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1 Introduction
In previous RAN2 meetings, applicability of TAC MAC CE for uplink timing resynchronisation was discussed [1-4]. RAN2#77bis agreed to note in the meeting minutes that uplink timing may not be correct after TAC is applied because uplink timing may not be kept upon TAT expiry in some Rel8/9 implementations. In order to address the issue, RAN2#79 agreed to clarify the UE behaviour by adding the following note for REL-11[4]. 

A UE stores NTA upon expiry of associated timeAlignmentTimer, where NTA is defined in [7]. The UE applies a received Timing Advance Command MAC control element and starts associated timeAlignmentTimer also when the timeAlignmentTimer is not running. 

In this paper we discuss remaining issues and propose way forwards.
2 Discussion
Adjustment of stored NTA according to DL timing change
Section 7.1.2 of TS 36.133 describes the requirements with regard to UE transmit timing [5]. Basically the UE adjusts the transmission time (initial or subsequent transmissions) to ensure the transmission timing error is less than or equal to the predefined value. When TAT is not running there are no PUCCH, PUSCH and SRS transmission. Therefore the UE does not adjust transmission timing, and the received downlink timing changes are not compensated. 

Section 4.2.3 of TS36.213 [6] states that if the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing adjustment without timing advance command as specified in TS36.133, the UE changes NTA accordingly. Therefore, when TAT is not running, the received downlink timing changes are not compensated and NTA is adjusted according to the downlink timing change. So then should the change above be applied to the stored NTA value as well? 
Figure 1 shows the timing relationship of received downlink timing and UE transmission timing, NTA, etc when the UE travels towards cell edge. Fig. 1a shows just after TAC MAC CE is received and processed. In Fig. 1b, the received downlink timing arrives later due to the UE mobility away from the eNB. In order to keep the transmission timing error less than or equal to the predetermined value, the UE adjusts the UE transmission timing and NTA accordingly. Suppose that TAT is expired and the current NTA value is stored. After TAT expiry UE transmission timing is no longer adjusted. 

Fig 1c shows that NTA is maintained and further adjusted according to TS 36.213 but stored NTA is not. The difference or error between the UE transmit time and the ideal UE transmission time (with mobility compensation) is larger if unadjusted NTA is used when TAC MAC CE is applied. In the worst case the error is doubled.
[image: image1.wmf]Fig. 1a:   Just after TAC is applied

Fig. 1b:  UE moved towards cell edge and UE transmission timing 

and NTA are adjusted. Then TAT expires

Fig. 1c:  UE moved further towards cell edge and UE Tx timing is not adjusted

NTA is further adjusted according to 36.213 but not stored NTA
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Based on the discussion above we propose to adjust the stored NTA according to TS 36.213. In another words, a UE maintains NTA according to Section 4.2.3 of TS 36.213 when TAT is not running. 
Proposal 1: A UE maintains NTA according to the section 4.2.3 of TS 36.213 when TAT is not running.
The Note in Section 5.2 of TS36.321 [7] can be revised as shown below.
NOTE:
A UE maintains NTA according to [2] upon expiry of associated timeAlignmentTimer, where NTA is defined in [7]. The UE applies a received Timing Advance Command MAC control element and starts associated timeAlignmentTimer also when the timeAlignmentTimer is not running.
Applicability of TAC MAC CE
The paper [3] explains three use cases where TAC MAC CE can be utilised for uplink resynchronisation. However, quantitative conditions are yet to be studied and clarified. For example, in the first and third scenarios, there should be a certain time limit for applying TAC MAC CE after TAT expiry to keep the UE transmission timing within an acceptable error margin. The time limit may depend on UE velocity.  Using transmission error limit Te defined in [5] as the error margin, the time limit is calculated and shown in the table 1. Te is equal to 12*Ts for downlink bandwidth more than or equal to 3MHz. It is assumed that the stored NTA is kept adjusted according to the downlink timing changes and that no adjustment of UE uplink timing is needed when TAT is expired.
Table 1: UE velocity and Time limit

	UE Velocity 
[kmph]
	Time limit

[second]

	3
	140.53

	15
	28.11

	30
	14.05

	42
	10.04

	100
	4.22

	180
	2.34

	360
	1.17


As shown in the table there is clearly a time limit for applying TAC MAC CE if the UE uplink timing error should be kept within acceptable range. In order to ensure proper application of TAC MAC CE, we propose to clarify that TAC MAC CE can be applied for uplink resynchronisation if subsequent TAC MAC CE is not required immediately. 
Proposal 2: TAC MAC CE can be applied for uplink resynchronisation if transmission of subsequent TAC MAC CE is not required immediately. 

The proposal can be captured in the Note in [7] as shown below.
NOTE:
A UE stores NTA upon expiry of associated timeAlignmentTimer, where NTA is defined in [7]. The UE applies a received Timing Advance Command MAC control element (TAC MAC CE) and starts associated timeAlignmentTimer also when the timeAlignmentTimer is not running. TAC MAC CE for resuming uplink synchronisation is used when transmission of subsequent TAC MAC CE is not required immediately.
3 Conclusion
We propose RAN2 to discuss and agree on the three proposals below.
Proposal 1: A UE maintains NTA according to the section 4.2.3 of TS 36.213 when TAT is not running.
Proposal 2: TAC MAC CE can be applied for uplink resynchronisation if subsequent TAC MAC CE is not required immediately. 

Proposal 3: Revise the note in TS 36.321 as shown below.
NOTE:
A UE maintains NTA according to [2] upon expiry of associated timeAlignmentTimer, where NTA is defined in [7]. The UE applies a received Timing Advance Command MAC control element (TAC MAC CE) and starts associated timeAlignmentTimer also when the timeAlignmentTimer is not running. TAC MAC CE for resuming uplink synchronisation is used when transmission of subsequent TAC MAC CE is not required immediately.
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