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1 Introduction
In RAN1 #73 meeting, it was suggested to limit the difference in uplink transmission timing between TAGs for a UE, and add this limitation to 36.300 [1], so, some RAN2 discussion is needed [2]. In this contribution, we will discuss the rationality of this limitation.
2 Discussion
The downlink timing difference of aggregated cells has been in current specification as following [3]:
	The reception timing difference at the physical layer of DL assignments and UL grants for the same TTI but from different serving cells (e.g. depending on number of control symbols, propagation and deployment scenario) does not affect MAC operation. A UE should cope with a relative propagation delay difference up to 30 s among the component carriers to be aggregated in inter-band non-contiguous CA. This implies that a UE should cope with a delay spread of up to 31.3 s among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 1.3 s.


Based on the downlink signal, UE could deduce the uplink transmission time with the help of TA command from eNB. Usually, eNB should adjust the uplink transmission time continuously to guarantee that the uplink sub-frame is located in the centre of CP window. Considering RAN4 has agreed that the inter band CA TA error should be limited within 260ns [4], we apply this new limitation in the following analysis.
2.1 Taking only propagation delay difference into account
Here, we consider the case where the propagation delay difference is the only origin of UL transmission time difference and the eNB is always able to perfectly adjust the TA value of every cell in time based on the propagation delay. Figure 1 is the timing relationship of two aggregated cells which belong to different TAGs. From the eNB point of view, the downlink sub-frame boundary is T. The transmission delay for cell 1 signal is α, and the delay for cell 2 signal is β,as a result, from the UE point of view, the downlink sub-frame boundary for cell 1 is T1, and the sub-frame boundary for cell 2 is T2. If eNB can always adjusts the TA correctly, UE applies the Nta value of (2*α) for cell 1, with the timing reference of cell 1, and use Nta vlue of (2*β) for cell 2, with the timing reference of cell 2. If the value of transmission delay difference is within 30us, the uplink transmission difference between 2 cells is also within 30us, the extra limitation for uplink transmission time seems ok.
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                                                        Figure 1: Only propagation delay difference case
2.2 Taking more factors into account
There are also other factors to impact the UL transmitting time difference in addition to propagation  delay difference (factor 1) seen below:
· TA adjustment accuracy and TA accuracy (factor 2)
· Uncertainty of the reception time in the UE downlink (factor 3)
· eNB time alignment error (TAE) (factor 4)
· Channel dispersion (factor 5)
Two main factors, i.e. eNB time alignment error (TAE) (factor 4) and TA adjustment accuracy and TA accuracy (factor 2) are explained separately in below. 
eNB time alignment error (TAE) (factor 4) :

If the BS time is not aligned very well, some changes may happen. Figure 2 is an example, in which the cell 2 downlink sub-frame is postponed 0.26us.  However, the transmission delay for cell 2 signal is stillβ, so, based the timing reference of T3, UE should deduce the new beginning of uplink sub-frame boundary to T3’. As a result, the uplink transmission difference between 2 cells becomes to larger than 30us.
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Figure 2: eNB time alignment error (TAE) case 
TA adjustment accuracy and TA accuracy (factor 2):
This non-ideal case means that eNB could not always adjust the TA preciously to the right value. For example, in figure 3, the ideal uplink transmission time for cell 1 is T1’, but the actual uplink transmission time is T0. There are several reasons for this gap between T0 and T1’:

· Reason : this gap is less than 0.52us (one step of TA command), so eNB may not adjust uplink transmission time temporarily
This gap between T0 and T1’makes the uplink timing difference exceeding 30us. 
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Figure 3: TA adjustment accuracy and TA accuracy case

Observation: The uplink transmission time difference is not only due to different propagation delays between different cells. Supporting a maximum difference of 30us in uplink transmission timing in the UE is not sufficient to address a propagation delay up to 30us.
2.3 Proposal
However in [5] it is stated that,
A 3GPP release 10 UE with one TAG and Dual CA UL is possible, but there are several prerequisites:
 - Dual UE UL developed in general. This will take place in rel-12.
 - Band combination ready for 2 UL. This will take place in rel-12.
 - Developed band combination in approved TS 36.307.
 - Tighter CA interband TAE, 260 ns, or similar, instead of 1.3 µs.

And in current TS36.300, it is specified as,

This implies that a UE should cope with a delay spread of up to 31.3 s among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 1.3 s.
Thus, since the TA error is changed, the UE capability shall be updated as,

This implies that a UE should cope with a delay spread of up to 30.26 s among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 260 ns.
Based on the change above, it implies 30.26s can be considered as the max DL reception timing difference between TAGs for UE capability.

From the RAN2 point of view, 30.26s can also be considered as the max UL transmission timing difference between TAGs for UE capability to simplify the UE complexity, it is finally up to RAN4 decision, and RAN2 can also consider what is the behaviour of the UE in case the uplink transmission time difference between different TAGs as calculated based on the received TA MAC CE by the UE exceeds the UE capability. 
· Alternative 1:  specify nothing.

· Alternative 2: specify the UE behaviour in case the uplink transmission time difference between different TAGs as calculated based on the received TA MAC CE by the UE exceeds the UE capability For example, the UE may discard the uplink transmission on SCell, or discard all the uplink transmissions on all the serving cells, or notify this situation to eNB.
Considering the lots of factors will impact the maximum uplink transmission timing difference, we prefer alternative 2
Proposal: specify the UE behaviour in case the uplink transmission time difference between different TAGs as calculated based on the received TA MAC CE by the UE exceeds the UE capability.
3 Conclusion
Based on the discussion above, we give the below observation and proposal:

Observation: The uplink transmission time difference is not only due to different propagation delays between different cells. Supporting a maximum difference of 30us in uplink transmission timing in the UE is not sufficient to address a propagation delay up to 30us.

Proposal: specify the UE behaviour in case the uplink transmission time difference between different TAGs as calculated based on the received TA MAC CE by the UE exceeds the UE capability.
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