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1 Introduction
A LS on maximum TA difference between TAGs is sent by RAN1 to RAN2 and RAN4 [1] in last RAN1 meeting.
The main content of that LS is:

RAN1 discussed on the maximum uplink transmission timing difference between different TAGs supportable in the perspective of a UE which supports multiple timing advance capability. RAN1 has previously agreed at RAN1 #68:
In case of partial symbol overlap arising from different TAs in different TAGs, RAN1 assumes a max overlap of approx. 30us (any tolerances are up to RAN4) for inter-band TAGs

RAN1 has noted that the above agreement is not captured in Rel-11 specifications. This agreement can be described in TS36.300 in the relevant part of multiple timing advance for CA.
The action to RAN4 is:
RAN1 respectfully asks RAN4 to confirm the final value for the maximum transmission timing difference considering tolerance relevant to this case.
In this contribution we provide the analysis on the maximum UL timing difference between TAGs from RAN4 perspective, and a reply LS [2] is also given in this RAN4 meeting.
2 Discussion
The UL timing difference between TAGs may be impacted by several factors, and in the following sub-sections we will analyze them one by one. Since the UL transmission timing is based on the corresponding DL reception timing, the shifting or error on DL reception timing will also impact UL transmission timing.
· Propagation  delay difference (factor (1))
· 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))
2.1  Propagation delay difference (factor (1))
In TS36.300, it is specified that 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. Even though the real propagation delay difference between TAGs may be larger than 30s, it can be still generally assumed the 30s relative propagation delay difference from the UE capability. So only regarding the propagation delay difference, the max UL timing difference between TAGs can be illustrated as below.
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Figure 1 UL timing difference between TAGs only regarding factor (1)
Hence, the max UL timing difference between TAGs is 30s only regarding factor (1).
2.2  TA adjustment accuracy and TA accuracy (factor (2))
In the approved CR[3], the TA adjustment accuracy and TA accuracy was analyzed. 
· Accuracy of TA, i.e., ±8 Ts derived from the half of TA unit resolution 16Ts

· Allowed TA adjustment accuracy of the Pcell TA value, which is ±4TS from TS 36.133 subclause 7.3 
For TA adjustment accuracy, in TS36.133 it is specified as: the UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to ±4* Ts seconds to the signalled timing advance value compared to the timing of preceding uplink transmission. For multi-TAG case, the TA is adjusted separately in different TAGs, and therefore the TA adjustment uncertainty for TAGs can all be considered as ±4Ts. So the max total uncertainty on one TAG UL timing is ±12Ts. If uncertainties for two TAGs are on the opposite direction, the UL timing difference between TAGs can extend up to 24Ts.

Regarding factor (1) and (2), the max UL timing difference between TAGs can be illustrated as below. 


[image: image2.emf]UE

eNB

30us 30us

TAG1

TAG2 TAG1

TAG2

UL subframe n DL subframe n

12Ts

12Ts

24Ts


Figure 2 UL timing difference between TAGs regarding factor (1) and (2)
The dash line is the real transmission for subfram n+1. Hence, the max UL timing difference between TAGs is (30s+24Ts) regarding factor (1) and (2).
2.3  Uncertainty of the reception time in the UE downlink (factor (3))
In [3], the uncertainty of the reception time in the UE downlink is also provided as,

· Uncertainty of the reception time in the UE downlink, taken as ±10 Ts. 

So, if these uncertainties for two TAGs are on the opposite direction, the UL timing difference between TAGs can extend 20Ts.
Regarding factor (1), (2) and (3), the max UL timing difference between TAGs can be illustrated as below.
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Figure 3 UL timing difference between TAGs regarding factor (1) , (2) and (3)
The dash line is the real transmission for subfram n+1. Hence, the max UL timing difference between TAGs is (30s+44Ts) regarding factor (1), (2) and (3).
2.4  eNB time alignment error (TAE) (factor (4))
In another approved CR[4], it defined the TAE value for inter-band carrier aggregation as,
· For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.

· For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 130 ns.

· For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260ns.
If TAE is considered, reception timing difference between TAGs can be illustrated as below,
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Figure 4 reception timing difference between TAGs regarding factor (1), (2), (3) and (4)
Since the UL transmission timing is based on the corresponding DL reception timing, the shifting or error on DL reception timing will be also reflected on the UL transmission timing. The dash line is the real transmission for subfram n+1. Hence, the max UL timing difference between TAGs is (30.26s+44Ts) regarding factor (1), (2), (3) and (4).
2.5  Channel dispersion (factor (5))
In [3], the channel dispersion impact is analyzed as,
Three typical E-UTRA channel models predict excess tap delay of 0.41, 2.51 and 5 (s for the EPA, EVA and ETU model respectively. For inter-band CA with low-high band combination an extra relative spread in the arrival times of 0.52 µs (~16 Ts) for 3% of of a simulated UE population was estimated with ray trace simulation in urban environment and has to be added to the channel dispersion.
If channel dispersion is considered, reception timing difference between TAGs can be illustrated as below,
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Figure 5 reception timing difference between TAGs regarding factor (1), (2), (3), (4), and (5)
Since the UL transmission timing is based on the corresponding DL reception timing, the shifting or error on DL reception timing will be also reflected on the UL transmission timing. The dash line is the real transmission for subfram n+1. Hence, the max UL timing difference between TAGs is (30.78s+44Ts = 32.21s) regarding factor (1), (2), (3), (4) and (5).

2.6  Summary on discussion

Based on the detailed analysis on different factors, if all the factors are considered, the max UL timing difference between TAGs is 32. 21s. 
However in [3] 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 TAE 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.
Hence, two options can be achieved for max UL timing difference between TAGs,
Option1: A UE with multiple timing advance capability for CA should support maximum difference of 32.21s in uplink transmission timing in a subframe between any pair of TAGs configured for the UE. 

Option2: A UE with multiple timing advance capability for CA should support maximum difference of 30.26s in uplink transmission timing in a subframe between any pair of TAGs configured for the UE. 
For consistence on DL and UL timing, we slightly prefer option2.

3 Conclusion
In this contribution, we provide the analysis on the maximum UL timing difference between TAGs from RAN4 perspective, and two options are drawn as,

 Option1: A UE with multiple timing advance capability for CA should support maximum difference of 32.21s in uplink transmission timing in a subframe between any pair of TAGs configured for the UE. 

Option2: A UE with multiple timing advance capability for CA should support maximum difference of 30.26s in uplink transmission timing in a subframe between any pair of TAGs configured for the UE. 
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