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1 Introduction

In the Release 12 work item of Dual Connectivity (DC), two types of DC were designed, which are synchronous DC and asynchronous DC. RAN1 defined two power control modes, PCM1 and PCM2 (power control mode 1 and mode 2), which are supposed to be corresponding to synchronous DC and asynchronous DC respectively. A UE capable of DC is capable of synchronous DC, while additional UE capability is defined for the support of asynchronous DC. For a UE capable of both synchronous and asynchronous DC, the network signals to UE whether PCM1 or PCM2 should be used.
In this contribution, we will investigate the standardization of asynchronous DC, and point out the problems of asynchronous DC design.
2 'Not look-ahead' assumption leading to unnecessary performance degradation
In the early stage of RAN1 discussion for asynchronous DC, 'look-ahead' [1]

 REF _Ref427224593 \r \h 
[2] and 'not look-ahead' [3] were two options for the design 
· Look ahead is defined as UE to know actual UL transmission(s) in the latter part of the overlap portion.   [4]
Compared with ‘look-ahead’, 'not look-ahead' has worse performance in many cases since UE is not able to use all PCMAX power. An example is shown in Fig.1.
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Fig. 1. Power allocation waste caused by ‘not look-ahead’
Though 'look-ahead' can provide better transmit power utilization in many cases, concerns of 'look-ahead' were raised in RAN1 on implementation complexity:

"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. "[3]

 REF _Ref426463646 \r \h 
[5].
Due to the concern of possible UE implementation difficulty caused by the reduced processing time in asynchronous case (Q3 of [6]), 'not look-ahead' was finally adopted in RAN1 #78 [7] in August, 2014 after long debates.
In the same time of August, RAN4 began to discuss the PCMAX definition [8]. ‘The ‘look-ahead’ behavior of RAN1 would impact on the PCMAX definition’ was mentioned both in the contribution [9] and in the online comment [10], however this point was not considered in RAN4 as there were also comments that RAN1 decision for look-ahead does not have impact to RAN4[10].
In October of 2014, PCMAX definition was endorsed in [11] in RAN4, which adopted the proposals in [12]. In particular, it adopted the proposal that for asynchronous case, when deciding the PCMAX for subframe n according to the timing of Cell Group (CG)1, Pcmax,c of both overlapped subframe k and k+1 of CG2 are considered. This particular proposal assumed the following [12]

“For Pcmax definition in a subframe n, the UE needs to know the following information for Pcmax,c:  the  MCS and RB allocation, frequency hopping information, and if  there are any SRS transmissions. All this information is already available after DCI decoding from subframe n-4. Thus the UE knows what Pcmax,c would be in subframe n. Similarly for subframes k and k+1 that are overlapping with subframe n (see figure below) in the other eNB connection the above information is available”.

Compared with the discussion of ‘look-ahead’ in RAN1, it is clear that look-ahead was assumed for PCMAX calculation and operation in RAN4. Although later on it was argued that PCMAX definition did not mean look-ahead [13], no practical technical solution was given on how the UE can derive PCMAX without look-ahead.
It is also worth mentioning that RAN4 had no contribution indicating UL processing time is not sufficient, while the following RAN4 contribution mentioned that the UL processing time is sufficient [14] in the context to address the question in RAN1 LS [15] on whether look-ahead was assumed.
“RAN4 has assumed that the UL processing time for asynchronous dual connectivity is sufficient for the worst case subframe timing misalignment between CGs and maximum UL timing advance,….”
Observation 1:  RAN1 assumed ‘not look-ahead’ to simplify UE implementation at the cost of performance degradation, while PCMAX calculation defined in RAN4 assumed look-ahead operation, therefore the performance of asynchronous dual connectivity was sacrificed for no reason.

Further RAN1 designs on power allocation followed the trend of unnecessary performance degradation and allowed the important channels to be de-prioritized, despite of the agreed designs that aimed to protect the important channels and signals, such as to define the minimum guaranteed power allocation P_SeNB and/or P_MeNB[16] and to prioritize  PRACH power allocation in some cases [17]

 REF _Ref427326307 \r \h 
[18]. Some of the agreed designs that would cause performance degradation are listed below.
· When there is no overlapping transmission between the earlier subframe and the later subframe, the power allocated to the earlier subframe still cannot be used in the later subframe (identified in [19]

 REF _Ref427681758 \r \h 
[20] and described in fig. 3 in the appendix). 
· Except for reserved power, all the remaining transmission power can be used only for SRS transmission in one symbol of a CG, even if there is overlapped transmission  in the other CG lasting for the whole subframe, such as UCI and PUSCH (identified in [19]

 REF _Ref427326365 \r \h 
[21], and described in fig. 4 in the appendix)
· Even worse, if SRS is dropped, in many cases the power intended for that SRS transmission will not be released (identified in [19], and described in fig. 5 in the appendix).
These performance degradations, which should have been avoided by specifications, lead to poor uplink performance, since the UE will not be able to use all the transmission power in the uplink. 
3 Mismatch between the definition and the usage of PCMAX
The examples in the previous sections illustrate some of the problems during the standardization of asynchronous DC that led to unnecessary performance degradation and made the design less attractive for implementation and deployment. Unfortunately, there is a mismatch between RAN1 and RAN4 on the definition [22] and usage [23] of PCMAX that prevents UE implementation of the mode altogether. The following mismatch was identified in [24].
· As shown in Fig. 2, when PCM2 is configured and PCMAX of asynchronous overlapping transmission is used， Pcmax of reference subframe p duration can be different from Pcmax of reference subframe p+1 duration, which would lead to varying Pcmax during the subframe q of the non-leading CG.

· When PCM2 is configured and PCMAX of asynchronous overlapping transmission is used， the varying Pcmax in non-leading CG cannot be used in PCM2 directly in RAN1, as RAN1 specification [23] assumes there is a constant Pcmax value that can be used for any given subframe in any CG. 
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Fig. 2. During subframe q, the Pcmax value can be varied
LS was sent from RAN1 to RAN4 in[25], asking RAN4 to clarify and provide solution. However, further analysis shows that there may be no good solution to resolve the mismatch [26]. Any solution may either result in stricter RF implementation or higher requirement to cope with even stricter processing time.
Observation 2:  The definition of Pcmax in RAN4 and the usage of Pcmax in RAN1 are mismatched. UE cannot implement the power allocation in asynchronous dual connectivity until the mismatch can be resolved.
Base on the above discussion, we can see that asynchronous dual connectivity is a complex optional feature with questionable performance, that cannot be implemented until RAN1 and RAN4 specifications are aligned.
4 Conclusions
In this contribution we investigated the general views on the physical layer design of Dual Connectivity. Based on the analysis we have the following observations:
Observation 1:  RAN1 assumed ‘not look-ahead’ to simplify UE implementation at the cost of performance degradation, while PCMAX calculation defined in RAN4 assumed look-ahead operation, therefore the performance of asynchronous dual connectivity was sacrificed for no reason.
Observation 2:  The definition of Pcmax in RAN4 and the usage of Pcmax in RAN1 are mismatched. UE cannot implement the power allocation in asynchronous dual connectivity until the mismatch can be resolved.

Based on the observations, we can see that asynchronous dual connectivity is a complex optional feature with questionable performance, that cannot be implemented until RAN1 and RAN4 specifications are aligned.
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Appendix: Power allocation in PCM2
As shown in Fig. 3, when maximum uplink timing difference is equal to or less than one symbol and shortened PUSCH/PUCCH is transmitted in subframe i2-1, there is no overlapping portion between the transmission in subframe i2-1 and subframe i1 if no SRS is scheduled or triggered, or if SRS is dropped in i2-1. In such case, the power allocation of CG1 in subframe i1 should not be limited by the non-overlapping transmission in subframe i2-1 known by the UE. 
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Fig. 3. Power allocation in PCM2 for subframe i1 when there is no overlapping transmission between subframe i2-1 and subframe i1 .
As shown in Fig. 4, when there is overlapping transmission between subframe i1 and subframe i2-1 even if there is only SRS in subframe i1.  The power allocation of subframe i1 should not be limited by the power of the SRS in subframe i2-1. 
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Fig. 4. Power allocation in PCM2 for subframe i1 when there is overlapping transmission between SRS in subframe i2-1 and transmission in subframe i1
As shown in Fig. 5, When the SRS transmission in subframe i2-1 is dropped, the power allocation of subframe i1 should not be limited by the tentative power allocation to the dropped SRS in subframe i2-1. 
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Fig. 5. Power allocation in PCM2 for subframe i1 when there is overlapping portion between subframe i1 and subframe i2, if SRS is dropped due to MTA operation.
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