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1
Introduction

Discussion for the necessity of maintaining uplink synchronization throughout the RRC_CONNETCTED state for LTE has been brought up (e.g. [1]). In this document, we present our view regarding this issue.
2
Discussion
2.1 Uplink synchronization in RRC_CONNECTED state
UL timing must be synchronized in LTE in order to maintain orthogonality between users. While UL transmission is active, the eNB can make sure that UL synchronization is maintained by measuring the UL reception timing and adjusting the UE’s transmission timing if necessary with the use of Timing Advance (TA) commands sent as MAC control PDUs. It is suggested that the eNB measures the UL reception timing from the periodically transmitted sounding reference signal [2]. However, during RRC_CONNECTED DRX/DTX operations it is probably desirable for the UEs to not transmit sounding reference signals from the battery saving perspective, especially for long DRX/DTX periods. In this case, UL synchronization maintenance would not be guaranteed as UL transmission is inactive. Therefore, a mechanism that ensures that UL synchronization is obtained before resuming DL/UL transmission after long UL transmission inactivity is necessary. The rest of the document focuses on this issue.
2.2 Issues that needs to be clarified
It is necessary for eNB MAC (packet scheduler) to recognize if UL synchronization is maintained or not in order to resume DL data transmission after long UL transmission inactivity. If eNB MAC assumes UL synchronization is lost, it shall initiate the TA procedure to make sure that it can receive the HARQ-Ack when it resumes DL transmission.
Likewise, it is necessary for UE MAC to recognize if UL synchronization is maintained or not in order to resume UL data transmission after long UL transmission inactivity. If UE MAC assumes UL synchronization is lost, it shall initiate the TA procedure to make sure that its UL transmission can be received by the eNB.
Criteria for uplink synchronization loss estimation
It is necessary for both eNB and UE to estimate whether UL synchronization is kept or lost in order to decide the necessity of the TA procedure prior to resuming DL and UL transmission after long UL transmission inactivity, respectively. Therefore, criteria for determining UL synchronization status needs to be clarified.
For the eNB, the simplest criterion would be the elapsed time since the last transmission of a TA command. That is, the eNB starts a timer with the transmission of a TA command and assumes that UL synchronization is no longer guaranteed after the timer expires. For the UE, it is also thought that the simplest criterion would be the elapsed time since the last reception of a TA command. It is noted, however, that the criterion is rather an implementation issue for the eNB. At this time, if the eNB wishes to, it should be possible for the eNB to explicitly indicate to the UE via RRC release of any dedicated uplink resources that was configured for sounding reference signal, CQI reporting, scheduling request, etc.
Figure 1 shows the TA procedure (named UL re-synch in the figure) being performed before resuming transmission after long UL transmission inactivity as a result of this timer expiry.
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Figure 1: Criteria for determining UL synchronization loss.
Although the appropriate value of the timer is ideally determined by the UE velocity, guard interval length, and so on, it should be in the order of several hundreds of msec. The timer value shall be signaled by RRC.
Procedure and signals used for recovering UL synchronization
If eNB or UE assumes the UL synchronization is lost, TA procedure is necessary before resuming data transaction. 
For the DL transmission to resume, the UL re-synchronization procedure requires 3 steps as shown in the Figure 2(a). As a premise, the eNB should reserve one or a pool of Random Access (RA) preambles that would not be used for contention based random access procedures. In the first step, the eNB transmits a “UL synch request” which indicates a RA preamble within the reserved pool, and requests the UE to transmit over the asynchronous random access channel. Then in the second step, the UE sends the RA preamble indicated in the “UL synch request” over the asynchronous random access channel. In the first step, the eNB should not transmit multiple “UL synch requests” indicating the same RA preamble to multiple UEs at the same time, so that it can unambiguously identify the UE who sends the RA preamble. Finally in the third step, the eNB prepares a TA command appropriately after measuring the RA preamble reception timing, and transmits this to the UE using the MAC control PDU.
For the UL transmission to resume, the UL re-synchronization procedure requires 3 steps as shown in the Figure 2(b). In the first step, the UE transmits a RA preamble that is not within the reserved pool (i.e. an RA preamble that is used for contention based random access procedure) over the asynchronous random access channel. Then in the second step, the eNB prepares a TA command appropriately after measuring the RA preamble reception timing, and transmits this to the UE using the Random Access (RA) response. In addition, the RA response will include a UL grant. Finally in the third step, together with a buffer status report, the UE indicates its C-RNTI using the UL-SCH resources allocated by the UL grant in RA response so that the eNB can identify the UE and allocate subsequent UL-SCH resources appropriately.
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Figure 2: Uplink re-synchronization procedures
3
Proposal

We propose to agree on the UL re-synchronization procedure described in this document that should be performed prior to resuming UL/DL data transfer after long UL transmission inactivity. We outline the basic proposals below:

Procedure to detect UL synchronization loss during long UL transmission inactivity

· Detection by eNB is up to eNB implementation.

· Detection by UE should be based on a timer signalled from eNB via RRC.

· UE should (re)start the timer after receiving a Timing Advance (TA) command

· UE should detect UL synchronization loss when the timer expires

Procedure prior to resuming DL transmission after detecting UL synchronization loss during UL transmission inactivity

· [Step 0] eNB reserves one or a pool of Random Access (RA) preambles that would not be used for contention based random access procedures.

· [Step 1] eNB transmits a “UL synch request” indicating a RA preamble within the reserved pool.

· [Step 2] UE transmits the RA preamble indicated in the “UL synch request” over the asynchronous random access channel.

· [Step 3] eNB transmits a MAC control PDU which signals the TA command.

· [Step 4] DL transmission can resume.
Procedure prior to resuming UL transmission after detecting UL synchronization loss during UL transmission inactivity

· [Step 1] UE transmits a RA preamble that is not within the reserved pool (i.e. an RA preamble that is used for contention based random access procedure) over the asynchronous random access channel.

· [Step 2] eNB transmits a Random Access (RA) response which signals the TA command and UL grant along with other information (i.e. RA preamble signature and Temporary C-RNTI).

· [Step 3] UE indicates its C-RNTI to the eNB using the UL-SCH resources allocated by the UL grant in RA response.

· [Step 4] UL transmission can resume.
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