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1. Introduction
On time alignment issue one important thing is to discuss in which scenarios uplink synchronization should be kept. This document intend to analysis listed scenarios and come to the conclusion that uplink synchronization should be kept as long as uplink maximum DTX period is shorter than maximum TA update period except for following scenarios:
· Terminal’s position is fixed and
· Tiny cell e.g. femto-cell
2. Discussion
In LTE uplink signal is allowed to arrive at eNB a bit later thanks to the CP part in the frame structure. The maximum allowed delay is CP in theory but the real value depends on the field propagation environment and UE’ speed. And since UE can move around , eNB has to update the TA before UE moves out of a distance corresponding to the maximum allowed delay. The period to update TA mainly depends on the maximum allowed delay and UE’s speed. For example, the maximum allowed delay is 1.04us for a cell where UE’s highest speed is 360km/h, the maximum update period equal to 1.56 second.
When uplink transmission exist and the maximum DTX period is less than the maximum TA update period it is necessary for eNB to update TA i.e. to keep uplink synchronization. Otherwise every time before UE can transmit anything UE have to send random access to obtain initial TA. The shorter the DTX period is , the more cost and delay is introduced. The most extreme case is UE transmit continuously. The cost to keep uplink synchronization is to send or attach one TA command in MAC control PDU or MAC data PDU. Some extra uplink signalling e.g. sounding reference maybe needed because eNB can not get accurate TA only based on the uplink transmission in narrow band e.g. VoIP. If maximum DTX period is bigger than maximum TA update period then eNB can not update TA simply because no uplink transmission can be used for TA estimation. 
uplink synchronization should be kept as long as uplink maximum DTX period is shorter than maximum TA update period
Here listed possible scenarios from UE point of view in RRC_CONNECTED state :
	　
	uplink TX
	downlink RX
	typical service
	TA update?

	1
	CONTINUE
	CONTINUE
	stream service
	YES

	2
	CONTINUE
	DRX
	N/A
	N/A

	3
	CONTINUE
	NULL
	N/A
	N/A

	4
	DTX(1)
	CONTINUE
	MBMS with CQI REPORT 
	YES

	5
	DTX
	DRX
	NRT service and/or VoIP whose DTX/DRX cycle is smaller than maximum TA update period
	YES

	6
	DTX
	DRX
	NRT service whose DTX/DRX cycle is bigger than maximum TA update period
	NO

	7
	DTX
	NULL
	N/A
	N/A

	8
	NULL(1)
	CONTINUE
	MBMS
	NO

	9
	NULL(1)
	DRX
	MBMS
	NO


Table 1
Note1: scenario 4 and scenario 8/9 are exclusive

Scenario 2,3 and 7 seems impossible assuming HARQ is always used for uplink transmission to improve reliability. 
Scenario 8 and 9 assume CQI report is not necessary for MBMS service. Since there is no uplink transmission TA update is not needed.
Scenario 4 assume that CQI report is taken for MBMS service. CQI report period can not be too long because radio channel changes very fast. We believe it must shorter than maximum allowed TA update period . Since channel bearing CQI report does not have enough bandwidth, extra uplink signal e.g. sounding reference signal will be sent in a period which is shorter than maximum allowed TA update period.
Scenario 5 and 6 assume that downlink DRX and uplink DTX are coupled.
2.1. Fixed terminal case
the main reason to update TA is because UE may move around and the change of propagation delay in uplink maybe beyond maximum allowed delay if TA is not updated in time. In [1] the maximum allowed delay is 0.52us assuming UE’s speed is 500km/h. if UE moves slower the maximum allowed delay can be extended.
If UE’s position is stationary the propagation delay between UE and serving eNB is almost fixed i.e. TA is fixed. So no TA update is needed. But to cancel periodic TA update does not mean that TA update is prohibited. Sometimes nodeB can update TA temporarily due to e.g. high decoding error rate.

[image: image1.emf]Auto vendor machine

eNB1

5

eNB2

        
[image: image2.emf]7

5

Auto vendor machine

eNB1

eNB2


                Figure  1-A












Figure  1-B

in Figure 1-A one terminal within auto vendor machine is connected with eNB1. the initial TA is 5*0.52us. and because the position of terminal and eNB are fixed TA is not necessary to be updated. In Figure 1-B transmission power of eNB1 is reduced due to some reason handover happens between eNB1 and eNB2. the new initial TA between terminal and eNB2 is 7*0.52 us. 
Since periodic TA update is assumed for highlighted scenarios listed in table 1, eNB need to notify UE that TA update is cancelled for stationary terminal e.g. in the random access response message when UE access the cell initially or handover from other eNBs . Otherwise UE will always believe it is out of uplink synchronization because no TA is updated afterwards. 
Before doing that eNB has to know that terminal is stationary. There are several ways for UE to report this position characteristics. It can be included in the radio capability and then be stored after initial registration. eNB can get it once S1 connection is established. Or UE can report it every time RRC connection is established. And this position characteristics will be forwarded in UE context from source eNB to the target eNB during handover preparation. 
2.2. Tiny cell case

[image: image3.emf]
Figure  2

Figure 2 depicts possible implementation scenario of femto-cell. The coverage of the cell is believed not beyond 150 meters which corresponds TA 2*052us. Since UE move at very low speed the maximum allowed delay is bigger than 2*0.52us. so once UE established RRC connection with home nodeB wherever UE moves home eNB can receive uplink transmission correctly without TA update. 
Since periodic TA update is assumed for highlighted scenarios listed in table 1, home eNB will notify UE that TA update is cancelled within coverage of home eNB. Otherwise UE will always believe it is out of uplink synchronization because no TA is updated afterwards. Considering other eNBs such as micro cell for interior coverage, it is proposed to pre-define coverage characteristics for eNBs. Those eNBs whose coverage characteristics is e.g. “tiny” will not update TA.
If UE moves out to public network or vice versa UE can be notified by nodeB whether TA update is switched on or off during handover procedure e.g. in the random access response message.
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Figure  3-A












Figure  3-B

If Figure 3-A UE moves out of home nodeB to the coverage area of macro cell no additional notification is needed. In Figure 3-B UE moves back to the home nodeB then UE will notified that TA update is switched off.

To cancel periodic TA update does not mean that TA update is prohibited. Sometimes nodeB can update TA temporarily due to e.g. high decoding error rate.
3. Conclusion 
Scenarios listed in table 1 are discussed and come to the conclusion that TA update is necessary as long as uplink maximum DTX period is shorter than maximum TA update period. Another two special scenario i.e. fixed terminal position and femto-cell are also discussed. And we propose to cancel periodic TA update procedure in these two scenarios to improve radio resource efficiency and reduce system complexity.
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