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Introduction
In last meeting, RAN1 sent an LS to RAN4 regarding ePDCCH decoding time with respect to asynchronous dual connectivity. 
In this contribution, we provide our understanding on this issue and then propose a reply LS to RAN2 in [2].
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Discussion
2.1
RAN1 LS
----------------------------------------

1. Overall Description:
In the Pcmax definition in [1] for unsynchronized overlapping transmission, the following was mentioned:

1. if MCG leads, the (p,q) and (p,q-1) pairs are considered for PCMAX definition i.e. for deriving the values of PCMAX_L   and PCMAX_H  .
2. if SCG leads, the (p-1,q) and (p,q) pairs are considered for PCMAX definition i.e. for deriving the values of PCMAX_L   and PCMAX_H .

RAN1 would like to note that for the UL power determination, RAN1 has not assumed that (E)PDCCH in subframe q would be decoded in time to be used for the power calculation of subframe p in case 1, or that (E)PDCCH in subframe p would be decoded in time to be used for the power calculation of subframe q in case 2.  

RAN1 would like to ask whether it is assumed by RAN4 that UE has decoded (E)PDCCH in subframe q when the UE derives the Pcmax of subframe p in case 1, and UE has decoded (E)PDCCH in subframe p when the UE derives the Pcmax of subframe q in case 2.

2. Actions:

To: RAN4

ACTION: RAN1 respectfully asks RAN4 to answer the above question.

-----------------------------------------
2.2
Subframe pairing in PCMAX definitions
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. “

Since we have the following assumptions in dual connectivity [3]:

1. The SFN alignment may not be possible between MCG and SCG

2. There may be a maximum of 500µs of maximum receive timing difference between signals in subframe level from MeNB and SeNB.
As seen from the Figure 1, there are mainly three possibilities of subframe boundary mismatch between received signals from MCG and SCG at the UE, i.e. 

(1) when the mismatch is less than 500µs (by extension, synchronized case is included here), 

(2) when the mismatch is more than 500µs (when we look at the beginning of the subframes in temporal domain), and 

(3) when the mismatch is exactly 500µs (this is truly a theoretical case, with very little probability, in the order of 0.2%).  

To define the PCMAX for dual connectivity, we need to identify the two subframes on MCG and SCG that would be compared together.  
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(a) Subframe timing mismatch between ith and jth subframe by less than 500µs [image: image2.emf]Slot 1 Slot 2
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(b) Subframe timing mismatch between ith and jth subframe by more than 500µs
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(c) Subframe timing mismatch between ith and jth subframe by exactly by one slot (i.e. 500µs)

Figure 1 Different levels of subframe timing mismatch between subframes in MCG and SCG respectively
Based on the above illustrations, it could be challenging to find the subframe pairs that should be considered for PCMAX definition. The subframe pairs include two reference subframes in MCG and SCG which should be considered together for the purpose of defining the PCMAX. In case of Figure 1(a), subframe i in MCG and subframe j in SCG constitutes the subframe pair. Similarly, subframe i in MCG and subframe j-1 in SCG constitutes the subframe pair in Figure 1(b). To constitute a subframe pair, a UE considers the subframes in MCG and SCG whose slot1 overlaps on each other. In this way, always the beginnings of the subframes are considered for constituting the subframe pair.

Based on these discussions, the PCMAX is derived based on the following main principles:

1. The subframes in one CG that overlap with subframes in another CG in their respective slot 1 should be paired together between CGs.

2. The leading CG is always taken as reference subframe i.e. whose subframe leads in time compared to the other subframe in the subframe pair. The reference subframe is the subframe where the calculated per UE PCMAX is applied by the UE. This is explained with an example below:
a. If subframe p and subframe q are the subframe pairs between MCG and SCG respectively, then 

I. if MCG leads, subframe p in MCG and subframes q-1 and q in SCG are considered for PCMAX definition i.e. for deriving the value of PCMAX.
II. if SCG leads, subframes p and p-1 in MCG and subframe q in SCG are considered for PCMAX definition i.e. for deriving the value of PCMAX.
So, in PCMAX definition, only the subframe pairs are assumed based on the definition described above. Other than this, no other assumptions are done in RAN4 while defining the PCMAX. In essence, the time required for ePDCCH (and PDCCH) decoding at the UE is implementation specific. 
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. 
 2.3
RAN4 response
The question from RAN1 is as follows: “RAN1 would like to ask whether it is assumed by RAN4 that UE has decoded (E)PDCCH in subframe q when the UE derives the Pcmax of subframe p in case 1, and UE has decoded (E)PDCCH in subframe p when the UE derives the Pcmax of subframe q in case 2.”
We propose the following response from RAN4, as presented in our draft Reply LS [2].

RAN4 does not assume any processing time relations for decoding ePDCCH with respect to PCMAX calculations in asynchronous dual connectivity.  

3
Conclusion
We describe the subframe pairing as it is done PCMAX definitions in 36.101. 
We propose a Reply LS in [2] where we propose the following text:

 RAN4 does not assume any processing time relations for decoding ePDCCH with respect to PCMAX calculations in asynchronous dual connectivity.  
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