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1 Introduction
During the RAN1 #77 meeting and subsequent email discussions, further agreements on power control for dual connectivity have been made [1]-[5] and were communicated to RAN2 [6]. This contribution intends to discuss the remaining physical layer aspects for dual connecitivity, mainly focusing on power control aspects. 
2 Discussion 
2.1 PMeNB and PSeNB settings 
In the past meeting, it was agreed that two minimum guaranteed power allocations (PSeNB and/or PMeNB) can be configured for UL transmission. One of the issues that was further discussed after the meeting was how to define these two values [1]. 
Two solutions exist: Either allocating them in terms of the ratio (%) of Pcmax or as absolute values. It has been agreed in email discussion [77-14] that PSeNB and PMeNB are semistically configured by MeNB and are shared with SeNB via an inter-eNB RRC message. Note that the maximum transmission power Pcmax can be dynamically varied on a per-subframe basis depending on the MPR, A-MPR or P-MPR values. With the second option (i.e., absolute values), it is impossible to prevent PMeNB+PSeNB > Pcmax given that MPR/A-MPR can be very large in some situations. Accordingly, additional standardization/test/implementation efforts are needed to define new UL power prioritization/scaling rules for this case. We therefore recommend confirming the current working assumption for simpler specification and UE implimentation.
Another open issue that needs to be further discussed is how to define the range and resolution of PMeNB and PSeNB. In general, an unnecessarily small resolution of PMeNB and PSeNB would increase the singaling overhead and a trade-off between signaling overhead and power allocation accuracy is required. In our view, 4 bits should be enough to provide MeNB with a resolution of 6.67% for PMeNB and PSeNB allocation. 
Proposal 1: 

· Confirm the working assumption that PMeNB and PSeNB are defined as ratios of Pcmax.
· PMeNB and PSeNB are configured by MeNB with a bitmap of 4 bits to indicate one of 16 different values in the range of [0…100]%. 
2.2. Prioritization of UL transmissions
In Rel-10/11 CA, each UL CC is configured with a maximum transmit power PCMAX,C, which may be different per CC. PCMAX is the maximum UE power corresponding to the terminal power class. In case the total transmission power of all CCs exceeds PCMAX for any part of the subframes that partly overlap between different CCs, UE assumes that it is power limited. It can be expected that the probability of a UE being power limited for dual connectivity is higher than that for the CA case due to the absence of instantaneous inter-eNB coordination on UL scheduling. 
To handle the presence of power limitations in dual connecitivy, discussion on how to prioritize different physical channels is required after the UE allocates power per each eNB up to PSeNB or PMeNB. The Rel-11 principle can be extensively reused but characteristics of dual connectivity operation, such as simutanous UCI transmission to two eNBs as well as the use of split bearer for UP architecture 1A, also need to be considered. 
Although UCI type based power allocation was agreed for the remaining power assignment across CGs for channels not satisfied by PSeNB or PMeNB, the details for UL channel prioritization has not decided yet. Two alternative solutions have been extensively discussed in the email discussion after RAN1 #77 [2]:
1. PUCCH on MCG > PUCCH on SCG > PUSCH with UCI on MCG > PUSCH with UCI on SCG > PUSCH without UCI on MCG > PUSCH without UCI on SCG; 
2. HARQ-ACK/SR on MCG> HARQ-ACK/SR on SCG > CSI on MCG > CSI on SCG > Data on MCG > Data on SCG
Table 1 presents the respective power prioritization results of these two approaches corresponding to different combinations for UL signaling to a MeNB and to a SeNB. In many cases, the prioritized UL channel is identical from the two approaches, but there are also differences, as marked in Table 1 for further discussion. 
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Out of the two alternatives, we prefer Alt.2 for UL channel prioritization due to reasons described in the following. 

First of all, it is our understanding that Alt.1 is against the previous agreement of “UCI type based” power allocation for the remaining power assignment. 
In addition, as shown in Table 1, a potential drawback of Alt.1 is that in some cases it may lead to HARQ-ACK/SR dropping in SCG (e.g., Case 1 below) or power scaling of PUSCH with HARQ-ACK in either SCG (e,g,, Case 2 below) or MCG (e.g., Cases 3 & 4 below) : 
· Case 1: CSI only on PUCCH in MCG + HARQ-ACK/SR on PUCCH in SCG 
· Case 2: CSI only on PUCCH in MCG + HARQ-ACK/SR on PUSCH in SCG

· Case 3: HARQ-ACK/SR on PUSCH in MCG + HARQ-ACK/SR on PUCCH in SCG
· Case 4: HARQ-ACK/SR on PUSCH in MCG + CSI only on PUCCH in SCG
It maybe argued in support of Alt.1 that there is no SCG ACK/SR dropping in Case 1 since the minimum power PSeNB can be properly set by MeNB to ensure ACK/SR transmission on PUCCH with sufficient power. However, this does not hold for Cases 2, 3 and 4, where HARQ-ACK is transmitted on PUSCH. With Alt.1, power scaling of PUSCH with HARQ-ACK seems inevitable. Note that HARQ-ACK has been generally considered to be more important than CSI as it impacts higher layer protocols in case of DTX to ACK error. This is the reason why a higher error quality target is required for HARQ-ACK detection. Unfortunately, Alt.1 does not obey this basic principle as it leads to power scaling of PUSCH with HARQ-ACK in Case 2 and essentially prioritizes CSI over HARQ-ACK information. 
In the following, we further discuss the other possible UL channel combinations and provide our preferences. 
· PRACH of SCells + Others: In the last RAN1 meeting, it was agreed that PRACH to PCell has the highest priority to ensure a constant PRACH transmission power for its duration in dual connectivity; otherwise, the orthogonality of cyclic shifts will be destroyed. For the same reason, SeNB PRACH should be also prioritized over other channels except MeNB PRACH. Also, power on SCell PRACH is never scaled. 
· SR + Others: SR is used to indicate that the UE has some data to transmit toward one eNB. We generally think SR needs to be considered at the same priority level as HARQ-ACK. Moreover, we think the network typically can handle the SR configurations to avoid simutanous SR transmissions from a UE to two CGs because SR resources are configured by two eNBs but signaled by MeNB only. If this still happens, SR on MeNB should be prioritized as MeNB is typically more important and there may be a delay-sentive application such as measument reporting for MeNB. 
· CSI: A-CSI signaling is prioritized over all other remaining UL channels as in Rel-11. Also, A-CSI to the MeNB is prioritized over that to the SeNB as MeNB maintains the the RRC connection to a UE. Moreover, the Rel-11 rule can be reused for P-CSI channel handling. 
· SRS: There is nothing fundermentally different to SRS power scaling compared to Rel-11. Therefore, we propose to reuse the Rel-11 principle.
To summarize, the following UL channel priorization order is proposed for a UE with dual connectivity in case of power limitation:
Proposal 2: 
· For potential combination of different UL channels to two eNBs, the priority order is defined as follows (from high to low): PCell PRACH > Other PRACH > HARQ-ACK = SR > A-CSI > P-CSI > Data
· UL transmission on MeNB is prioritized in case of same type of UL channel combination. 
2.3 On “look-ahead” operation

It has been agreed that dual connecitivity should be supported both in synchronized and asynchronized networks. As illustrated in Figure 1, the maximum offset between UL channels to two eNBs can vary from ~30 us (e.g., in synchronized case) to ~1 ms (e.g., in asynchronized case), which needs to be taken into account in the discussion on power scaling mechanism application. 
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Figure 1: Illustration of UL channel overlapping in dual connecitivty
In the RAN1 email reflector discussion [3], the term look-ahead refers to the case where the UE knows the actual UL transmission power in the latter part of the overlapped portion (e.g., Part 1 for subframe n and Part 2 for subframe m in Figure 1 above). 
One of the relevant open issues is whether look-ahead behavior is mandated for dual connecitivity capable UEs. 
RAN1 has earlier agreed that two types of UE behaviors for power scaling need to considered, one is UCI type based prioritization across CGs if look-ahead is supported and the other is higher priority for earlier transmission. 
Supporting look-ahead operation in the asynchronized case would make the UCI type based power scaling scheme become a unified solution and, consequently, achieve more efficient usage of UE power resources. However, concerns have been raised that it may significantly increase the UE processing requirement due to reduced processing time. 
We consider as a realistic approach leaving the use of “look-ahead” to UE implementation for the considered cases. In more detail, one possible way is to define a condition when the maximum uplink transmission timing difference between TAGs is less than a particular value Y (e.g., Y >= 30us). Then, the UE is required to take look-ahead behavior if this condition is fulfilled; otherwise, the UE is allowed to autonomously decide whether to use look-ahead based on its own processing capability.  
Proposal 3: 
· For asynchronized case, “look-ahead” operation is supported for power scaling if the maximum uplink transmission timing difference between TAGs is less than Y us; otherwise, it is up to UE implementation whether look-ahead operation is applied. 
· The exact value of Y is FFS. 
2.4 Power Headroom Report (PHR)
A number of agreements for PHR reporting were reached during the RAN1 email discussion [77-15]. In this section, we further discuss the FFS aspects that have been identified but not concluded yet in the email discussion [4], as cited below. We also present our views on each FFS aspect in order to complete the details of PHR reporting for dual connectivity.  
	· Following are FFS until RAN1#78:
· Whether or not PCMAX needs to be introduced in PHR when UE is not configured to always report virtual PH of the activated cells belonging to the other CG/eNB.

· Whether or not real PCMAX,c in PH calculation in case that it is available.

· Whether or not the PHR is calculated using the first overlapped portion in async case.

· Whether or not per-CC PHR is computed before per-CC power-scaling as in Rel.8-11.


For dual connecitivity, UE would report Power Headroom (PH) values for all the active cells to the eNBs based on the existing triggering and reporting rule. As in Rel-10/11, PH is measured and reported separatedly for each active CC. Also, PCMAX,c is reported together with PH for each active CC via a MAC CE, which is the value used for the calculation of the reported per-CC PH. 
In particular, for the PHR of the activiated cells belonging to another CG/eNB, RAN1 agreed UE is configured using higher layer signaling to report one of the following: Either always virtual PH, or actual PH when there is PUCCH/ PUSCH transmission for a cell in the other CG; otherwise, virtual PH. Virtual PHR can be used to estimate pathloss (e.g., for RRM and SCG management) and TPC accumulation information of CCs from other eNB but not for any information on the current scheduled PUSCH (MCS scheme and resource size) or for power conditions on that CC. On the other hand, actual PHR reports the current power status of CCs from the other eNB and can be used for its own scheduling decision assuming there is some correlation between two consecutive scheduling decisions for the other eNB. 
On the first FFS aspect, we currently think there is no need to introduce Pcmax in PHR when UE is not configured to always report virtual PH of the activated cells belonging to the other CG/eNB. The reason is that Pcmax information in subframe t1 does not bring any clear benefit for the two eNBs when performing radio resource allocation at a later time instant t2 due to the inherent property of separate scheduling by the two independent schedulers in dual connectivity. In addition, the maximum transmission power Pcmax itself can be dynamically varied on a per-subframe basis depending on the MPR or A-MPR value so it is questionable how much value the Pcmax report inclusion will have for future scheduling opportunities and whether it can justify the associated signaling overhead increase. 
On the second FFS aspect, we are not aware of any convincing benefit from using real PCMAX,c for virtual PH calculation as well as adding this value into the virtual PHR. Hence, we think the baseline would be to reuse the Rel-11 virtual PHR reporting mechanism unless clear benefits are demonstrated at a later stage. In our view, if real PCMAX,c is indeed desirable at the eNB scheduler, a natural choice by the eNB is to configure the actual PH, instead of the vitual PH, for the activated cells belonging to another CG/eNB. 
Another FFS aspect is which of the overlapped subframes is used for PHR computation in the asynchronized case. As seen in Figure 2, subframe i of one CG/eNB may partially overlap with two consecutive subframes, m and m+1, of the other CG/eNB. The fact that the UE whould have to consider two overlapped subframes transmitted to the other eNB when calculating PH would make the PHR process complicated and require faster processing time at the UE side taking into account the operation of encoding PHR into MAC CE. We therefore prefer to use the first overlapped subframe for PHR computation. In the example of Figure 2, assuming PHRs for two eNBs are transmitted in subframe i of CC from MeNB, the UE uses subfame m to calculate the PHR for SeNB instead of subfame m+1. 
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Figure 2: UL transmission in the asynchronized case
As in Rel-8-11, we believe that the PH should be reported before power scaling is applied at the UE in order to reflect the scheduled power in relation to the available maximum power. 
Proposal 4: 
· There is no need to include PCMAX in PHR when UE is not configured to always report virtual PH of the activated cells belonging to the other CG/eNB.
· There is no need to include real PCMAX,c  in PH calculation if “always virtual PHR” is configured for CCs belonging to the other CG/eNB.
· For the asynchronized case, PHR is calculated using the first overlapped subframe. 
· Per-CC PHR is computed before per-CC power-scaling as in Rel.8-11. 
3 Conclusions
This contribution discussed the remaining issues on uplink power control for dual connectivity. It is proposed that RAN1 discusses and agrees on the following proposals:
Proposal 1: 

· Confirm the working assumption that PMeNB and PSeNB are defined as ratios of Pcmax.
· PMeNB and PSeNB are configured by MeNB with a bitmap of 4 bits to indicate one of 16 different values in the range of [0…100]%. 

Proposal 2: 
· For potential combination of different UL channels to two eNBs, the priority order is defined as follows (from high to low): PCell PRACH > Other PRACH > HARQ-ACK = SR > A-CSI > P-CSI > Data

· UL transmission on MeNB is prioritized in case of same type of UL channel combination. 

Proposal 3: 
· For asynchronized case, “look-ahead” operation is supported for power scaling if the maximum uplink transmission timing difference between TAGs is less than Y us; otherwise, it is up to UE implementation whether look-ahead operation is applied. 

· The exact value of Y is FFS. 

Proposal 4: 
· There is no need to include PCMAX in PHR when UE is not configured to always report virtual PH of the activated cells belonging to the other CG/eNB.

· There is no need to include real PCMAX,c  in PH calculation if “always virtual PHR” is configured for CCs belonging to the other CG/eNB.

· For the asynchronized case, PHR is calculated using the first overlapped subframe. 

· Per-CC PHR is computed before per-CC power-scaling as in Rel.8-11. 
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Table 1: Comparasion of two alternatives for UL channel prioritization in power limited case
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