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1. Introduction
In RAN #62, the WI “Dual Connectivity for LTE” was approved and since then there has been work and progress in RAN1/2 in supporting dual connectivity (DC) operation for Rel-12. Still, there are a couple of remaining issues in RAN1 including common search space design for SCG, details of UL power control and PHR, PUCCH on SCell in CA, UE capability aspects, etc. In this contribution, we discuss the remaining issues of UL power control and PHR for DC.
2. Discussion
2.1.  Details of UL power control
	Agreements in RAN1 #77:
· In both synchronous and asynchronous cases, at least for PUCCH/PUSCH
· Minimum guaranteed power allocation P_SeNB and/or P_MeNB can be configured
· P_SeNB >=0, P_MeNB >=0
· FFS: P_SeNB+P_MeNB <= PCmax
· FFS: P_SeNB+P_MeNB <= 100%
· 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



On top of the above agreements from the last meeting, one remaining issue of UL power control in DC is to design details of priority rules on UL transmissions across CGs regarding the usage of remaining power. Based on discussion so far, there are mainly three different approaches for the prioritization: 1) channel type based, 2) UCI type based, 3) CG type based. During the email discussion [77-11], the following two alternatives, i.e., one as channel type based one and the other as UCI type based one, were mainly discussed [2].
· Alt. 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.
· Alt. 2: SR ≥ HARQ-ACK > CSI > data without UCI. Tie-break to MCG.
In the current spec, it is written that the priority order across UL transmissions is determined based on their channel types, i.e., PUCCH > PUSCH with UCI > PUSCH without UCI. However, from our understanding, a more fundamental principle behind this is the relative importance of the contents (UCI or data) of each UL transmission. For example, the reason for “PUCCH is prioritized over PUSCH with UCI” is that in the case of PUCCH/PUSCH simultaneous transmission, SR and/or HARQ-ACK is transmitted on PUCCH and CSI which is less important than SR/HARQ-ACK is transmitted on PUSCH.
In contrast, in the DC scenario, channel type based prioritization which is represented by Alt. 1 does not always guarantee higher priority to more important data. As pointed out in [2], according to Alt. 1, periodic CSI on PUCCH in one CG has higher priority than HARQ-ACK on PUSCH in the other CG. As another example, in spite of being the same UCI type, HARQ-ACK on PUCCH in one CG has higher priority than HARQ-ACK on PUSCH in the other CG. The former case is against the Rel-10/11 principle, while the latter case would not be desirable in some cases. In the latter case, if the PUCCH is transmitted in SCG and the PUSCH in MCG, PUSCH can be more important than PUCCH since it may include the SRB.
Considering the above aspects, Alt. 2 seems more acceptable since it does not break the prioritization across the UCI types. On the other hand, in Rel-10/11, effectively the same priority is given to SR and HARQ-ACK since they can be multiplexed and transmitted together in any case. While, this is not the case in DC, where SR and HARQ-ACK can be transmitted on different CGs. For this case, priority order between SR and HARQ-ACK needs to be defined. In our view, SR could be a little bit more urgent than HARQ-ACK. Thus, we think that SR should be prioritized over HARQ-ACK, or they should have the same priority if they belong to different CGs.
On the other hand, in RAN2 #85bis, there was an observation by RAN2 that UL transmission on MCG is more important than that on SCG since it may carry SRBs [3]. By taking into account this point, if the CG type is considered as the top priority, the following scheme seems acceptable.
· Alt. 3: PUCCH on MCG > PUSCH with UCI on MCG > PUSCH without UCI on MCG > PUCCH on SCG > PUSCH with UCI on SCG > PUSCH without UCI on SCG.
According to Alt. 3, all the channels on MCG have higher priority than the channels on SCG regardless of the contents (SR, HARQ-ACK, CSI, and/or data) as they all may contribute to the SRB delivery. A major drawback of Alt. 3 that can be claimed is that since PDSCH/PUSCH transmissions on MCG can “potentially” contain the SRB, when a UL transmission on MCG is irrelevant to the SRB delivery, the UL transmission on MCG can be unnecessarily high-prioritized over SCG transmission.
Our first preference was prioritization based on CG type (Alt. 3 like solution), but considering the already agreed RAN1 principles, Alt. 2 seems a better choice among the discussed alternatives. Adopting Alt. 2 and its principle, prioritization among PRACH transmissions can be followed as PRACH on PCell > PRACH on pSCell > PRACH on SCell on MCG > PRACH on SCell on SCG.
For usage of the remaining power, in our view, UE should try to utilize its available power P_CMAX as much as possible up to what was allocated by the eNB. Therefore, the remaining power should be allowed to be used for both MCG and SCG according to the defined priority rule.
Proposal 1: The following UCI type based prioritization rule is adopted for usage of UL remaining power in DC.
· SR ≥ HARQ-ACK > CSI > data without UCI. Tie-break to MCG.
Proposal 2: PRACH is prioritized over PUCCH/PUSCH, and the prioritization among PRACHs follows
· PRACH on PCell > PRACH on pSCell > PRACH on SCell on MCG > PRACH on SCell on SCG.
Proposal 3: The remaining power should be allocated to be used for both CGs.

2.2.  “Look-ahead” aspects
	Agreements in RAN1 #77:
· In both synchronous and asynchronous cases:
· 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



In RAN4 #71, RAN4 agreed on the definition of synchronized DC operation with respect to DL receive timing difference between PCell and pSCell [4], where the agreed maximum difference is 33 us [4]. However, in terms of UL transmit power control, what is important is how large the UL transmission timing can be different among different CCs and/or eNBs. In the current CA spec, similar definition can be found, where the timing alignment condition among different CCs is defined in terms of both the maximum DL receive timing difference (30.26 us) and the maximum UL transmission timing difference (32.47 us).
If Rel-11 multiple TA-like power control is to be applied to the synchronized DC, the condition of synchronization needs to be clarified also in terms of the UL transmission timing. The clarification should include whether to consider PCell and pSCell only or all the serving cells in MCG and SCG as well. We expect that the latter will be clearer.
Proposal 4: Send an LS to RAN4 to ask to provide the condition for synchronized DC operation in terms of maximum UL timing difference among TAGs.
In the asynchronous DC case, whether and how to support look-ahead operation at the UE side needs to be further discussed. We think that look-ahead of the latter overlapping subframe (up to almost 1ms) is feasible since it only affects the power control part of the overall processing. If this is considered to be realizable, there seems no reason to preclude the look-ahead operation. By look-ahead, UE can fully utilize the transmit power within the P_CMAX, and in addition UL transmissions which have higher priority can be protected. About “how” part, we are not clear about the need of condition “Y” for look-ahead operation [4]. Thus, our preference is that the following two alternatives are considered as baseline and whether to introduce additional condition for look-ahead operation is further discussed in RAN1 #78.
· Alt. 1: UE is mandatory to look-ahead.
· [bookmark: _GoBack]Alt. 2: UE is not mandatory to look-ahead and can choose between look-ahead and not look-ahead.

2.3.  Remaining issues on PHR
	Agreements in RAN1 #77:
· For the PHR of the activated cells belonging to another CG/eNB,
· UE is configured using higher layer signaling to report one of the followings
· Always virtual PH
· Actual PH when there is a PUCCH/PUSCH transmission for a cell in the other CG, otherwise virtual PH



During the email discussion [77-15], the followings were further agreed regarding the PHR [5]:
	Agreements:
· Type 2 PHR for PCell and pSCell whichever belongs to the other CG/eNB is always reported in dual connectivity.
· Send an LS to RAN2 to ask to define corresponding PHR MAC CE.
· New PHR trigger is up to RAN2.
· Working assumptions:
· No additional PH calculation equation other than those in Rel.11 is introduced.
· PHR is not averaged over multiple subframes before reported.
· PHR reporting behavior for the serving cells in the scheduling eNB remains the same as in Rel.11.
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.



In the last RAN1 meeting, for PHR of the other CG, it was agreed to support both of two reporting modes “always virtual PH” and “actual or virtual PH depending on situations”. One remaining issue is whether to define additional information in PHR MAC CE to help eNB’s power control and scheduling decisions.
The first bullet of the FFS part above addresses the issue of including P_CMAX to PHR MAC CE for “both actual/virtual PH” configuration. Basically, knowing P_CMAX at eNB is beneficial for scheduling as P_CMAX is the actual power limit of the UE and it is hard to be estimated from P_CMAX,c and by tracking the UE’s power usage. Especially in DC, P_CMAX is essential at least for MeNB to determine the guaranteed powers P_MeNB and P_SeNB, and it can also be used for overall PH calculation at both eNBs. These advantages would also hold when UE is configured with “always virtual PH”.
Observation 1: In DC, reporting P_CMAX to eNBs is beneficial for power control and scheduling decisions.
The second bullet is the argument for the usage of “V” field and “P_CMAX,c” field in PHR MAC CE when configured with “always virtual PH”. The issue arises here since virtual PH will be reported even if there is actual PUSCH/PUCCH transmission(s). As addressed in [5], it seems that there are two different understanding in RAN1 on the current usage of “V” field in the spec. It should be clarified first but before going to the spec issue, we basically think that as well as “both actual/virtual PH” reporting mode, the “always virtual PH” mode should also support both aggressive and conservative scheduling. To make it possible, some additional information needs to be reported together because, if not, the only thing the eNB can do from the virtual PHR of the other CG would be the pathloss estimation.
As supported by some companies [5], “V” field can be used to indicate whether or not there exists an actual transmission. If the actual transmission exists (“V”=0), the real P_CMAX,c can be encoded together using the existing field. Knowing these information, i.e. the existence of actual transmission in the other CG and/or the other CG’s per-carrier power limit, will help current and future scheduling decisions assuming that consecutive subframe scheduling occurs often. We are not sure how much gain will be provided as it depends on eNB implementation, however, we think that the possible spec impact and 8-bit MAC signaling overhead per-CC would not be very big. Moreover, depending on how the current usage of “V” is clarified, spec impact may not exist at all. For computation of virtual PH, virtual P_CMAX,c can still be used not to give additional uncertainty to the pathloss estimation at eNB.
Proposal 5: For “always virtual PH” configuration, “V” field and “P_CMAX,c” field of PHR MAC CE are used to deliver additional information. For computation of virtual PH, the existing equation based on virtual P_CMAX,c is applied.
3. Conclusions
In this contribution, we have discussed our views on the UL power control and PHR related remaining issues for DC and proposed the followings.
Proposal 1: The following UCI type based prioritization rule is adopted for usage of UL remaining power in DC.
· SR ≥ HARQ-ACK > CSI > data without UCI. Tie-break to MCG.
Proposal 2: PRACH is prioritized over PUCCH/PUSCH, and the prioritization among PRACHs follows
· PRACH on PCell > PRACH on pSCell > PRACH on SCell on MCG > PRACH on SCell on SCG.
Proposal 3: The remaining power should be allocated to be used for both CGs.
Proposal 4: Send an LS to RAN4 to ask to provide the condition for synchronized DC operation in terms of maximum UL timing difference among TAGs.
Observation 1: In DC, reporting P_CMAX to eNBs is beneficial for power control and scheduling decisions.
Proposal 5: For “always virtual PH” configuration, “V” field and “P_CMAX,c” field of PHR MAC CE are used to deliver additional information. For computation of virtual PH, the existing equation based on virtual P_CMAX,c is applied.
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