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Introduction

In this paper, we would like to discuss about how to transmit TA command in the DL. 
Discussion
During the last RAN1 meeting in Sorrento, there were some agreements on TA as follows.
When UE has previously established time alignment: 

· TA update rate: on a per-need basis, at most 2 Hz

· Granularity of TA signalling: 0.52us

· 1 step correction

· TA step size: X bits, relative to current UL timing

· What to base the TA command on: 

· When the UE has data to transmit, implementation issue in NodeB (e.g. based on sounding RS, CQI)

· If the UE has no data to transmit, FFS whether e.g. periodic signals such as sounding RS may be ordered

· RACH?

· How to transmit TA in the DL: TBD whether L1L2, in-band (MAC or RRC)

When no TA is established or UE is out of sync

· TA update rate: on a per-need basis

· Granularity of TA signalling: 0.52us

· 1 step correction

· TA step size: Y bits, relative to RACH preamble TX timing (Y may be larger than X and depend on the cell size)

· What to base the TA command on: 

· RACH

· Initial TA will have to cover the full range

· How to transmit TA in the DL: Confirm whether this is part of RACH procedure [in-band (MAC)]

As stated above, how to transmit TA in the DL when the UE has previously established TA was left open. Then, we try to categorize the possibilities as below table 1. It is noted that the method of response to random access preamble for TA in this case is excluded since it may be the same as the cases where no TA is established or UE is out of sync.
	Signalling type
	Categorization 1
	Categorization 2
	Remarks

	DL L1/L2 signalling
	Create new L1/L2 control channel
	
	

	
	Use existing L1/L2, e.g. adding some bits or using some code points
	Scheduling information for downlink data transmission
	

	
	
	ACK/NACK in response to uplink transmission
	

	
	
	Uplink scheduling Grant
	

	MAC signalling
	C-RNTI on L1/L2 + DL-SCH
	
	Like normal DL transmission.

	
	TA-RNTI on L1/L2 + DL-SCH
	
	Like message 2 transmission in random access procedure, i.e. TA-RNTI which is a common identifier for UEs receiving TA.

	
	Piggybacking
	
	If there is DL transmission at that instant, TA could be piggybacked into MAC message.

	RRC signalling
	
	
	


Table 1. Methods to transmit TA command
If we use DL L1/L2 control signaling to transmit TA command, we can have two choices. That is, one is to create new L1/L2 channel and another one is to use existing L1/L2 signaling. However, we feel that it is high burden to make the special L1/L2 channel for transmitting TA command since this command is not sent frequently (up to 0.5s). Then it seems to be not reasonable. If we reuse the existing L1/L2, e.g. use of some code points, from overhead point of view, UL Scheduling Grant seems to be a bit better than other L1/L2 signaling. From [1], UL scheduling grant is about 40 bits. But, since the TA information may be less than 10 bits (less than 26 bits including UE Id), it also causes the overheads. Moreover, in order to distinguish between the original purpose and TA command over the same UL Scheduling Grant, we have to have a indicator which might compel the size of the specific field in UL Scheduling Grant to be increased. Thus, it is not preferable that DL L1/L2 control signaling to transmit TA command is used.
If we use MAC signaling to transmit TA command, we can have three choices. That is, one is in piggybacking fashion, second one is in normal DL transmission fashion and last one is in message 2 (a.k.a. Random Access Response) transmission fashion in random access procedure [2]. Firstly if there is DL transmission when TA command is needed, we believe that it is a simple solution for TA to be piggybacked into MAC message. However, if there is no DL transmission, we can consider second and third cases. As already mentioned, TA information may have small size. Thus, In second case, the overhead can be significant if sent on the DL-SCH since at least one resource block must be expended to transmit TA information. Therefore, it does not seem reasonable. So, in order to have the multiplexing gain, we can consider third case like message 2 transmission in random access procedure, That is, since the eNB could schedule to transmit TA command, it is viable that several TA commands intended for the multiple UEs are transmitted via one DL-SCH with TA-RNTI which is a common identity addressed via DL L1/L2. It seems to be reasonable from resource utilization point of view.
Lastly, if we use RRC signaling to transmit TA command, we can find some usages. For example, for synchronization before the HO as already discussed, RRC signaling might be used but it is FFS as it is open.
Conclusion
In this paper, we propose the following points on transmission of TA command.

· If there is DL transmission when TA command is needed, TA information should be piggybacked into MAC message.

· If there is no DL transmission, several TA commands intended for the multiple UEs are transmitted via one DL-SCH in order to have the multiplexing gain.
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