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1. Introduction

In RAN1 #78, fruitful agreements on UL power control in dual connectivity are made as follows.

Agreement:
· Confirm the working assumption that PMeNB and PSeNB are defined as ratios of PCMAX (in %)

· PCMAX above is a linear domain value.

· PMeNB+PSeNB>100% is not allowed.

· PMeNB=100%, PSeNB=100%, PMeNB+PSeNB=100%, PMeNB+PSeNB<100%, are supported.
· PMeNB=100% and PSeNB=100% do not change assumptions that UE supports at least 2 UL carriers for dual connectivity

Agreements:
· RAN1 recommends RAN2 that total 16 entries for each of PMeNB or PSeNB

Agreements:
· Each value of the RRC signalling for the guaranteed power for a CG indicates an index to one of the following:

· 0%, 5%, 10%, 15%, 20%, 30%, 37%, 44%, 50%, 56%, 63%, 70%, 80%, 90%, 95%, 100%
· These values will be captured in RAN1 specification

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

· 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

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

Also, there is an e-mail discussion after RAN1#78 on the clarification on synchronous/asynchronous scenario for DC. In this contribution, we provide our views on some remaining details of UL power control in DC, which includes the details of power control mode 1 (where priority rule is across CGs), power control mode selection, and PxeNB in power control mode 2 (where earlier transmission is prioritized).
2. Discussion
2.1 The Details of Power Control Mode 1
In RAN1 #78, it is agreed that 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. And it is FFS whether priority rule based on channel type is considered. From our perspective, priority rule based on channel is worth considering. Power scaling on PUSCH with UCI is more acceptable compared to PUCCH. On the other hand, allocating power to PUSCH with HARQ-ACK also allocates the corresponding data symbols, which has lower priority. We believe that priority rule based on channel type should be considered. In other words, the priority rule in power control mode 1 is given by PUCCH w/ HARQ-ACK/SR of MCG > PUCCH w/ HARQ-ACK/SR of SCG > PUSCH w/ HARQ-ACK of MCG > PUSCH w/ HARQ-ACK of SCG > PUCCH w/ CSI only of MCG > PUCCH w/ CSI only of SCG > PUSCH w/ CSI only of MCG > PUSCH w/ CSI only of SCG > PUSCH wo/ UCI of MCG > PUSCH wo/ UCI of SCG.
Proposal 1: Priority rule based on channel type is considered in power control mode 1.

Another minor issue needs to be clarified is the meaning of PUSCH wo/ UCI of MCG > PUSCH wo/UCI of SCG. It is noted that there can be multiple PUSCHs for each CG. Therefore, it is not clear that whether the power is allocated to all PUSCHs of MCG first and allocated to PUSCHs of SCG then or not. Another possibility is that firstly power is allocated to one PUSCH of MCG, and then to another PUSCH of SCG. After that, if there is remaining power left, the power is allocated to another PUSCH of MCG and then to another PUSCH of SCG. In other words, the power is allocated to PUSCHs to both CGs in turn where MCG has higher priority.
Proposal 2: The meaning of PUSCH without UCI of MCG is prioritized over PUSCH without UCI of SCG should be clarified since there can be multiple PUSCHs in each CG.
2.2 Power Control Mode Selection
There is an e-mail discussion after RAN1#78 on the clarification on synchronous/asynchronous scenario for DC. Although companies have quite diverse views, basically they are among two major alternatives:
1. Network-based approach

· A signaling bit is transmitted from eNB to UE to indicate which power control mode should be used.

· Pros: No misalignment between eNB and UE, consistent scheduling policy, no dynamic switching between modes, no need of UE measurement on UL timing difference.

· Cons: Signaling overhead, lower power utilization in case 4.

2. UE-based approach

· UE selects power control mode based on the uplink timing difference.
· Pros: No signaling overhead, better power utilization in case 4.

· Cons: Switching between modes can be frequent, eNB has no knowledge about UE behavior, UE may need measurement on UL timing difference.

From our perspective, we do think misalignment on power control mode between eNB and UE does not happen often (Case 3 is regarded as an error case and only case 4 leads to misalignment). It implies that it may be trivial to ensure eNB and UE have same understanding on the used power control mode. On the other hand, using power control mode 1 in asynchronous scenario is regarded as a bonus. Thus, eNB can consistently assume UE uses power control mode 2 in asynchronous scenario (then ping-pong behavior is not an issue). And we do not see a big issue on measurement of UL timing difference (UE should have knowledge about it to operate correctly). Therefore, we slightly prefer to have UE-based approach. Yet, we do not have strong preference. Since both alternatives may lead to similar system performance as case 4 is rare, we feel that both alternatives are acceptable.
Proposal 3: UE-based power mode selection is slightly preferred.
2.3 PxeNB in Power Control Mode 2
It is agreed in RAN1 #78 that PxeNB is defined as ratios of Pcmax to avoid additional UE behavior when PMeNB+PSeNB>Pcmax. However, in power control mode 2 which targets on asynchronous scenario, it is still possible that PxeNB cannot be allocated to its configured value even when it is defined as ratios of Pcmax. Although it is agreed that Pcmax is defined by RAN4, it should be straightforward that Pcmax remains a constant for the entire subframe. Since it is agreed that look-ahead is not supported, Pcmax should be configured without considering the later overlapped portion in power control mode 2. It is noted that the Pcmax configured for one subframe can be different from the Pcmax of its overlapped subframes of the other eNB. Take fig.1 for example, Pcmax of subframe n can be different from Pcmax of subframe m-1 and subframe m. For a subframe and its overlapped subframes, PMeNB and PSeNB can be derived based on different Pcmax. Therefore, there are cases that the remaining available power for the subframe is not enough for allocating power to the configured PxeNB.
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Figure 1 asynchronous DC
Taking fig.1 for example, when determining the allocated power of subframe n of MeNB in power control mode 2, Pcmax(n)*ratios_P_SeNB is reserved for transmissions to SeNB in subframe m and transmissions to MeNB in subframe n can use power up to Pcmax(n)*(1- ratios_P_SeNB) and it is assumed that it use power up to this value. After that, when determining the allocated power of subframe m of SeNB, the remaining available power left for subframe m is Pcmax(m)-Pcmax(n)*(1-ratios_P_SeNB). When Pcmax(m)*ratios_P_SeNB is larger than the remaining available power for subframe m, P_SeNB can only be allocated to the remaining available power and cannot be allocated to the configured value. 
To see when this case happens, we have the following equations:
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Above equations show that the configured PSeNB in subframe m which equals to Pcmax(m)*ratios_P_SeNB can be larger than the remaining available power for subframe m when Pcmax(m) is smaller than Pcmax(n) and it seems not a rare case. 
Observation: In asynchronous case, the remaining available power may often be lower than the configured PxeNB. 

Therefore, it should be specified that the configured reserved power PxeNB can sometimes be restricted by the remaining available power in power control mode 2. In this case, PxeNB can only be allocated to the remaining available power.
Proposal 4: It should be specified that the configured reserved power PxeNB can sometimes be restricted by the remaining available power in power control mode 2.

3. Conclusion

In this contribution, we discuss the remaining issues on UL power control in dual connectivity and have the following proposals and observation:
Proposal 1: Priority rule based on channel type is considered in power control mode 1.

Proposal 2: The meaning of PUSCH without UCI of MCG is prioritized over PUSCH without UCI of SCG should be clarified since there can be multiple PUSCHs in each CG.

Proposal 3: UE-based power mode selection is slightly preferred.
Observation: In asynchronous case, the remaining available power may often be lower than the configured PxeNB. 

Proposal 4: It should be specified that the configured reserved power PxeNB can sometimes be restricted by the remaining available power in power control mode 2.
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