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Discussion and Decision

1
Introduction
Dual connectivity was discussed in RAN1#74 meeting and several possible areas with L1 impact were identified. One of these areas is UL power control operation, scaling and PHR. In this contribution we discuss those issues.
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.
As pointed out in the meeting agenda, scope of this WI is UEs supporting multiple Rx/Tx, so the case where there are simultaneous transmissions to both the MeNB and the SeNB in different carrier frequencies should be studied.
2
UCI on SeNB and related channel prioritization and power scaling
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 in one of the SCells of the SeNB. In this contribution we call the SCell in the SeNB, which has PUCCH, as PSCell (primary SCell).  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.
Conclusion 1: Separate UL PC loop is specified for PSCell PUCCH. The operation of PSCell PUCCH UL PC is independent of PCell PUCCH; open loop PC parameters and TPC commands of PSCell PUCCH are independent of PCell PUCCH parameters.
Currently in case of CA, if the UE becomes power limited, it prioritizes and scales down powers in the different UL channels. Current priority order of UL channels (from high to low) is: PRACH, PUCCH, PUSCH with UCI, PUSCH, SRS. If the UE is power limited, power scaling is applied for channels with equal priority and lower priority channels use the remaining power, which is not allocated to higher priority channels, or lower priority channel is dropped. In case of dual connectivity priority of UCI transmitted in the PSCell should be decided. One option is to specify that SeNB UCI has equal priority compared to MeNB UCI. Another option is to prioritize MeNB UCI. Besides of UCI transmission it may be reasonable to study more about prioritization of other channels as well. For example RAN2 has decided that MeNB generates and sends all the RRC messages to the UE. This could be a reason to prioritize MeNB transmissions of UCI and also other transmissions in MeNB.
Conclusion 2: Further studies (and possibly RAN2 input) are needed to decide on the prioritization of UL channels in dual connectivity.
3
Power headroom reporting and scheduling
In case of dual connectivity, scheduling decisions in the MeNB and in the SeNB are done independently. The eNBs may exchange some information about their scheduling decisions and/or scheduling strategy via backhaul but scheduling decisions of an eNB in a particular subframe can not be known in another eNB. This means that there is a risk of receiving UL grants from the MeNB and the SeNB, which may result in power limitation in the UE. Because of the independent schedulers, power limitation can be assumed to happen more often than in case of carrier aggregation. 
Power headroom (PH) reports provide information to the eNB on how much power is available at the UE and how much backoff the UE had to do in current UL allocation. In CA case, a single PH report can be used to inform the eNB about PH of all the cells in a particular subframe. It is clear that in case of dual connectivity the PH reports should be sent to both MeNB and SeNB. It could be useful to include the PH values of all the activated serving cells of the UE to both MeNB and SeNB. This information could be useful when the eNB makes scheduling decisions for the next subframes. Of course scheduling in the current subframe does not mean that there will be UL scheduling also in the next subframes, but definitively there is a higher probability in that case.
Conclusion 3: PH reports should be sent to both MeNB and SeNB. PH values of all the activated serving cells of the UE should be included in the PH report.

4
Synchronization between MeNB and SeNB
Typically network synchronization has been assumed in case of dual connectivity, e.g. in TR 36.842 [1] performance evaluation related simulation parameters. Because MeNB and SeNB are not collocated and timing advance (TA) of UL transmissions in some of the cells is controlled by the MeNB and in other cells it is controlled by the SeNB, it can not be assumed that TA value is the same in all the UL cells of the UE. However, in case of synchronized network the UL transmissions should be specified so that the Rel-11 multiple timing advance related functionality is applied. From UL PC point of view this means that the maximum time offset between the UL subframes for the MeNB and the SeNB is 32.47 µs and the Rel-11 methods can be used to handle partial overlaps of subframes in different cells.

Conclusion 4: In case of synchronized networks, Rel-11 multiple TA related functionality is applied for UL transmissions.

Unsynchronized SeNB deployment could be feasible but this would create new challenges to UL PC. Power scaling and prioritization rules are currently defined subframe specifically, i.e. alignment of subframe boundaries is assumed. If the partial subframe overlaps between the MeNB and the SeNB cells were higher than 32.47 µs, which is currently specified for MTA, new UE behaviour would need to be defined. As was found in Rel-11 MTA discussions, this is a complicated issue and both RAN1 and RAN4 would need to be involved. Considering the Rel-12 timetable we think that only simple methods to support unsynchronized networks should be considered in Rel-12. More optimized solutions could be discussed in the later releases.
Conclusion 5: Only simple methods to support UL transmissions in unsynchronized networks should be considered in Rel-12. Optimization can be done in the later releases.
5
FDD MeNB and TDD SeNB
Dual connectivity should be supported also in the case that different duplexing methods are used in the MeNB and in the SeNB. Quite typical case could be FDD MeNB and TDD SeNB. In this case there are two types of subframes from UL power control and scheduling point of view: Subframes where UL can be transmitted simultaneously to both MeNB and SeNB and subframes where UL can only be transmitted to MeNB. It can be assumed that TDD UL/DL configuration of the SeNB cell(s) is known at the MeNB in this case. If eIMTA is applied in the SeNB, then probably only SIB1-configured UL/DL configuration is known at the MeNB. Optimising UL PC for different types of subframes in the MeNB should be considered.
Conclusion 6: In case of dual connectivity between a TDD eNB and an FDD eNB, the TDD UL/DL configuration can be assumed to be known at the FDD eNB. Specification support to optimise UL PC in this case can be considered.
6
Macro MeNB and SeNB in the small cell layer
Another typical configuration in dual connectivity is to have Macro MeNB and SeNB in the small cell layer. Typically UL and DL coverage areas are roughly the same or coverage is limited by UL in the macro cells. However, in the small cell layer DL transmission is implemented with a substantially lower transmit power than in macro cells. On the other hand UL transmit power is not typically reduced. This means that the UL coverage area around the small cell is larger than the DL coverage area. In case of dual connectivity, CoMP type of operation where for example PUSCH is received at the small cell but related ACK/NACKs are sent from macro cell can not be realized because of delays in the backhaul. The larger UL coverage area around small cell can therefore not be utilized. In order to guarantee coverage of UL transmission in case of dual connectivity, UL power resources should be balanced so that most of the power resources are available for macro cell transmission.
Conclusion 7: UL PC should be implemented so that UL coverage in the macro MeNB cell(s) is not compromised.
7
Conclusions

In this contribution issues related to uplink power control in case of dual connectivity are discussed. Our conclusions are listed as follows:
Conclusion 1: Separate UL PC loop is specified for PSCell PUCCH. The operation of PSCell PUCCH UL PC is independent of PCell PUCCH; open loop PC parameters and TPC commands of PSCell PUCCH are independent of PCell PUCCH parameters.

Conclusion 2: Further studies (and possibly RAN2 input) are needed to decide on the prioritization of UL channels in dual connectivity.
Conclusion 3: PH reports should be sent to both MeNB and SeNB. PH values of all the activated serving cells of the UE should be included in the PH report.
Conclusion 4: In case of synchronized networks, Rel-11 multiple TA related functionality is applied for UL transmissions.

Conclusion 5: Only simple methods to support UL transmissions in unsynchronized networks should be considered in Rel-12. Optimization can be considered in the later releases.

Conclusion 6: In case of dual connectivity between a TDD eNB and an FDD eNB, the TDD UL/DL configuration can be assumed to be known at the FDD eNB. Specification support to optimise UL PC in this case can be considered.
Conclusion 7: UL PC should be implemented so that UL coverage in the macro MeNB cell(s) is not compromised.
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