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1
Introduction

During last RAN2 #57bis meeting, how to maintain UL synchronisation was discussed. As a basic mechanism, it was agreed that a timer based approach is assumed. I.e., the UE would consider itself out of synch. after the expiry of some timer (hereafter UL synch. timer) at the UE[1]. However, the detailed scheme is yet unclear.

In this contribution, we present our view regarding this issue. We focus on the following issues important to discuss to design UL synch. maintenance scheme: 

- When does the UE start UL synch. timer?
- Should the dedicated uplink resources be released for long DRX UEs?
- How to transmit TA (Timing Advance) commands?
2
Discussion
2.1 When does the UE start UL synch. timer?
Two alternatives were mentioned during the last meeting. 
Alt.1: The UE starts the UL synch. timer when it receives a TA command;
Alt.2: The UE starts the UL synch. timer when it transmits any uplink transmission;
In [2], we assumed alt.1 for the UE to judge if it keeps UL synchronization. However, one concern such as the increase of the RACH procedure due to its pessimistic timer expiry was raised for alt.1 in the last meeting.
Therefore, we review the pros and cons of those two alternatives from the RACH overhead reduction viewpoint. Comparison of two alternatives is summarized in Table1. We assumed cell specific UL synch. timer is configured so that worst case (i.e. highest UE velocity) is handled. In [3], we have proposed to employ the sounding reference signal for uplink timing measurement as accurate timing measurement is achieved due to wideband transmission. Therefore we assume uplink transmission used for alt.2 is sounding reference signal.

Table 1: Comparison of alternatives
	
	Alt.1
	Alt.2

	Principle
	The UE starts UL synch. timer when it receives a TA command. Then the UE assumes UL synch. is lost after expiry of the timer. When UE detects UL synch. loss it performs the RACH procedure to obtain UL synch.
	The UE starts the UL synch. timer when it transmits sounding reference signal. Then, the UE assumes UL synch is maintained as long as transmission interval of sounding reference signal is shorter than the timer.

	RACH load
	UL synch. timer expires when a new TA command is not received, which results in a RACH procedure.
	UL synch. timer does not expire as long as the transmission interval of sounding reference signal is shorter than the UL synch. timer, and therefore does not result in a RACH procedure

	The role of a TA command
	1) To synchronize UL timing when UL timing drift is detected

2) To minimize RACH procedure when UL timing has not drifted (i.e. eNB sends TA command before timer expiry at UE), but this increases TA command load
	1) To synchronize UL timing when UL timing drift is detected



	Impact of TA loss
	1) When UL timing has drifted, it leads to non-synchronized UL timing, but this can be corrected by sending another TA command

2) When UL timing has not drifted, it leads to unnecessary RACH procedure.
	1) When UL timing has drifted, it leads to non-synchronized UL timing, but this can be corrected by sending another TA command




From the comparison, we conclude that alt.1 would need more resources for either RACH load or TA command than alt.2. Therefore, we think UL synch. timer should start for every sounding reference signal transmission.
Proposal 1: The UE (re-)starts UL synch. timer after every sounding reference signal transmission or every TA reception.
2.2 Should the dedicated uplink resources be released for long DRX UE?
We assume that long DRX period is configured in the order of several hundreds of msec to seconds to achieve efficient battery saving effect. In such case, even if it wishes to, the eNB cannot transmit TA command when the UE is sleeping during long DRX period. Then, it might cause uplink synchronization loss especially when the UE is moving with high velocity. Consequently, this will cause uplink interference between UEs if dedicated uplink resources (e.g. for UL sounding reference signal transmission, CQI reporting, scheduling request, etc.) are configured for such UEs. In addition, it was also agreed in the last meeting, that in some cases e.g. long DRX, UE can go out of sync.
Therefore, we propose RAN WG2 to have a common understanding that any dedicated uplink resources that was configured for the UE should be released at least when the UE starts long DRX. It should be studied if this can be done implicitly when inactivity timer at the UE expires so as to trigger transition to long DRX. If implicit release of resources could lead to mismatch of resource allocation status between eNB and UE, then resource release at transition to long DRX should be done explicitly by RRC signalling. In this case, transition to long DRX should also be done explicitly by RRC signalling.
It is FFS if such resources should be released when the UE starts short DRX. It should be judged if the eNB can allocate sufficient uplink dedicated resources for all short DRX UEs.

Proposal 2: Uplink dedicated resources should be released (at least) when the UE starts long DRX.
2.3 How to transmit TA command?
For the transmission of the TA command in the DL, two discussion points are identified.

1. Out-band or in-band signalling (i.e. TA command over PDCCH or over PDSCH (as MAC control PDU))?

2. Support of multiple TA commands for multiple UEs.

As for the first discussion point, we prefer to transmit TA command as a MAC control PDU for the simplicity of the DL PDCCH structure. Defining special L1/L2 control channel format for TA command would introduce further complexity to PDCCH. In addition to this, HARQ can be applied for PDSCH. One may concern the inefficient use of the PDCCH for in-band signalling option (since if only the TA command is to be transmitted, the payload is very small). However, the increase of PDCCH overhead would be negligible as most of the TA commands can be multiplexed with traffic data.

For the second discussion point, it should be judged, if the multiple TA commands need to be supported in one message, based on the expected TA load. Simple estimation shows no multiple TA for multiple UEs would be necessary.

We assume the following:

· There are 600 RRC_connected UEs in a 5 MHz cell.

· 50% of UEs stays in long DRX (we assume they don’t have to maintain UL synch as described in 2.2.)

· All UE transmits TA with a frequency of 0.66 Hz assuming 0.5 us TA granularity and 360km/h UE velocity.

Note that the third assumption is very pessimistic. Even then, the expected TA load would be 200 TA per sec (i.e. 0.2 TA per TTI). Then, it seems an acceptable level for TA signaling load.
In addition to this, multiple TA commands for multiple UEs has some issues. For instance, it would introduce further complexity for UE addressing (i.e. it needs TA-RNTI) and no HARQ can be applied.
Proposal 3: TA command is transmitted as a MAC control PDU.

Proposal 4: TA command multiplexing for different UEs in one message is not necessary.
3
Proposal

We propose to agree on the UL synchronization management described in this document. We summarize the proposal points below:

Proposal 1: The UE (re-)starts UL synch. timer after every sounding reference signal transmission or every TA reception.
Proposal 2: Uplink dedicated resources should be released (at least) when the UE starts long DRX.
Proposal 3: TA command is transmitted as a MAC control PDU.
Proposal 4: TA command multiplexing for different UEs in one message is not necessary.
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