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1
Introduction
In dual connectivity, a UE is simultaneously connected to both a Master eNB (MeNB) and a Secondary eNB (SeNB). The backhaul link between MeNB and SeNB is non-ideal so that signaling delay between the eNBs can be high and the bit rate is limited. In dual connectivity radio resources of the UE are controlled by two distinct schedulers, located in the MeNB and in the SeNB.
In dual connectivity some of the UL transmissions are intended to be received in the MeNB and some in the SeNB. UL power control should be based on the intended reception point. SeNB should control UL transmissions targeted to the SeNB and this should be the case for UL PC as well. As the scheduling decisions in the SeNB and in the MeNB cannot be instantaneously coordinated, there is higher probability than in CA, that UE receives UL grants, which result in power limitation in the UE. In the last meeting working assumption was made so that dual connectivity should support also the scenarios where UE can not assume any maximum timing difference from MeNB and SeNB. Because of these issues, modifications to UL power control need to be considered. In this contribution we present our view on the needed changes.
2
UL PC in SeNB
In the LTE releases 8 – 11 PUCCH is always sent on the PCell, but in the case of dual connectivity this is not possible anymore. Backhaul delays do not enable the operation where for example ACK/NACKs related to DL transmission from the SCell of SeNB would be transmitted in the PCell and then routed to the SeNB SCell via backhaul.
In dual connectivity it is necessary to specify both PCell PUCCH transmitted to the MeNB and SeNB PUCCH transmitted to the SeNB. In the last meeting it was agreed that in the SCG, PUCCH is transmitted in the pSCell (primary SCell). The pSCell PUCCH is received at a different reception point than the PCell PUCCH and UCI in the pSCell PUCCH is related to DL transmissions in the SeNB, so it is clear that power control parameters and closed loop TPC commands of the pSCell PUCCH need to be configured independently from PCell PUCCH. In the current specification pathloss value in the PUCCH PC formula is based on RSRP measurement in the PCell, but in the SeNB RSRP of the pSCell should be used. We have the following proposals: 
Proposal 1: Alpha and Po values in the pSCell PUCCH PC formula are configured independently from the values used in PCell. 
Proposal 2: Pathloss value in the pSCell PUCCH PC formula is based on RSRP in the pSCell
Currently in Rel-11, pathloss value in the PUSCH PC formula is based on RSRP measurement of the serving cell (SIB2 linked DL CC) if the serving cell belongs to TAG not containing the primary cell. But in the primary TAG the higher layer parameter pathlossReferenceLinking is used to select the pathloss reference. We think that in dual connectivity pSCell is always in the secondary TAG. Also we think that in SCG configurability of pathloss reference between pSCell and SIB2 linked DL CC is not needed.

Proposal 3: No changes are needed in the specification to define reference serving cell for pathloss estimate calculation for PUSCH transmission in SeNB.
3
UE Power limitation
In dual connectivity UL power resources of the UE are controlled by two schedulers that can not 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. The current priority order of UL channels is not optimal for dual connectivity case, for example prioritizing PUCCH with CSI in SeNB over PUSCH with UCI in MeNB may not be reasonable.
Two approaches can be considered to handle UE power limitation in dual connectivity:

1. 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. Another option is to define 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.
In the last 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. Therefore we 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 determine without significant increase in UE processing requirements, if there is going to be overlapping transmission to MeNB and SeNB or not. If UE is just transmitting to one of the eNBs it should be able to utilize full transmission power in the transmission.
Proposal 4: If the MeNB and SeNB are not synchronized and UE has overlapping UL transmissions to both MeNB and SeNB, UE applies eNBs specific maximum power limits to cope with UE maximum power limitation. If UE transmission to one of the eNBs is not overlapping with 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 is not taken into account).
In the synchronized case enhancements to prioritization/scaling rules could be considered. However, it could be difficult to find rules that are optimal in every case. For example PUSCH related to RRC signalling in the MeNB could be considered to have higher priority than PUCCH with CSI in the SeNB, but PUSCH with just data payload is probably less important. We think that adopting the same method to the synchronized case as was proposed to the unsynchronized case would result in simpler implementation than specifying new prioritization/scaling rules for dual connectivity. Strict semi-static power split can result in inefficient usage of power resources or it can limit transmission of high priority channels like PRACH or PUCCH in the PCell. 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.
Proposal 5: If transmissions from the MeNB and SeNB are synchronized, semi-static split of power resources is used only when UE gets power limited with overlapping transmissions towards MeNB and SeNB.
Parallel PRACH preamble transmissions in power limited case were left FFS in the previous RAN1 meeting [2]. The power of the preamble should not be scaled since it disturbs the MAC controlled power ramping. Therefore, it may be better to either drop or postpone the transmission of one of the overlapping preambles. In order to guarantee PCell operation, it is natural to drop/postpone preamble transmissions towards SCG.
Proposal 6: Send LS to RAN2 telling that parallel PRACH preamble transmissions should not be supported in power limited case. Instead, PRACH preamble transmission towards SCG should be dropped or postponed.

4
Power headroom reporting
Currently PHR is defined so that a PHR can only be sent in subframes in which a UE has an uplink transmission grant and the report relates to the subframe in which it is sent. In CA case, a single PH report is used to inform the eNB about PH of all the cells in a particular subframe. In the last RAN2 meeting it was agreed that in case of dual connectivity PHR includes PH information of all activated cells in a UE. In the case of unsynchronized MeNB and SeNB it is not clear, which of the partly overlapping subframe transmissions to the other eNB should be considered in the PHR. One option is that in this case PHR is always calculated based on reference format (virtual PHR). However, we think that it is beneficial that PHR is based on actual transmission to the other eNB. In unsychronized network it is sufficient that the PH report is calculated using one of the overlapping subframes (the one that starts earlier than the subframe in which report is sent or the subframe that ends later than the subframe in which report is sent). It is up to UE to decide which subframe is used to calculate PH values.
Proposal 7: RAN2 decision that PHR includes PH information of all activated cells in a UE is valid also in case of unsynchronized MeNB and SeNB. It is up to UE to select which of the overlapping subframes related to the transmission to the other eNB is used to calculate PH values and included to the PHR.

Currently if higher layer parameter simultaneousPUCCH-PUSCH transmission is configured, UE needs to include type 2 PH value to the PHR. In case of dual connectivity, we can note that PUCCH transmission in one Cell Group and PUSCH transmission in anther cannot be avoided (regardless of whether simultaneous PUCCH + PUSCH transmission is configured for the UE or for either/both MCG/SCG).  PUCCH power consumption is only reflected in Type 2 PHR [3]. Therefore type 2 PH should always be reported when dual connectivity is configured:

Proposal 8: When dual connectivity is configured, Type 2 PH is calculated based on both PCell PUCCH and pSCell PUCCH and Type 2 PH of PCell is always included (at least) in the PHR transmitted to the SeNB, while Type 2 PH of pSCell is always included (at least) in the PHR transmitted to the MeNB.
5
Conclusions

In this contribution issues related to uplink power control and power headroom reporting in case of dual connectivity are discussed. Our proposals are listed as follows:
Proposal 1: Alpha and Po values in the pSCell PUCCH PC formula are configured independently from the values used in PCell. 

Proposal 2: Pathloss value in the pSCell PUCCH PC formula is based on RSRP in the pSCell
Proposal 3: No changes are needed in the specification to define reference serving cell for pathloss estimate calculation for PUSCH transmission in SeNB.
Proposal 4: If the MeNB and SeNB are not synchronized and UE has overlapping UL transmissions to both MeNB and SeNB, UE applies eNBs specific maximum power limits to cope with UE maximum power limitation. If UE transmission to one of the eNBs is not overlapping with 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 is not taken into account).
Proposal 5: If transmissions from the MeNB and SeNB are synchronized, semi-static split of power resources is used only when UE gets power limited with overlapping transmissions towards MeNB and SeNB.

Proposal 6: Send LS to RAN2 telling that parallel PRACH preamble transmissions should not be supported in power limited case. Instead, PRACH preamble transmission towards SCG should be dropped or postponed.

Proposal 7: RAN2 decision that PHR includes PH information of all activated cells in a UE is valid also in case of unsynchronized MeNB and SeNB. It is up to UE to select which of the overlapping subframes related to the transmission to the other eNB is used to calculate PH values and included to the PHR.

Proposal 8: When dual connectivity is configured, Type 2 PH is calculated based on both PCell PUCCH and pSCell PUCCH and Type 2 PH of PCell is always included (at least) in the PHR transmitted to the SeNB, while Type 2 PH of pSCell is always included (at least) in the PHR transmitted to the MeNB.
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