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1 Introduction

Upon the email discussion output [1] about transmission power control in dual connectivity after RAN1#77 meeting, the agreements from email discussion for dual connectivity are summarized as below: 
Synchronous case

· It is FFS whether synchronous case realized by nonsynchronous case or not.

· If separate handling is realized, 

· Same handling with MTA i.e. RAN1 spec is written as if all subframes are aligned and total transmission power should not exceed P_cmax on any overlapped portion.

· Condition of synchronous case is according to RAN4 definition of synchronized dual connectivity operation. In terms of maximum uplink transmission timing difference, it is to be clarified whether synchronous case should be described as "the maximum uplink transmission timing difference between PCell's and pSCell's is less than x µs" or "the maximum uplink transmission timing difference between all TAGs is less than x µs". Other description is not precluded.
Non-synchronous case

· Look ahead is defined as UE to know actual UL transmission(s) in the latter part of the overlap portion.   

· At least for PUCCH/PUSCH, FFS Alt 1 or Alt 2.

· Alt 1. UE is not mandatory to look-ahead. 

· Alt 1-1. UE does not look-ahead.

· Alt 1-2. UE can choose between (a) look-ahead and (b) not look-ahead.

· Alt 2. UE is mandatory to look-ahead in condition Y. 
· In other than condition Y, 
· Alt 2-1. UE does not look-ahead

· Alt 2-2. UE can choose between (a) look-ahead and (b) not look-ahead.

· Discussed candidates of condition “Y” are:
- all TA values are less than y usec
- the maximum uplink transmission timing difference between TAGs is less than y µs
Other candidate(s) of condition Y is not precluded.

· It is FFS whether UE to inform look-ahead or not to the network.
In this contribution we firstly discuss look-ahead and non look-ahead. Then the applicability of look-ahead behavior in dual connectivity is discussed.
2 Look-ahead and non look-ahead behavior
According to the definition of look-ahead behavior in email discussion, look-ahead is defined as for UE to know actual UL transmission(s) in the latter part of the overlap portion.
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Figure 1 An example for look-ahead behavior and non look-ahead behavior
· Look-ahead behavior
If look-ahead is supported, as shown in Figure 1, UE needs to know the actual UL channel on subframe j+1 and the actual power requirement of the UL channel on subframe j+1, when UE calculates and allocates the power of subframe i. Then, UE jointly allocates power of subframe i and j+1 by UCI type priority across eNBs and semi-static guaranteed power P_MeNB, P_SeNB. The pros and cons of look-ahead behavior are shown as follows: 
· Pros: ensured transmit power of higher prioritized UCI/channel.
· Cons: if the maximum uplink transmission timing difference between all TAGs is large, look-ahead behavior will impact on UE processing timing.

· Non look-ahead behavior
If look-ahead is not supported, as shown in Figure 1, UE doesn’t know actual UL channel on subframe j+1 or the actual power requirement of the UL channel on subframe j+1, when UE calculates and allocates the power of subframe i. UE firstly allocates power of subframe i  with P_MeNB and the remaining power, then allocates power of subframe j+1 by P_SeNB and the remaining power. The pros and cons of non look-ahead behavior should be shown as follows: 
· Pros: simple UE implementation, UE processing timing is not reduced
· Cons: higher prioritized UL channel may not be allocated with enough power, when the UL channel is on a latter subframe.
For example in Figure 2, PUCCH/PRACH is on the latter subframe in MeNB and PUSCH is on the former subframe in SeNB. If look-ahead is not supported, the PUCCH/ PRACH  power will be limited by semi-static guaranteed power P_MeNB, and P_MeNB is less than required transmission power of these UL channels, the performance of this PUCCH/PRACH is degraded since no enough transmission power can be allocated. 
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Figure 2 Power allocations with scaling across MeNB and SeNB in look-ahead and non look-ahead 
Observation 1: Look-ahead behavior could improve the transmit power efficiency and prioritize allocated transmission power for important channels.
Proposal 1: At least for the case that the impact of UE processing timing is marginal, look-ahead behavior should be supported.
3 Definition of synchronous case and non-synchronous case
This section will discuss when look-ahead behavior can be applied in synchronous case and non-synchronous case in dual connectivity.
3.1 UE behavior in synchronous case
According to the agreements in email discussion:

“Condition of synchronous case is according to RAN4 definition of synchronized dual connectivity operation”. 

Thus, the handling of synchronous case is defined as same as MTA in Rel-11, in which the eNBs are synchronized. Therefore, UE can jointly allocate power between subframe (i, j) or subframe (i+1, j+1), other than subframe (i, j+1) in synchronous case. Rel.11 MTA case is defined as "This also implies that the UE should cope with a maximum uplink transmission timing difference between TAGs of 32.47 usec for inter-band carrier aggregation with multiple TAGs" as written in Annex J.1 in TS36. 300. 
Therefore, the description of maximum uplink transmission timing also can be applied to look-ahead behavior in dual connectivity. 
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Figure 3 A example of synchronous case
Observation 2: For synchronous case, the maximum uplink transmission timing difference between all TAGs is less than 32.47 µs. 

Proposal 2: UE should support look-ahead behaviour in synchronous case.
3.2 UE behavior in non-synchronous case
According to the agreements for non-synchronous case in RAN1#76bis meeting:

“Dual connectivity should support the scenarios where UE cannot assume any maximum timing difference from MeNB and SeNB” 
The non-synchronous case is that the maximum uplink transmission timing difference between all TAGs is assumed to be larger than x µs. The UE processing timing is relative with the maximum uplink transmission timing difference between TAGs. Thus, depending on whether UE processing timing is impacted, the non-synchronous case can be divided into two conditions, as discussed in email reflector:

· If the maximum uplink transmission timing difference is small enough, the impact for UE processing timing is marginal, and look-ahead behavior can be applied.

· If the maximum uplink transmission timing difference is large enough, the impact for UE processing timing cannot be neglected.
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Figure 4 look-ahead can be applied when the uplink transmission timing difference between TAGs is small enough
Therefore, it can be assumed that UE would implement look-ahead when the maximum uplink transmission timing difference is less than y µs.  In such cases, the impact of UE processing timing is marginal and the power allocation with look-ahead is more effective than non look-ahead. The exact value of y µs is FFS.
Proposal 3: UE should support look-ahead when the maximum uplink transmission timing difference is less than y µs in non-synchronous case.. 
4 Conclusions
In this contribution we investigate look-ahead behavior, non look-ahead behavior, and the condition of look-ahead behavior in dual connectivity is discussed. Based on the analysis we have the following observation and proposals:
Observation 1: Look-ahead behavior could improve the transmit power efficiency and prioritize allocated transmission power for important channels.

Proposal 1: At least for the case that the impact of UE processing timing is marginal, look-ahead behavior should be supported.
Observation 2: For synchronous case, the maximum uplink transmission timing difference between all TAGs is less than 32.47 µs. 

Proposal 2: UE should support look-ahead behaviour in synchronous case.
Proposal 3: UE should support look-ahead when the maximum uplink transmission timing difference is less than y µs in non-synchronous case. 
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