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1 Introduction
In RAN WG1 Meeting #77, UL power allocation in dual-connectivity was discussed [1]. In the subsequent email discussion [2], the “look-ahead” aspect was further discussed. 
However there are still unresolved FFS question. This contribution discusses the “look-ahead” aspects of UL power allocation and proposes the solutions.
2 Discussion

In RAN WG1 Meeting #77, the following agreements were made with regard to UL power allocation in dual-connectivity [1].

	· In both synchronous and asynchronous cases:

· If look-ahead is supported or in synchronous case

· All the remaining power can be used
· For the remaining power, priority is determined based on UCI type across CG for channels not satisfied by P_SeNB or P_MeNB

· FFS on details

· Giving all the remaining power to a CG is not precluded

· If look-ahead is not assumed: 

· Reserve P_SeNB and/or P_MeNB towards each eNB if there is potential uplink transmission

· If the UE knows it does not have transmission in the other CG in overlapped subframes based on at least semi-static information (e.g., TDD UL/DL config.), UE does not reserve the power for that CG

· For the remaining power, earlier transmission is higher priority

· FFS on whether there will be two types of UE behavior (supporting look-ahead and not supporting look-ahead) or there will be only one type of UE behavior
· Confirm WA with clarification: 

· Power control changes are not allowed for one channel on one carrier in the middle of subframe in asynchronous case in dual connectivity (i.e., Power of on-going transmission is not adjusted)
· Within a CG, for the total power allocation, reuse Rel-11 relative priority and power scaling of different channel types



As shown the synchronous and asynchronous cases need to be taken care of. In the following the synchronous and asynchronous cases are discussed respectively.
2.1 Asynchronous Case
For the asynchronous dual-connectivity, it is much simpler not to implement “look-ahead” in power allocation. Mandating “look-ahead” requires the UE to be able to handle up to 2ms reduced processing time, due to the maximum timing difference of close to 1ms and the EPDCCH reception of 1ms. 
Since the earlier subframe can have higher priority than the later subframe with probability 50%, always prioritizing the earlier subframe is the right choice 50% of the time. For the 50% of time when prioritizing the earlier subframe is not the right choice, defining the minimum guaranteed power level makes sure that the later subframe is at least able to transmit the most important information, e.g., PUCCH. Thus not implementing “look-ahead” will not significantly compromise overall system performance. Compared to 
a) forcing all UEs to implement the “look-ahead” mechanism, and 
b) forcing a UE to apply the mechanism in every subframe, 
it is a much better choice not to define “look-ahead” for any UE in any scenario.  Not allowing “look-ahead” also avoids fragmenting the UE implementation by precluding two types of UE behavior (“look-ahead” and “no look-ahead”). Further if both “look-ahead” and “not look-ahead” are allowed in UE implementation, then a signaling bit will need to be defined with regard to this capability. 
Thus without observably sacrificing system performance, not defining “look-ahead” has the benefit of: 
(a) simpler UE hardware implementation; 
(b) simpler UE processing during run-time; 

(c) no need to define UE capability signal for it. 
Proposal: 

· No “look-ahead” behavior is defined for synchronous for asynchronous dual-connectivity.

Let the earlier subframe is for MeNB (without an even earlier overlapping subframe towards SeNB), and the later subframe is for SeNB. When “look-ahead” is not required, the following procedure is used for power allocation. Similar procedure applies when the earlier subframe belongs to SeNB. 

1. First the UE uses PMeNB,max, as the maximum power allowed in power level calculation towards MeNB, where PMeNB,max = (Pcmax ( PSeNB). The remaining power (Pcmax ( PMeNB ( PSeNB) is given to the earlier subframe, thus P MeNB,max= PMeNB+(Pcmax ( PMeNB ( PSeNB) = (Pcmax ( PSeNB).  

2. The actual amount of power used by MeNB, PMeNB,used, is obtained after applying the Rel-11 UL power calculation, where P MeNB,max is used in place of
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3. Then the UE uses PSeNB,max, a maximum power allowed in power level calculation towards SeNB, where PSeNB,max = min((Pcmax ( PMeNB,used), (Pcmax ( PMeNB). Here PMeNB,used is the actual power level used by the earlier MeNB subframe. Since (PMeNB + PSeNB) ≤ Pcmax, PSeNB,max =  (Pcmax ( PMeNB,used) ≥ PSeNB is guaranteed. Note that the actual amount of power used by MeNB, PMeNB,used,  can be even lower than the minimum guaranteed power level PMeNB if the need of MeNB is fully satisfied by a low value of PMeNB,used. 

Here the power levels are linear values. PMeNB and PSeNB are minimum power levels reserved for MeNB and SeNB, respectively. The values, P MeNB,max and PSeNB,max are used in place of
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 in the Rel-11 UL power level calculation. Within each CG, the UE simply reuses the Rel-11 power allocation rule. 
2.2 Synchronous Case

In CA [1], the relative propagation delay difference is up to 30 s among the component carriers to be aggregated in inter-band non-contiguous CA. Further the BS time alignment is specified to be up to 0.26 s.  Thus a UE should cope with a delay spread of up to 30.26 s among the component carriers monitored at the receiver.
For dual-connectivity operation, the same deployment is assumed, and the propagation delay difference between MeNB and SeNB is again assumed to be 30 s. Compared to CA, in dual-connectivity, the timing difference between MeNB and SeNB is larger considering that they are not co-located and may be connected via non-ideal backhaul. The maximum transmit timing misalignment of 3µs is assumed between Pcell and pSCell [2]. Hence for synchronized dual connectivity operation, the maximum receive timing difference (Δt) between signals from PCell and pSCell is assumed to be 33µs at the UE.  Compared to CA, in dual-connectivity, each eNB can further have cells belonging to different TAGs. However, the maximum uplink transmission timing difference between TAGs is still limited to around 33µs, i.e., less than one OFDM symbol.
Thus for UE, the UL processing in synchronized dual-connectivity is similar to that of CA multiple timing advance group (TAG). 
In current MTA UL power allocation, the subframes are assumed to be fully aligned in power level calculation. The subframe overlap due to misalignment is then handled by UE implementation in the case of PUCCH and PUSCH. Thus no ‘look-ahead’ is applied in MTA. Similarly in dual-connectivity, no look-ahead is needed in synchronous case. The power allocation can assume ideal subframe alignment between active UL cells in power level calculation and rely on UE implementation to handle power scaling of PUCCH/PUSCH in the overlap portion. 

To enable unified UE processing, the same power allocation framework can be applied towards synchronous and asynchronous dual-connectivity. Thus PMeNB and PSeNB, the minimum power level guaranteed for MeNB and SeNB, respectively, are also reserved towards each eNB in synchronous operation. In synchronous operation, there is no differentiation of earlier and later subframe, thus there is no need to give priority to earlier transmission. Priority can be based on UCI type between two CGs [3].  

In order to avoid having unused power, which may happen if the higher priority CG does not need the maximum power made available to it, the same power allocation procedure as in asynchronous case can be used. Assume that MCG is deemed the higher-priority CG, the calculation can be carried out in the following order:

1. First the UE uses PMeNB,max, as the maximum power allowed in power level calculation towards MeNB (i.e., the CG with higher priority), where P MeNB,max = (Pcmax ( PSeNB). 
2. The actual amount of power used by MeNB, PMeNB,used, is obtained after applying the Rel-11 UL power calculation, where P MeNB,max is used in place of
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a. If MeNB does not need the maximum power level made available to it, PMeNB,used < P MeNB,max. It is even possible that PMeNB,used < PMeNB where the need of MeNB is satisfied with power level lower than the minimum guaranteed.
3. Then the UE uses PSeNB,max, a maximum power allowed in power level calculation towards SeNB, where PSeNB,max = (Pcmax ( PMeNB,used). Here PMeNB,used is the actual power level used by the higher-priority MeNB subframe. Since (PMeNB + PSeNB) ≤ Pcmax, PSeNB,max = (Pcmax ( PMeNB,used) ≥ PSeNB is guaranteed. 
The above scheme is not only consistent with the procedure of asynchronous operation, it also guarantees that no power is left unused because the higher-priority CG does not need the maximum power made available to it. Thus all the power is fully utilized, if necessary.
Proposal: 

· The same UL power control framework is shared by synchronous and asynchronous dual-connectivity.
· The power control framework uses that of asynchronous operation so that the CGs are ordered in the procedure of power level calculation.
· For synchronous operation, the first CG is the higher-priority CG, the second CG the lower-priority CG.
· For asynchronous operation, the first CG is the CG with earlier subframe, the second CG the CG with later subframe.
· For synchronous dual-connectivity:
· Reuse MTA principle in the overlap region;

· PMeNB and PSeNB are reserved towards MeNB and SeNB, respectively;
2.3 Unified Framework for Synchronous and Asynchronous Cases

In Figure 1, an example is shown to illustrate that one UL power control framework is shared by synchronous and asynchronous dual-connectivity. In this example, in the synchronous case the MeNB is assumed to have higher priority; in the asynchronous case the subframe of MeNB is assumed to be earlier than the subframe of SeNB. 
The shared features between synchronous and asynchronous networks are:
· PMeNB and PSeNB are reserved towards each eNB;
· CGs are ordered in power level calculation. 

· All the remaining power is made available to the first CG. 
· Power not needed by the first CG is then made available to the second CG.
· Within each CG, the Rel-11 power allocation mechanism is applied.

The only difference between synchronous and synchronous networks is:

· For synchronous operation, the first CG is the CG that has the higher priority;

· The prioritization between two CG is based on the content carried by the UL transmission. This can consider the relative priority among PRACH, UCI, SRS, etc.

· For asynchronous operation, the first CG is the earlier CG.
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Figure 1. One UL power control framework is shared by synchronous and asynchronous dual-connectivity.
3 Conclusions

In this contribution, we discussed the “look-ahead” aspect for power allocation of synchronous and asynchronous dual-connectivity. Based on the discussion, we have the following proposals:
Proposal: 

· No “look-ahead” behavior is defined for synchronous for asynchronous dual-connectivity.

· The same UL power control framework is shared by synchronous and asynchronous dual-connectivity.
· The power control framework uses that of asynchronous operation so that the CGs are ordered in the procedure of power level calculation.
· For synchronous operation, the first CG is the higher-priority CG, the second CG the lower-priority CG.
· For asynchronous operation, the first CG is the CG with earlier subframe, the second CG the CG with later subframe.
· For synchronous dual-connectivity:
· Reuse MTA principle in the overlap region;

· PMeNB and PSeNB are reserved towards MeNB and SeNB, respectively;
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