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1. Introduction
In RAN1#78 the following agreements were made [1].

	Agreements:
· At least for PUCCH and PUSCH, for asynchronous dual-connectivity,
· All remaining power is first made available to CG associate with earlier transmission

· No-Look-ahead (for the case that transmission timing difference is larger than around 33 micro sec) is specified as the UE behavior

· Definition of synchronous and asynchronous dual-connectivity is according to RAN4
· Timing relationship in any TA groups should be clarified in RAN4

· FFS: For asynchronous dual connectivity with the case that transmission timing difference is very small (e.g., around 33 micro sec)
Agreements:
· At least for PUCCH and PUSCH, for asynchronous dual-connectivity,

· All remaining power is first made available to CG associate with earlier transmission

· No-Look-ahead (for the case that transmission timing difference is larger than around 33 micro sec) is specified as the UE behavior

· Definition of synchronous and asynchronous dual-connectivity is according to RAN4

· Timing relationship in any TA groups should be clarified in RAN4

· FFS: For asynchronous dual connectivity with the case that transmission timing difference is very small (e.g., around 33 micro sec)

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

·  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: 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

· FFS: How/whether to ensure eNB and UE have the same understanding of synchronous case
Regarding synchronous and asynchronous case clarification:

· Option 1. Network signal

· Network can signal whether the scenario is synchronized

· In synchronous case, UE applies priority rule based on UCI type

· In asynchronous case,

· Option A. UE always prioritize CG associated with earlier transmission

· Option B. UE applies priority rule based on UCI type if transmission timing difference is less than [33us], otherwise, UE prioritizes CG associated with earlier transmission

· Option 1-B-1: UE signals which priority rule is used

· Option 1-B-2: UE does not signal which priority rule is used

· Option 2. UE based solution

· UE applies priority rule based on UCI type if transmission timing difference is less than [33us], otherwise, UE prioritizes CG associated with earlier transmission. 

· Option 2-1: UE signals which priority rule is used 

· Option 2-2: UE does not signal which priority rule is used

· Option 3. UE based solution

· If UE can determine synchronous case, UE applies priority rule based on UCI type

· FFS how to determine synchronous case

· In asynchronous case,

· UE always prioritize CG associated with earlier transmission

Email discussion until 9/15 to achieve a down selection among above options – Yunjung (LG)



In the mail discussion following RAN1 #78 [2] the above options were related to one of four identified cases of synchronous/asynchronous operation of UE and network (understood as the pair formed by the MeNB and an SeNB).
2. Network operation assumptions
2.1. Synchronicity condition


A UE can consider the network to be synchronized if its uplink transmissions to MeNB and SeNB are separated in time by less than a given threshold. Over that threshold the transmission is considered unsynchronized.


In the agreements, the value of that threshold has been equated by RAN1 to the value that RAN4 decided for synchronicity between multiple TA with carrier aggregation (33 (s), despite some companies expressing their view that for instance 60 (s would also be an appropriate threshold [4] (we think that we should have consulted RAN4 about this specific case).
2.2. Power control

Power control is performed differently at the UE under synchronous and asynchronous operation: 

· Under synchronous operation the UE transmits to MeNB and SeNB at the same time, and therefore knows what information is sent to each of them. This knowledge enables the UE to perform proper prioritization according to the UCI data present in each signal (mode 1). 

· Under asynchronous operation the UE transmits to one of the eNBs without knowing whether a transmission to the other eNB will take place during the transmission period. Accordingly, the UE reserves some power for a potential second transmission and makes all the remaining power available for the first transmission (mode 2).

The eNB is also likely to behave differently in each case:

· Under synchronous operation the eNB can relax the reserved power requirements, giving more flexibility to the UE (PMeNB + PSeNB << 100%). 
· Under asynchronous operation the eNB will probably give less flexibility to UEs and set a higher requirement for reserved power, to avoid the situation in which transmissions to one eNB are strangled by the transmissions to the other (PMeNB + PSeNB ( 100%).


The current discussion on this topic is about whether the UE and the network need to have a common understanding on which power control mode is applied at the UE or not. Some signalling would be needed if it is necessary (reducing the network efficiency), while misunderstandings may occur if it is not considered necessary. Before taking a decision it is important to review the possible scenarios if common understanding is not ensured.
3. Discussion
3.1. Possible scenarios if common understanding is not ensured

For clarification, in the description of the following scenarios we consider the "network" to be the pair formed by an MeNB and an SeNB, and therefore we say that a network is synchronized when the SeNB is synchronized with the MeNB.


In addition, a UE can consider the network to be synchronized if its uplink transmissions to MeNB and SeNB are separated in time by less than 33 (s.
1. The network is synchronized and the UE considers it to be synchronized.


There is no misunderstanding, the eNB sets the reserved power requirements assuming synchronous operation and the UE applies mode 1.
2. The network is unsynchronized and the UE considers it to be unsynchronized.


There is no misunderstanding, the eNB sets the reserved power requirements assuming asynchronous operation and the UE applies mode 2.

3. The network is synchronized but the UE considers it to be unsynchronized.


In this case, if the eNB does perform synchronous operation, it would set the reserved power requirements assuming synchronous operation (PMeNB + PSeNB ( 100%), which are more relaxed than those of asynchronous operation (PMeNB + PSeNB << 100%). However, the UE operates in mode 2, assigning higher priority to the first transmission, which may lead to the second transmission being nullified for the whole duration of the communication.


Nevertheless, the likelihood of this scenario is very small for dual connectivity. When the network is synchronized, in order for the UE to detect it as unsynchronized, the distance between the MeNB and the SeNB should be around 9-10 Km, which is not a reasonable use case. These distances are typical of rural scenarios, but in these cases we think that operators would rather increase the capacity in a general area (through a new macro cell) rather than in a small spot 9 Km away from the macro cell (through a small cell).

Accordingly, we shouldn't take decisions based on this case, as it is irrelevant for our discussion.

4. The network is unsynchronized but the UE considers it to be synchronized.


The eNB sets the reserved power requirements assuming asynchronous operation (PMeNB + PSeNB ( 100%), but the UE applies mode 1. In this case the UE performs at least as well as in scenario 2, better in most occasions due to the extra knowledge it has about the configuration of both transmissions. That said, part of the flexibility given by mode 1 relies on the relaxed reserved power requirements of synchronous operation (PMeNB + PSeNB << 100%), and therefore the stricter mode 2 would prevent the UE to perform as well as it would in scenario 1.
3.2. UE decision vs. network signalling

For the reasons stated in the previous section we don't see the need to introduce any special mechanism to avoid misalignment between UEs and eNBs, as we consider this case to be very unlikely. Furthermore, introducing specific signalling would harm the network efficiency, and would result in an unwelcome specification impact at this stage, as not only we would need to define this signalling but its fallback mechanism as well.
The decision seems to boil down to either worsening the efficiency of the network (signalling) or increasing the complexity of the UE (no signalling). We don't think the increase in complexity is significant, and thus we prefer to leave the determination of synchronicity to the UE.

As we are not convinced of the suitability of the value of 33 (s as synchronicity threshold we would prefer to support option 3 over option 2-B, but under the current agreements we give our support to option 2-B.
Proposal 1: the UE applies power control mode 1 if the transmission timing difference is lower than 33 (s and mode 2 otherwise (option 2-B). 

4. Conclusion


For the reasons explained in this contribution we think it is not necessary for eNB and UE to have a common understanding on the DC power control mode. The DC power control mode should always be selected by the UE based on the transmission timing difference.
Proposal 1: the UE applies power control mode 1 if the transmission timing difference is lower than 33 (s and mode 2 otherwise (option 2-B). 
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