC connection release indication from lower layers

The UE shall:

1>
delay the actions defined in this sub-clause till lower layers indicate that the receipt of the RRC connection release indication has been successfully acknowledged;
1 > Inform all RLC entities All Transmitted RLC data PDUs acknowledged.
1>
perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';

6.x(new)
Direct Indication RRC Connection Release

Direct Indication RRC Connection Release is transmitted on NPDCCH/MPDCCH using C-RNTI. When Direct Indication RRC Connection Release is received, UE shall follow as defined in subclause 5.3.8.3a(New).


Observation 2: RRC specification changes required to support RRC connection release via DCI are not significant.

RLC Specification changes (36.322)
Upon receiving Direct Indication RRC Connection Release, the RLC entity assumes all RLC data PDUs transmitted over the radio interface have been successfully received by the eNB. The actions on RLC when it receives an indication from RRC that all transmitted RLC data PDUs have been acknowledged needs to be defined. An example of RRC spec changes are depicted in Table 2.
Table 2 Potential RLC spec changes for handling RRC indication

	5.2.2.2a(new)
Reception of All Transmitted RLC data PDUs acknowledged
Upon reception of All Transmitted RLC data PDUs acknowledged indication from RRC, the transmitting side of an AM RLC entity shall:

-  stop and reset t-PollRetransmit.
-  consider as if STATU PDU is received with ACK_SN = VT(S) with no NACK-SN and update state variables as defined in subclause 5.1.3.1.1.


Observation 2: RLC specification changes required to support RRC connection release via DCI are not significant.
MAC Specification changes (36.321)

The impact on MAC specification depends on the solution RAN1 selects to acknowledge reception of PDCCH DCI commanding release of RRC connection. Here we consider the impact of two possible methods proposed in [1]to send such acknowledgements.
Using PDCCH Order

In this case there is no change to MAC specification expected as the behavior to send PRACH in response to PDCCH order defined in MAC specification is sufficient.

Using HARQ
If RAN1 decides to use HARQ mechanism at PHY to acknowledge successful reception of RRC connection release indication in PDCCH DCI then MAC specification changes are required. To minimize impact to MAC specification and not impact the existing HARQ mechanism, it is proposed to define separate requirements to transmit HARQ to acknowledge reception of release indication in PDCC DCI HARQ. There are no timers or retransmission requests (i.e. negative acks) associated with this HARQ process hence from MAC perspective it is a much simpler than HARQ operation associated with DL-SCH. Example changes needed in MAC specification are shown in Table 3.
Table 3 Example MAC spec changes for handling HARQ for PDCCH DCI acknowledgement

	5.22(new)
HARQ for PDCCH DCI Acknowledgement
For NB-IoT UEs, the eNB may transmit RRC connection release command in PDCCH addressed with C-RNTI and provide resources for transmisison of acknoledgement. Upon reception of such a PDCCH, UE shall:
-
generate a positive acknowledgement (ACK) of the successful reception of PDCCH carrying RRC connection release command.


Observation 3: MAC specification changes required to support RRC connection release via DCI are not significant.
PDCP Specification changes (36.323)

There is no impact for seen on PDCP (36.323) specification.
4 Summary
This document identifies the potential changes to RAN2 specification and an example of RRC, RLC and MAC specification changes to support connection release via PDCCH DCI are demonstrated.
Observation 1: 
There is lower, if not same, probability of state mismatch with RRC connection release with DCI than with message method.

Observation 2: 
RRC specification changes required to support RRC connection release via DCI are not significant.

Observation 3: 
MAC specification changes required to support RRC connection release via DCI are not significant.
Proposal 1: Given RRC connection release via PDCCH DCI is considered to be most efficient of the proposed methods and as reliable as message based scheme, RAN2 should agree to support this method if RAN1 confirms its feasible.

Proposal 2: Send LS to RAN1 to request feasibility of RRC connection release indication in DCI. And if feasible then decide on the method to send acknowledgment of reception of PDCCH with RRC connection release indication.
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