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Introduction
Compared to CA, the maximum receive timing window between two CCs can be much higher. For CA, it is taken as 30.36us, while for dual connectivity; this can be as high as 500us as it is for asynchronous dual connectivity. Due to this extended receive timing difference requirement, the available UL processing time is lower in asynchronous DC compared to CA. 

In this contribution, we discuss the available UL processing time and propose to change the max UL TA for asynchronous DC. We also propose to send LS to RAN1 in [2].
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Available UL processing time in dual connectivity
The available UL processing time in dual connectivity directly impacts the PCMAX definition in a significant way.  

There can be two scenarios in dual connectivity when independent transmissions are received at the UE, either the MCG leads or the SCG leads. Since we do not assume any SFN synchronization also, we need to find a way to pair the subframes on which the PCMAX calculations can be done. In 36.101, it is defined as follows:

“If the UE is configured in Dual Connectivity, the subframes in one CG that overlap with subframes in another CG in their respective slot 1 shall be paired together between CGs. “

 A graphical description of this is available in [3]. The pairing methodology will be similar for either MCG or SCG leads.

In the UL, the UCI information is received by the UE at least 4 ms before the actual UL transmission from the UE. If ePDCCH is used, then the UE needs to wait until the end of subframe Q-4 for decoding the UCI information which provides allocations for actual UL transmission in UL subframe Q. Since we have timing advance applied to the UE, the actually UE transmission happens after (3-TA) ms in any single carrier transmission. According to Rel-8 requirements, a UE is required to support a maximum of 0.67ms of maximum TA, thus the minimum available time for UL processing is reduced to 2.33ms for Rel-8 UE. In dual connectivity, we have a maximum of 0.5ms subframe timing boundary mismatch, thus the minimum available processing time in the worst case is reduced to 1.83ms. This is shown in Figure 1 and Figure 2 for the case when SCG leads and MCG leads, respectively.
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Figure 1 Available UL processing time in dual connectivity when SCG leads

As shown in the figure, the available processing time in the UL is:

Tprocessing = 3 –  – TAMeNB (ms)
where is the subframe timing boundary mismatch between MeNB and SeNB which is at the max 0.5ms and TAMeNB is the timing advance applied to any UL transmissions. When TAMeNB = 0.67ms and = 0.5ms (both the worst cases), then 
Tprocessing = 3 – 0.5-  (ms) = 1.83ms.
The same applies for the case when MCG leads as described in Figure 2.
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Figure 2 Available UL processing time in dual connectivity when MCG leads
As it is seen from the above two figures, compared to Rel-8 UE transmissions, the available UL processing time for asynchronous dual connectivity is at the worst case 0.5ms shorter. Note that, this is for the case when maximum UL TA is applied.  
For CA, the UE must cope with scenarios with MTAG time differences up to 30µs, which corresponds to 9km of distance. Looking at the design of DC, we probably expect identical scenarios for DC since DC operation is built on CA.

If this is so, then the propagation time differences between sites (with different CG) should be less than 30µs even if the timing mismatch between CGs can be much larger (up to 500µs). Hence the same maximum propagation difference between cells within a CG and between cells in different CGs can be assumed. The TAs on all CGs can of course be large simultaneously and independently to each other. Thus, the conclusion is that, the DC between CGs in two cells with about 667µs TA is not realistic, since this corresponds to rural GSM deployment of cells with more than 100km radius. 

Observation: Configuration of DC operation between CGs in two cells with about 667µs TA is not realistic.

Based on the above then we can perhaps investigate if the max TA to be assumed for DC operation can be changed. 
The Timing Advance, TA is calculated as follows: TA = 2 * Propagation Delay. It is also defined in this way:
Timing Advance = NTA * TS
Where, 0 < NTA ≤20152 and TS = 1/30720 ms

So Maximum Timing Advance becomes, max TA= 20512 * 1/30720 = 0.6677 ms.

Based on the speed of light, this allows a maximum propagation distance of 100 km.
As discussed above, the maximum TA value is a parameter that has a significant contribution on the minimum available processing time. Currently, the maximum TA value supports cell radius of 100km but it is questionable whether either cells of MCG or SCG would have such a long cell radius to be supported in DC. The SCG cells may be small cells requiring very small TA. For instance, maximum propagation time difference for synchronous DC is taken as 30µs, which corresponds to 9km relative distance between MeNB and SeNB. As a margin, we propose to limit the relative distance to 20km. Limiting the maximum TA value in asynchronous DC to support e.g. 20 km cell sizes would increase the minimum available processing time for the UE roughly by around 534.16µs. [4] Thus, the maximum TA value can be changed from 667µs to 133.54µs. 
Proposal-1: Define the maximum TA based on a cell radius of maximum 20km in asynchronous dual connectivity operations.

Proposal-2: Maximum TA value could be changed from 667µs to 133.54µs when asynchronous dual connectivity operation is configured.
 2.3
RAN4 LS to RAN1
Based on the above discussions, we propose to send the following LS to RAN1:

“Maximum TA value could be changed from 667µs to 133.54µs when asynchronous dual connectivity operation is configured.”
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Conclusion
We observe the following:
Observation: Configuration of asynchronous DC operation between CGs in two cells with about 667µs TA is not realistic.

Based on this observation, we propose the following:

Proposal-1: Define the maximum TA based on a cell radius of maximum 20km in asynchronous dual connectivity operations.

Proposal-2: Maximum TA value could be changed from 667µs to 133.54µs when asynchronous dual connectivity operation is configured.
We propose a Reply LS in [2] where we propose the following text:

 “Maximum TA value could be relaxed from 667µs to 133.54µs when asynchronous dual connectivity operation is configured.”
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