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1. Introduction

Most aspects of uplink power control for Dual Connectivity have been finalized for Rel-12. This contribution discusses several outstanding aspects including clarification of UE behavior for synchronous and asynchronous deployment scenarios and prioritization rules in case of UL power limitation.
2. Clarification of synchronous and asynchronous scenarios 
A UE configured for Dual Connectivity may be configured with guaranteed powers for each cell group (CG). How the UE applies any residual power to one or both CGs depends on whether the DC scenario is classified as synchronous or asynchronous. RAN4 has classified synchronous/asynchronous scenarios in terms of the relative received timing difference at the UE. However, for UL power control we are interested in the relative UL timing difference (33µs is the working assumption) between cell groups to determine how to allocate residual power across CGs. 
For the synchronous case it is agreed that any residual power may be shared across CGs and the UE applies a priority rule based on UCI type – denoted as DC power control mode 1. In contrast, for the asynchronous case any residual power is made available to the CG associated with an earlier transmission – denoted as DC power control mode 2. An unresolved issue is whether the network needs to know which DC PC mode is applied by the UE. To resolve this issue, four possible cases were enumerated and discussed at length in a RAN1 email discussion [1]. In the context of UL power control, we simplify the respective descriptions in [1] as follows:

· Case 1: MeNB and SeNB are synchronized and the maximum uplink timing difference between signals to PCell and pSCell is equal to or less than [33us]. 

· Case2: MeNB and SeNB are not synchronized and the maximum uplink timing difference between signals to PCell and pSCell is larger than [33us].

· Case3: MeNB and SeNB are synchronized and the maximum uplink timing difference between signals to PCell and pSCell is larger than [33us].

· Case4: MeNB and SeNB are not synchronized and the maximum uplink timing difference between signals to PCell and pSCell is equal to or less than [33us].

The main question to answer is how system operation is enhanced if both MeNB and SeNB know which DC PC mode is used by the UE. Regarding the synchronized cases (Cases 1 and 3) it is beneficial for the network and UE to have the same understanding on PC mode. For example, if most DL traffic is offloaded to the SeNB, then HARQ-ACK is more often transmitted on PUCCH to the SeNB and since HARQ-ACK has priority it simplifies the SeNB scheduler to know that residual power is used efficiently (i.e. using PC Mode 1). 
It was observed during the email discussion of [1] that Case 3 can be avoided by appropriate DC deployment e.g. typical cell sizes for DC operation would not result in a timing difference approaching 33us. Therefore, from an operational standpoint there is no need to signal PC mode to the UE when the network is synchronized. 

Observation: if Case 3 is not a valid deployment scenario, there is no need to signal DC PC mode to the UE when the serving eNBs are synchronized.

When the eNBs are not synchronized (Cases 2 and 4), the eNB assumes the UE is using PC Mode 2. As long as the relative timing is unknown to the network, each eNB’s scheduling is sort of worst-case e.g. setting the configured power allocations PMeNB and PSeNB to guarantee a minimum QoS. If on the other hand the relative UL timing difference at the UE is less than [33µs], the UE may do something more efficient in terms of prioritizing according to UCI types across CGs. Although such an optimization may offer improved DL or UL throughput for power-limited cases, the eNB scheduler cannot exploit this knowledge since scheduling is totally independent across CGs. Therefore, there does not appear to be any tangible benefit for network-UE alignment on DC PC mode for the asynchronous case.
Observation: from a scheduling perspective, there is no need to signal the DC PC mode to the UE when the serving eNBs are not synchronized.

Another aspect to consider is whether the PC mode needs to be tested. First, it was noted during the email discussion that RAN4 has defined a DC capability in terms of whether a UE supports Synchronous-only or Synchronous + Asynchronous operation. Clearly, if a UE supports Synchronous-only operation, DC PC mode 1 is the only alternative and does not need to be signaled as the network should (would) not configure DC for this UE if the network is not synchronized. For UEs that support Synchronous + Asynchronous DC operation it should be up to RAN4 to determine whether for testing purposes it is beneficial for the network to configure the UE with the PC mode. 

It was mentioned during the email discussion that there may be cases where a UE configured for DC is situated such that the UL timing difference is right around the [33µs] boundary. Hence, due to mobility there may be a Ping-Pong effect in the applied PC mode across consecutive subframes. Proposed solutions include long-term averaging to smooth out such fluctuations. If Case 3 is not a valid scenario then such fluctuations only occur for Case 4, which as shown above should not be an issue for the network. Therefore, if a solution is required to simplify UE behavior it can be left to UE implementation. 

Proposal 1: UE-selection of DC power control mode is sufficient 

· The UE applies DC PC mode 1 if the maximum uplink timing difference between CGs is equal to or less than [33us]
· Otherwise, the UE applies DC PC mode 2
· For UEs at the boundary of [33us] preventing fluctuations in PC mode selection can be left to UE implementation
3. Outstanding Aspects of Prioritization
3.1. PRACH Prioritization

PRACH prioritization across CGs is yet another unresolved issue. It was agreed in [2] not to optimize PUSCH transmissions containing a Random Access (RA) Msg3, the main reason being that Msg3 can rely on HARQ retransmissions for typical DC deployment cases. 

A second aspect involves prioritization of RA preamble transmissions across CGs. The three main options during the email discussion were:

· Option 1: PCell PRACH > other PRACHs > other channels/signals
· Priority among other PRACHs is up to UE implementation
· Option 2: PCell PRACH > pSCell PRACH > other PRACHs > other channels/signals

· Priority among other PRACHs is up to UE implementation

· Option 3: Priority among PRACHs is up to UE implementation
First, it should be clarified what this prioritization means in the context of the synchronous/asynchronous classification. For the asynchronous scenario, power allocation to a later PRACH in a first CG can only use leftover power from an earlier transmission in the second CG as the UE may not be able to “look-ahead”. Therefore, the options above should only apply to the synchronous case. 
As discussed in [2] RAN1 already agreed in RAN1 #77 that PRACH to PCell has the highest priority. This precludes Option 3 from further discussion unless there is consensus to revert the previous agreement. Regarding Option 2 similar motivations apply as to why PCell PRACH was prioritized, namely to maintain a connection to the SeNB. One difference is that PCell PRACH is needed to maintain the RRC connection (prevent RLF) whereas a SeNB RLF event does not have the same consequences as a PCell RLF event. It is also worth noting that SCell PRACH is scheduled by the serving eNB whereas pSCell PRACH could either be scheduled or initiated by the UE. It may therefore be argued that at least for UE-initiated pSCell PRACH transmission, the UE may slightly delay transmission in favor of a scheduled SCell PRACH transmission in the MCG. On the other hand a counter argument may be given that when the SeNB schedules PRACH on the pSCell this should take precedence overs SCell PRACH transmissions in the MCG.
Observation: Given the relative advantages and disadvantages of prioritizing pSCell PRACH over SCell PRACH in the MCG, a reasonable conclusion is to leave further PRACH prioritization to the UE implementation.  
3.2. Other Aspects

Regarding the prioritization rule across CGs for the synchronous case, the following outcome was reached at RAN1 #78:

· At least for PUCCH/PUSCH, remaining power is allocated on a per-transmission basis

· For synchronous case when UE apply priority rule for PUCCH/PUSCH across CGs, the priority rule for PUCCH/PUSCH across CGs to utilize remaining power is as the followings

· HARQ-ACK = SR > CSI > PUSCH without UCI 
· FFS: Priority between periodic and aperiodic CSI
· If a channel has more than one type of UCI, the prioritization across CG is based on the highest priority UCI type

· The same UCI type collides, MCG gets higher priority over SCG

· FFS whether priority rule based on channel type is considered

· If considered, the same UCI type collides, channel type of PUCCH gets higher priority over PUSCH

· If considered, the same UCI type with same channel type collides, MCG gets higher priority over SCG

· FFS on the priority between HARQ-ACK and SR
· FFS: For asynchronous case with the case that transmission timing difference is very small (e.g., around 33 micro sec), the priority rule for PUCCH/PUSCH across CGs to utilize remaining power
· FFS: UE can drop PUSCH and piggy back the multiplexed HARQ-ACK onto PUCCH in power limited case

Regarding tie-breaks between MCG and SCG for the same UCI type, our understanding is that MCG was given higher priority since the MeNB provides the anchor to the network. Even though, PUCCH power requirement may be lower than PUSCH, the important aspect is the UCI content and not the channel on which the information is conveyed. Since it is already agreed to prioritize according to UCI type further optimization based on the channel type conveying UCI may not be needed.

Observation: additional specification of inter-CG prioritization rules according to channel type is not necessary for DC operation 

Another unresolved aspect is how to better protect HARQ-ACK feedback in the power limited case. As HARQ-ACK may be multiplexed with UL-SCH data on a large resource allocation, the PUSCH transmission may be penalized, which unfairly penalizes HARQ-ACK feedback. Hence, it is proposed to drop PUSCH and instead transmit HARQ-ACK on PUCCH if the required PUCCH power would ensure that HARQ-ACK is not dropped. This proposal needs careful consideration because if the eNB detects PUCCH but not PUSCH it cannot determine whether the UE missed the UL grant or whether the UE dropped PUSCH and transmitted on PUCCH because of a power limitation. 
Observation: Dropping PUSCH and piggybacking HARQ-ACK on PUCCH in a power limited scenario may lead to eNB ambiguity as to why PUSCH was not transmitted.
4. Conclusion

This contribution addressed several outstanding aspects of uplink power control/allocation for Dual Connectivity. We propose the following: 
· UE-selection of DC power control mode is sufficient
· The UE applies DC PC mode 1 if the maximum uplink timing difference between CGs is equal to or less than [33us]
· Otherwise, the UE applies DC PC mode 2
· For UEs at the boundary of [33us] preventing fluctuations in PC mode selection can be left to UE implementation
· PRACH prioritization: Given the relative advantages and disadvantages of prioritizing pSCell PRACH over SCell PRACH in the MCG, a reasonable conclusion is to leave further PRACH prioritization to the UE implementation.
· Option 1 can be adopted i.e. PCell PRACH > other PRACHs > other channels/signals
· Priority among other PRACHs is up to UE implementation
· Observations on additional aspects of PUCCH/PUSCH prioritization
· Additional specification of prioritization rules according to channel type is not necessary for DC operation
· Dropping PUSCH and piggybacking HARQ-ACK on PUCCH in a power limited scenario may lead to eNB ambiguity as to why PUSCH was not transmitted
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