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1. Introduction
Power saving and signalling load reduction have been recognised as important aspects for work on diverse data application. Keeping UEs in connected mode could be useful for overall signalling reduction depending on the nature of traffic and mobility pattern of the UE. In this contribution, we discuss a way of signalling overhead reduction when releasing RRC connection of UEs who’s TAT has expired.   This can facilitate keeping a large number of UEs in connected mode.
Some UEs in the current network are connected to the network however TAT may have been expired. After expiry of RRC connection release timer or when the network needs to release the connection of such a UE, there is a need to bring the UE to UL sync prior to transmission of the RRC connection release message. In order to bring the UE to UL sync, RA procedure required to be performed. Enabling of reception of RRCConnectionRelease message while in UL out-of sync achieved fast RRC connection release and the same time reduced signalling overhead.

There is potential ambiguity in the standard that whether there is a need to bring the UE to UL sync prior to transmitting the RRC connection release message. In this contribution we analyse the different interpretations of the specification and the consequences. 
2 Discussion 
TimeAlignmentTimer is configured to control how long the UE is considered uplink time aligned. When the TimeAlignmentTimer is not running the UE shall not perform any uplink transmission except the Random Access Preamble transmission. Upon the expiry of TimeAlignmentTimer, the UE is required to

· flush all HARQ buffers;

· notify RRC to release PUCCH/SRS;

· clear any configured downlink assignments and uplink grants.

Given that UE procedure is specified for expiry of TimeAlignmentTimer, there is a possibility that the network may not update TA for some RRC_Connected UEs and let the UE’s TimeAlignemntTimer to expire. The user can remain in RRC connected state without time alignment, and if later the user has data to transmit or receive, it can quickly re-obtain UL time alignment and resume data communication by performing a RACH procedure thereby avoiding the signalling associated with the Idle to active transition. 

Observation 1: there is possibility that TimeAlignmentTimer is expired while in RRC_connected to the network.

If the uplink data arrived while TAT is expired, the UE is required to initiate RA procedure prior to the UL transmission. If downlink data is arrived for the UE who’s TimeAlignmentTimer expired, the network can update the UEs timing advanced by initiating RA procedure based on PDCCH order. The following steps are required to be performed prior to the downlink data transmission for a UE’s who TAT has been expired.
1). Transmission of PDCCH order by the network

2). RA procedure by PDCCH order performed by the UE

3). TA updates 

4). PUCCH configuration

Situation may occur such that the RRC connection of a UE with expired TAT may require to be released. This may happen due to the expiry of the dormancy timer at the network or due to the network decision to release the UE. 

If the UE is required to maintain UL time alignment with eNB in order to receive RRCConenctionRelease message, the above list of procedures (PDCCH order, RA procedure, TA updates and PUCCH configuration) should be performed to update UE’s TA prior to the transmission of RRCConenctionRelease. Upon the reception of RRCConenctionRelease, the UE releases the configured radio resources. 

On the other hand, if the UE is able to receive RRCConnectionRelease message while TAT is expired, the procedure required to update TA can be avoided. This results in reduced signalling as well as fast RRC connection release.

Observation 2: if the UE is able to receive RRCConenctionRelease while TAT is expired, reduced signalling and fast RRC connection release can be achieved. 
While the UE’s TAT is expired, the UE is at least required to receive PDCCH order, RA response and contention resolution message in downlink. Even though the transmission of HARQ feedback is not possible when TAT is expired, the UE receiving a DSCH is not avoided in the specification (please see the highlighted section quoted from MAC spec in Annex A).  If the UE receives RRCConncetionRelease correctly in the first transmission, the UE is able to process the message from L1 to RRC layer and reacts by releasing the connection.
If the first transmission of RRCConenctionRelease is not correctly received by the UE, there is potential for mis-alignment of connection state at the network and the UE. ie. the network considered the UE is in RRC_Idle while the UE considered it is RRC_Connected. If at a later point, the UE need to access for UL transmission to the network, it initiates a RA procedure. As the UE is considered to be RRC_Connected, the UE’s C-RNTI will be transmitted in message 3 where the network identify the C-RNTI is invalid. Upon the failure of RACH recovery, RRC connection re-establishment attempt, the UE will consequently go to RRC_Idle. For this process to work, the network should reserve the C-RNTI for a period of time after RRC connection release. If DL data is arrived for the UE, as the network considered the UE is in RRC_Idle, paging procedure is performed. The UE may not be listening to UE specific paging as it is considered to be in RRC_Connected. To mitigate any mis-alignment between the network and the UE, RRCConnectionRelease is required to be sent with improved reliability.

In order to improve the reliability of RRCConnectionRelease and to avoid the any UL transmission by the UE with out-of-UL-TA, repetition of RRCConenctionRelease message could be considered. Also considering the small size of RRCConectioRelease, the message could be transmitted with conservative MCS and high transmit power for reliable transmission. Both approaches do not impact the current specification.
Proposal 1: RAN2 is requested to confirm that the UE is able to receive the first transmission on DSCH when TAT is expired.

Proposal 2: If Proposal 1 is not confirmed, it is proposed to enable the reception of RRCConenctionRelease message by the UE’s with expired TAT. This will reduced the signalling overhead and enable fast RRC connection release. 

3 Conclusion 
In this contribution, we have discussed a potential ambiguity in the specification whether the UE is able to receive RRCConnectionRelease while TAT is expired. RAN2 is requested to confirm that the UE is able to receive data on DSCH while out-of-UL-TA. 
Observation 1: there is possibility that TimeAlignmentTimer is expired while in RRC_connected to the network.

Observation 2: if the UE is able to receive RRCConnectionRelease while TAT is expired, reduced signalling and fast RRC connection release can be achieved. 
Proposal 1: RAN2 is requested to confirm that the UE is able to receive the first transmission on DSCH when TAT is expired.

Proposal 2: If Proposal 1 is not confirmed, it is propose to enable the reception of RRCConnectionRelease message by the UE’s with expired TAT. This will reduced the signalling over head and enable fast RRC connection release. 

4 Annex A
5.3
DL-SCH data transfer

5.3.1
DL Assignment reception

Downlink assignments transmitted on the PDCCH indicate if there is a transmission on a DL-SCH for a particular UE and provide the relevant HARQ information.

When the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the UE shall for each TTI during which it monitors PDCCH and for each Serving Cell:

-
if a downlink assignment for this TTI and this Serving Cell has been received on the PDCCH for the UE’s C-RNTI, or Temporary C‑RNTI:

-
if this is the first downlink assignment for this Temporary C-RNTI:

-
consider the NDI to have been toggled.

-
if the downlink assignment is for UE’s C-RNTI and if the previous downlink assignment indicated to the HARQ entity of the same HARQ process was either a downlink assignment received for the UE’s Semi-Persistent Scheduling C-RNTI or a configured downlink assignment:

-
consider the NDI to have been toggled regardless of the value of the NDI.

-
indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this TTI.
-
else, if this Serving Cell is the PCell and a downlink assignment for this TTI has been received for the PCell on the PDCCH of the PCell for the UE’s Semi-Persistent Scheduling C-RNTI:

-
if the NDI in the received HARQ information is 1:

-
consider the NDI not to have been toggled;

-
indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this TTI.

-
else, if the NDI in the received HARQ information is 0:

-
if PDCCH contents indicate SPS release:

-
clear the configured downlink assignment (if any);

-
if timeAlignmentTimer is running:

-
indicate a positive acknowledgement for the downlink SPS release to the physical layer.
-
else:

-
store the downlink assignment and the associated HARQ information as configured downlink assignment;

-
initialise (if not active) or re-initialise (if already active) the configured downlink assignment to start in this TTI and to recur according to rules in subclause 5.10.1;

-
set the HARQ Process ID to the HARQ Process ID associated with this TTI; 

-
consider the NDI bit to have been toggled;

-
indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity for this TTI.

-
else, if this Serving Cell is the PCell and a downlink assignment for this TTI has been configured for the PCell and there is no measurement gap in this TTI; and
-
if this TTI is not an MBSFN subframe of the PCell or the UE is configured with transmission mode tm9 on the PCell:
-
instruct the physical layer to receive, in this TTI, transport block on the DL-SCH according to the configured downlink assignment and to deliver it to the HARQ entity;

-
set the HARQ Process ID to the HARQ Process ID associated with this TTI; 

-
consider the NDI bit to have been toggled;

-
indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity for this TTI.

For configured downlink assignments, the HARQ Process ID associated with this TTI is derived from the following equation:

HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalDL)] modulo numberOfConfSPS-Processes,
where CURRENT_TTI=[(SFN * 10) + subframe number].

When the UE needs to read BCCH, the UE may, based on the scheduling information from RRC:

-
if a downlink assignment for this TTI has been received on the PDCCH of the PCell for the SI-RNTI;

-
if the redundancy version is not defined in the PDCCH format:

-
the redundancy version of the received downlink assignment for this TTI is determined by RVK = ceiling(3/2*k) modulo 4, where k depends on the type of system information message: for SystemInformationBlockType1 message, k = (SFN/2) modulo 4, where SFN is the system frame number; for SystemInformation messages, k=i modulo 4, i =0,1,…, nsw–1, where i denotes the subframe number within the SI window nsw;

-
indicate a downlink assignment and redundancy version for the dedicated broadcast HARQ process to the HARQ entity for this TTI.

1.1.1. 5.3.2
HARQ operation

1.1.1.1. 5.3.2.1
HARQ Entity

There is one HARQ entity at the UE for each Serving Cell which maintains a number of parallel HARQ processes. Each HARQ process is associated with a HARQ process identifier. The HARQ entity directs HARQ information and associated TBs received on the DL-SCH to the corresponding HARQ processes (see subclause 5.3.2.2).

The number of DL HARQ processes per HARQ entity is specified in [2], clause 7.

When the physical layer is configured for downlink spatial multiplexing [2], one or two TBs are expected per subframe and they are associated with the same HARQ process. Otherwise, one TB is expected per subframe.

The UE shall:

-
If a downlink assignment has been indicated for this TTI:

-
allocate the TB(s) received from the physical layer and the associated HARQ information to the HARQ process indicated by the associated HARQ information.

-
If a downlink assignment has been indicated for the broadcast HARQ process:

-
allocate the received TB to the broadcast HARQ process.

NOTE:
In case of BCCH a dedicated broadcast HARQ process is used.

1.1.1.2. 5.3.2.2
HARQ process

For each subframe where a transmission takes place for the HARQ process, one or two (in case of downlink spatial multiplexing) TBs and the associated HARQ information are received from the HARQ entity.

For each received TB and associated HARQ information, the HARQ process shall:

-
if the NDI, when provided, has been toggled compared to the value of the previous received transmission corresponding to this TB; or

-
if the HARQ process is equal to the broadcast process and if this is the first received transmission for the TB according to the system information schedule indicated by RRC; or

-
if this is the very first received transmission for this TB (i.e. there is no previous NDI for this TB):

-
consider this transmission to be a new transmission.
-
else:

-
consider this transmission to be a retransmission.
The UE then shall:

-
if this is a new transmission:

-
replace the data currently in the soft buffer for this TB with the received data.

-
else if this is a retransmission:

-
if the data has not yet been successfully decoded:

-
combine the received data with the data currently in the soft buffer for this TB.

-
if the TB size is different from the last valid TB size signalled for this TB:

-
the UE may replace the data currently in the soft buffer for this TB with the received data.

-
attempt to decode the data in the soft buffer for this TB;

-
if the data in the soft buffer was successfully decoded for this TB:

-
if the HARQ process is equal to the broadcast process:

-
deliver the decoded MAC PDU to upper layers.

-
else if this is the first successful decoding of the data in the soft buffer for this TB:

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity.

-
generate a positive acknowledgement (ACK) of the data in this TB.

-
else:

-
generate a negative acknowledgement (NACK) of the data in this TB.

-
if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not yet successful (see subclause 5.1.5); or

-
if the HARQ process is equal to the broadcast process; or

-
if timeAlignmentTimer is stopped or expired:

-
do not indicate the generated positive or negative acknowledgement to the physical layer.

-
else:

-
indicate the generated positive or negative acknowledgement for this TB to the physical layer.

The UE shall ignore NDI received in all downlink assignments on PDCCH for its Temporary C-RNTI when determining if NDI on PDCCH for its C-RNTI has been toggled compared to the value in the previous transmission.

1.1.2. 5.3.3
Disassembly and demultiplexing

The UE shall disassemble and demultiplex a MAC PDU as defined in subclause 6.1.2.
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