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1. Introduction 
In small cell enhancement, one of the most important features that needs to be discussed and specified is the dual connectivity.  Dual connectivity mean the UE has the capability to connect to two eNBs at the same time and therefore make the system more robust and flexible to handle issues such as offloading, mobility, handover etc  in small cell deployment. 
RAN1 discussed the operation to support dual connectivity in RAN1 #76 meeting and the following conclusions were drawn. 

· At least following schemes are supported

· At least the following, uplink control information (UCI) related to the PDSCH/PUSCH operation in SCG is transmitted to the SeNB only

· HARQ-ACK for PDSCH of SCG cells

· Periodic and aperiodic CSI of SCG cells

· HARQ-ACK and CSI related to MCG is transmitted to the MeNB only

· In SCG, the UCI transmission rules as in Rel-11 are supported, with the Pcell replaced by the pSCell:

· Physical channel (PUCCH or PUSCH) in which UCI is transmitted

· Selection of the cell in which UCI is transmitted in case of UCI on PUSCH

· Selection of PUCCH resources for HARQ-ACK

· Periodic CSI dropping rules

· Handling of UCI combinations

· HARQ-ACK timing and multiplexing
These conclusions indicate that the UE that is capable for dual connectivity could support the transmission of UCI to secondary eNB (SeNB) in addition to the transmission of UCI to master eNB (MeNB).  The main considerations for that are two folds:

· First,  transmitting UCI (including both UCI to MeNB and SeNB) to MeNB only may encounter PUCCH capacity issue especially in scenarios where MeNB is a macro-eNB and SeNB is a small cell eNB, thus PUCCH to MeNB may reach its limit due to large amount of PUCCH intent for SeNB; 
· Second,  if the backhaul link between MeNB and SeNB is non-ideal, routing UCI intent to SeNB from MeNB will cause delay and therefore impact the overall system performance.  
The conclusions also said that for UCI transmission within secondary cell group (SCG), the same rule as defined in Rel-11 for UCI transmission would be reused to avoid the impact to the specification. 
The remaining issues beyond these conclusions include: the power sharing between UCI transmissions to MeNB and SeNB, the power headroom reporting, maximum power for each link etc.  Some contributions  [1]-[4] were presented at RAN1 #76, but no conclusions were reached.  In this contribution, these issues are discussed and our views are presented. 
2. UL Power Control for Dual Connectivity
UL power control was discussed before in LTE in the context of carrier aggregation because if two or more transmissions occurs on different carriers at the same time, the maximum transmit power at the UE could be reached or exceeded.  To solve this issue, a number of power sharing rules were defined which include power scaling for some of the transmissions, dropping some transmissions which are not critical while maintaining full power transmissions for those which are more critical and time-sensitive. In general, ACK/NACK, UCI are more important and time critical than other uplink signals/channels like PUSCH and SRS. 
The situation changes in dual connectivity from CA even though from the UE perspective,  still two or more UL signals/channels will be transmitted. This is because in CA, there is one central scheduler and the cells (carriers) are either co-located or even if not-collocated, ideal backhaul will be assumed and therefore, there is no delay and capacity to route the information among cells (carriers).  In dual connectivity case, non-ideal backhaul shall be assumed and there are two schedulers, one for MeNB (or MCG) and the other is for SeNB (or SCG). That makes it more difficult to control the uplink transmit power because uplink channels are scheduled independently by two eNBs,  MeNB and SeNB. 
To ease the issue, several aspects need to be considered and improved.
2.1. Power headroom report (PHR)

. 

In CA, PHR are reported on per cell (carrier) basis, the eNB could get the PHR for each cell and estimate the total power capacity and schedule transmission correspondingly on each cells using the central scheduler to maximize the UE power capacity.  In dual connectivity situation,  if PHR are transmitted to respective eNBs,  they may not be shared in time among eNBs due to the backhaul limitation (large latency), that would make it harder for each eNB and their scheduler to properly estimate the total power capacity in uplink at the UE side because each eNB could not know the power margin that is reported to and could be used by the other eNB. To ease this issue, it may be worth to consider to send PHR report intent for one eNB to the other eNBs in UL. One issue for this intention though is that the triggering for  PHR report depends on the pathloss change in downlink. For each eNBs, the downlink pathloss may not change at the same time. For example, the pathloss for small cell eNB may change more frequently than that for the macro-eNB.  That raises an issue on when and how to send PHR report intent for one eNB to the other eNB, whether it is sent together with the PHR report for the other eNB, or they are sent separately. 
Proposal:

· It is worth to consider to transmit PHR report intent for one eNB to another eNB in UL in the dual connectivity.  When and how to send these PHR reports may need more investigations.
2.2. UL link power scaling 
In dual connectivity, as two or more uplink transmissions could be sent to different eNBs, power scaling may be necessary between these transmissions when maximum power at UE is exceeded. There are a number of alternatives that could be considered to ease this issue
· Semi-static configuring  maximum transmit power for each eNBs

· Define or reuse some power sharing/scaling rules among different uplink transmission (channels) when they are scheduled to transmit at the same time
Semi-static configuring the maximum transmit power among eNBs could solve the issue that overall transmit power at the UE reaches or exceeds its maximum power.  However, the main issue for such alternative is it could limit the transmit power to each eNB,  and therefore impact the overall system performance because the respective transmissions are scheduled by two independent schedulers at each eNB. For example, if one eNB has no uplink transmission to schedule, the UE may not be able to use the additional available power for its transmission to the other eNB if it follows the maximum power limitation as configured.  That will limit both the coverage and capacity of each eNBs and reduces the flexibility of the schedulers. To ease this, even if semi-static maximum transmit powers are configured for each eNB, the UE may not be required to follow the maximum transmit power configured for each link at all the time. For example, if there are only transmissions scheduled to one eNB, the UE shall be able to use the unused power that is allocated to the other eNB as long as the total transmit power does not exceed the maximum transmit power of the UE. 
From the above analysis, it seems more promising to make the power sharing more dynamic and allow the UE to use the unused power without being restricted to a maximum power limit set for each eNB. On the other side, some control signals/channels such as PUCCH and SRS are not scheduled by the eNBs, by simply be transmitted following the pre-defined timing relation or configuration. This will lead to the simultaneous transmission of multiple signals/channels and may exceed maximum transmit power at UE.   To deal with  these issue , some power sharing/scaling rules could be reused from CA or defined to determine which uplink transmission signals (channels) could be power scaled down when the total transmit power exceed the maximum transmit power at the UE .  Similar as in CA, priorities could be given to different types of uplink signals (channels). For example, PUCCH  containing ACK/NACK has the highest priority, followed by PUSCH containing UCI such as ACK/NACK . Channels (PUCCH and/or PUSCH) have higher priority than other signals such as SRS. If PRACH is considered, it may be given higher than all the other signals (channels) due to its time-sensitive nature. The UE could allocate power to signals/channels with higher priorities first and if there is power left, it can be allocated to remaining signal/channels.  In case two signals (channels) with the similar priority need to be transmitted, one for each eNBs,  maybe the transmission to one of the eNB could be prioritized. 
Based on the above discussion and analysis, the following proposals could be considered

Proposal:

· Maximum powers for each eNBs (or cells) could be configured. However, the UE may not need to follow the restriction at all the time. 
· Power scaling/sharing rules could be considered among all UL transmissions intent to different  eNBs. CA rules could be reused and new rules could be defined if needed. 
 The other issue that needs to be considered is that in dual connection situation, MeNB and SeNB may be in different time advance group (TAG).  If that is the case,  uplink transmission to one eNB could overlap (or partially overlap) with uplink transmission to another eNB. In Rel-11, some rules have been specified to deal with this issue and could be reused or modified for dual connectivity. The difference here though is that in Rel-11 CA case,  TAGs  for different cells are known by the eNB, and therefore, eNB is aware of the power scaling or signal dropping if simultaneous transmissions happen and power limit may be exceeded. For dual connectivity,  it may be better to have eNBs be aware of the TAGs of other eNBs, so that this issue could be handled similarly as in Rel-11 CA. 
Proposal:

· MeNB an SeNB belong to different TAGs should also be considered and similar rules of power scaling for Rel-11 CA could be reused or modified.  Sharing TAG information among eNBs could facilitate this. 

3. Conclusions

In this contribution, some aspects that are related to uplink power control for dual connectivity are discussed and our preliminary views are provided and could be summarized as follows
Proposal:

· It is worth to consider to transmit PHR report intent for one eNB to another eNB in UL in the dual connectivity.  When and how to send these PHR reports may need more investigations.
· Maximum powers for each eNBs (or cells) could be configured. However, the UE may not need to follow the restriction at all the time. 

· Power scaling/sharing rules could be considered among all UL transmissions intent to different eNBs. CA  rules could be reused and new rules could be defined if needed. 

· MeNB an SeNB belong to different TAGs should also be considered and similar rules of power scaling of Rel-11 CA could be reused or modified.  Sharing TAG information among eNBs could facilitate this. 
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