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Discussion and Decision
1
Introduction
Discussion about uplink power control aspects started in the last RAN1 meeting and the discussion continued in the email [1]. RAN1 should decide how UL power resources are divided between MCG and SCG transmissions using dynamic power sharing and/or semi-static split of power resources. RAN1 should also decide UE behaviour in the case that scheduled UL transmissions require more power than is available at the UE. Both synchronized and unsynchronized operation should be considered. In this contribution we discuss about those issues.
2
UL PC principles in dual connectivity

The UE is typically configured to use dual connectivity, when there is a need to increase DL throughput. In this case it should be possible to transmit DL data in every DL subframe to the UE. In order to support this, Ack/Nack transmissions related to DL transmissions need to be supported in every UL subframe (except in case of TDD with “UL heavy” UL/DL configurations, where the number UL subframes is larger than the number of DL subframes). This means that the UE must be capable of transmitting to both MeNB and SeNB simultaneously, when it is configured to dual connectivity. If UE is close to the edge of coverage with respect to one of the eNBs and can only transmit to one of the eNBs at a time, it is not beneficial to configure dual connectivity to the UE. Also if high UL data rates are needed it is then better not to use dual connectivity but to use full UL power to the transmission to just one eNB.
Observation 1: UE must be capable to transmit to both MeNB and SeNB simultaneously, if it is configured to dual connectivity.

Scheduling of UE transmissions is more challenging than in case of Rel-10/11 CA, because scheduling decisions in the SeNB and in the MeNB cannot be instantaneously coordinated. RAN2 already decided that MeNB decides how UE capabilities are split between MeNB and SeNB: MeNB decides what is needed in MCG and what is left over to be used in SCG. The same principle could be used also for UL power resources of the UE.
Observation 2: UL power resources could be divided between MeNB and SeNB in the same way as other UE capabilities are divided.

In the LS [2] from RAN2 to RAN1 it was said that MCG serving cells carry SRBs and are therefore essential to maintain connection. The question in RAN1 is how PUSCH transmissions that contain SRBs in MCG can be prioritized over lower priority UL transmissions. One way would be to create a new UL channel prioritization rule for UL PC, so that MeNB PUSCH transmissions containing SRBs are prioritized. However, currently in Rel-10/11 CA, PUSCH transmission containing SRBs are not prioritized over e.g. other PUSCH transmissions, but it us up to scheduling eNB to take care that SRB transmissions are not lost, because UE have to scale down power of the transmission. We think that the same method can still be used with DC. If certain amount of UL power resources is guaranteed to be available for transmissions to MeNB, it should be possible for MeNB to schedule PUSCH transmissions so that high priority PUSCH is not accidentally scaled down.
Proposal 1: New UL PC prioritization rule is not introduced for PUSCH transmissions that carry SRBs.
In the last meeting working assumption was made: “Power control changes are not allowed one carrier in the middle of subframe in asynchronous case in dual connectivity”. We think that this is an important principle. For example changing transmission power of 16-QAM transmission in the middle of the subframe could make the detection of some of the symbols to fail. We propose that the working assumption is confirmed.
Proposal 2: WA stating that power control changes are not allowed in the middle of the subframe in asynchronous case should be confirmed.
3
Handling of UE power limitation
In dual connectivity UL power resources of the UE are controlled by two schedulers that cannot coordinate their operation instantaneously. The risk of UE power limitation is higher than in case of CA and UE may have to scale down or drop UL transmissions more often. 
Two approaches can be considered to handle UE power limitation in dual connectivity:

1. Dynamic power sharing: The current Rel-11 UL channel prioritization rules and power scaling rules could be enhanced so that power scaling/dropping of UL channels does not create big problems. This could mean that transmissions to MeNB are prioritized over SeNB and/or priority of different UCI transmissions is SeNB and MeNB is enhanced e.g. so that priority order is: PUCCH with SR > PUCCH/PUSCH with ACK/NACK > PUCCH/PUSCH with CSI > PUSCH without UCI

2. Semi-static split of UL power resources between MeNB and SeNB. Within MeNB or SeNB Rel-11 power scaling/prioritization rules could be used in this case. Drawback of the strict power split is that UE would sometimes had to unnecessarily scale down power for transmission to one of the eNBs while UE is still not yet reached its maximum power limit.
If dynamic power sharing is used, new UL power prioritization/scaling rules are needed. One approach is to always prioritize transmissions to MeNB. This would result in rather simple implementation. However, traffic in SCG is not always just best effort traffic that can be easily dropped, e.g. RAN2 has decided that voice service is allowed in SeNB. Also scaling/dropping of PUCCH transmission in the SCG because of SRS transmission in the MCG is not appropriate. Probably more reasonable is to use current Rel-10/11 prioritization/scaling rules with dual connectivity and in the case that same UL channel is transmitted to both MeNB and SeNB, prioritize transmission to MeNB. Of course in this case there a risk that PUSCH transmissions related to RRC signalling are scaled down because of e.g. PUCCH containing CSI is at the same time transmitted to the SeNB. In general it is difficult to find a simple and optimal prioritization rule for every case.
In the RAN1#76 meeting it was agreed that dual connectivity should be supported both in synchronized and unsynchronized networks. Current power scaling and prioritization rules assume that subframe boundaries are aligned between different cells. It would be difficult to define power scaling/channel prioritization rules for unsynchronized case. The fact that UE would have to consider priority of the two overlapping subframes that are transmitted to the other eNB when deciding priority of the current transmission would make the process complicated and require faster processing time in the UE. We therefore think that semi-static power split should be used in unsynchronized case, when there are UL transmissions to both MeNB and SeNB from the UE. However, it should be possible for the UE to determine without significant increase in UE processing requirements, if there is going to be overlapping transmission to MeNB and SeNB or not. If the UE is just transmitting to one of the eNBs, UE should be able to utilize full power in the transmission.
Proposal 3: If the MeNB and SeNB are not synchronized UE applies eNBs specific maximum power limits to cope with UE maximum power limitation.
Proposal 4: In unsynchronized case if UE transmission to one of the eNBs is not overlapping with any transmission to the other eNB, all the power resources of the UE can be used for the transmission to one of the eNBs (i.e. semi-statically configured eNB specific maximum power limit can be ignored in this case).
In the synchronized case dynamic power sharing and enhancements to prioritization/scaling rules can be considered. We think that adopting the same method to the synchronized case as was proposed to the unsynchronized case would result in simple implementation but strict semi-static power split would result in inefficient usage of power resources. In synchronized case better coordination between MeNB and SeNB is possible. For example if MeNB uses FDD and SeNB TDD, it is possible to utilize the fact that in some subframes UL transmission is only possible to MeNB. It is also possible that eNBs agree on some other UL scheduling restrictions (e.g. so that PUSCH is not used in every MCG subframe). Similarly as in unsynchronized case, UE could be allowed to use all the power resources to transmission to one of the eNBs, if there is not transmission to the other eNB in the same subframe. In addition high priority channels like PRACH or PUCCH could be allowed to use higher power than the value that is indicated in the semi-statically configured limit. Pure dynamic power sharing is also possible in case of synchronized networks. However, it may be difficult to find good prioritization rules for different UL channels in MeNB and SeNB as discussed above. Based on this we think that:

· We do not see dynamic power sharing as feasible solution in unsynchronized case 

· Therefore semi-static power sharing is needed at least for unsynchronized case

· In order to simplify specifications we propose to use same power control prioritization rules defined for synchronized case in unsynchronized case as well

One approach to avoid new prioritization rules could be to specify multiple semi static power split values between eNBs so that the power split depends on which UL channels are actually transmitted to MeNB and SeNB. This would enable more efficient usage of power resources and UL scheduling would also be more efficient.
Proposal 5: If transmissions from the MeNB and SeNB are synchronized, semi-static split of power resources is used only when UE becomes power limited with overlapping transmissions towards MeNB and SeNB.
4
Conclusions

In this contribution issues related to uplink power control in case of dual connectivity were discussed. When deciding UL PC operation for dual connectivity following issues should be taken into account:

· Priority of UL channels should be considered

· Scheduling of UL transmissions should not be complicated and unexpected dropping/scaling of UL transmissions should be avoided
· UE implementation complexity should be considered

· Current UL PC mechanisms should be reused as much as possible
We have the following observations and proposals:
Observation 1: UE must be capable to transmit to both MeNB and SeNB simultaneously, if it is configured to dual connectivity.

Observation 2: UL power resources could be divided between MeNB and SeNB in the same way as other UE capabilities are divided.

Proposal 1: New UL PC prioritization rule is not introduced for PUSCH transmissions that carry SRBs.
Proposal 2: Working assumption stating that power control changes are not allowed in the middle of the subframe in asynchronous case should be confirmed.

Proposal 3: If the MeNB and SeNB are not synchronized UE applies eNBs specific maximum power limits to cope with UE maximum power limitation.

Proposal 4: In unsynchronized case if UE transmission to one of the eNBs is not overlapping with any transmission to the other eNB, all the power resources of the UE can be used for the transmission to one of the eNBs (i.e. semi-statically configured eNB specific maximum power limit can be ignored in this case).
Proposal 5: If transmissions from the MeNB and SeNB are synchronized, semi-static split of power resources is used only when UE becomes power limited with overlapping transmissions towards MeNB and SeNB.
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