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Discussion and Decision
1
Introduction
In the last meeting many details related to dual connectivity operation were agreed but there are still a few issues that are open. Regarding uplink power control the following topics need to be discussed and decided: selection method of power control mode for synchronous and asynchronous operation, prioritization of preamble transmissions in the power limited case, power control and prioritization/scaling rules for SRS transmissions and some final details related to different power control modes. In this contribution we present our views on those issues.
2
Selection of power control mode for synchronous and asynchronous operation
In the last meeting it was discussed, how UL power control mode selection should be done [1]. The discussion continued after the meeting in the RAN1 email reflector. The first question that should be considered is if it should be ensured that eNB and UE have the same understanding about the power control mode that is currently used.

If the network assumes that dual connectivity power control mode 1 (targeted for synchronous operation so that all the power not used by one CG can be used by other CG and remaining power is allocated based on UCI type) is used but UE uses DC PC mode 2 (targeted for asynchronous operation where P_MeNB and P_SeNB are reserved towards each eNB) instead then from single UE point of view this could be beneficial because UE could utilize all the remaining power not used by other CG. However, from network point of this could be problematic because UE could use higher power or PSD than assumed by the network and interference created by the UE could not be properly controlled by the network.
If network assumes that DC PC mode 1 is used while UE is actually using mode 2 then scheduling would not be efficient because eNB would overestimate UE’s capabilities. In this case UE would probably have to scale down transmission power quite often.

The second question that should be considered is if signalling is needed to indicate the DC PC mode or if UE can autonomously decide the mode. The UE decision could be based on Tx timing difference so that when UE finds that Tx timing difference is below some limit ([33us]) UE starts to use DC PC mode 1. However, it is possible that Tx timing difference is less than the limit but DL reception timing difference from different CGs is more than 33us i.e. the value is larger than the limit specified for synchronized networks. Obviously network is unsynchronized in this case. Probably UE should consider both UL and DL timing difference when determining if DC PC mode 1 or 2 should be used. It is of course possible that both DL and UL timing differences are accidentally within the specified limits but network actually is unsynchronized. It could then happen that UE would have to change the DC PC mode from mode 1 to mode 2 later when timing difference is not anymore within the limits. If UE is close to the limit specified for selecting between mode 1 and mode 2, ping-pong effect could occur, where the PC mode is switched many times in a short period of time.
Proposal 1: Considering that UE should have the same understanding of the power control mode as network and the difficulties related to UE autonomous selection of PC mode, we propose that network signalling is specified for selection of dual connectivity uplink power control mode.
3
Parallel preamble transmissions
In the RAN1#77 meeting it was agreed that PRACH to the PCell has the highest priority, when UL power is allocated to different channels/signals. RAN1 should decide how to define priority of other PRACH transmissions. In earlier releases, UE does not support parallel RACH procedures. We assume that the same applies within a cell group, i.e., within one cell group only one RACH procedure is supported at a time. The question that should be considered is, if PScell PRACH or Scell PRACH in the MCG should have some priority order or if all the PRACHs (except Pcell PRACH) should have the same priority or if prioritization can be left for UE implementation. The cases where UE would have to prioritize PRACH transmissions are quite rare so there is not a big need to define priority order in the standard.

Proposal 2: Priority order of PRACH transmissions is: PCell PRACH > other PRACHs (up to UE implementation) > other channels and signals.

Parallel PRACH preamble transmissions in power limited case were left FFS in the RAN1#76 meeting [2]. The power of the preamble should not be scaled in the physical layer 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, but postponing can only be controlled by MAC. In order to guarantee PCell operation, we propose to drop/postpone lower priority preamble transmissions.
Proposal 3: We propose that if power of lower priority (based on priority rule or UE implementation) PRACH would have to be scaled down; physical layer drops the PRACH and informs MAC layer about the dropping. RAN1 should inform RAN2 about this decision.
In the RAN1 email reflector the conclusion of the RACH power allocation was: the configured guaranteed power, P_MeNB and P_SeNB, are not applicable to PRACH but applicable to Msg3 (re)transmissions. In the asynchronous case it can thus happen that PUCCH transmission that has started earlier is scaled down or discontinued in the middle of subframe because of PRACH transmission that starts later in the other CG. It should be discussed if this is acceptable considering that these kinds of PRACH transmissions are rather rare or if some UE behaviour should be defined. It should be noted that UE processing time related PRACH transmission is larger than for PUCCH/PUSCH so UEs may be capable of some look-ahead operation in this case.
4
Final details of UL power allocation

In the last meeting it was agreed that in the case that the remaining power is allocated based on UCI type the following priority order is applied: HARQ-ACK = SR > CSI > PUSCH without UCI. It was decided to have further studies related priority between periodic and aperiodic CSI. In order to not complicate the prioritization rule too much, we think periodic and aperiodic CSI can have the equal priority, when remaining power is utilized. 
Another open issue related to allocation of remaining power in DC PC mode 1 was, if channel type should be taken into account when power is allocated so that if same UCI type collides, UCI transmitted on PUCCH is prioritized over UCI transmitted on PUSCH. We think that priority should be based on just channel type as in earlier releases or just on UCI type. We think that there is no need consider channel type when allocating remaining power based on UCI type.

One more open issue from the last meeting is if UE can drop PUSCH with UCI in the power limited case and transmit UCI on PUCCH instead. From network point of view this would look like UE has missed the UL grant. If UE used this method continuously eNB could make conclusion that UE has problems receiving PDCCH. If transmitting of PUCCH instead of PUSCH is agreed to be valid method to handle power limitation, it would be better to have some kind of clarification in the specification.
Proposal 4: Aperiodic and periodic CSI are considered to have equal priority when remaining power is allocated in DC PC mode 1.
Proposal 5: Channel type (PUSCH or PUCCH) of UCI is not taken into account when priority of UCI transmission is determined for remaining power allocation in the DC PC mode 1.

Proposal 6: If dropping of PUSCH with UCI and transmitting just PUCCH instead is considered as valid method to handle UE power limitation; this should be clarified in the specification.
SRS power control in case of dual connectivity has not yet been discussed in RAN1. We think that starting point should be SRS handling in the earlier releases. This means that in the UL power allocation, SRS has the lowest priority. It should be discussed, if there is a need to prioritize MCG/Pcell SRS over other SRS transmissions. In the case of synchronous dual connectivity same handling as in MTA should be considered for SRS. This means that SRS and PUCCH/PUSCH can be transmitted simultaneously and if UE is power limited, SRS should be dropped rather than scaled down. Scaling of SRS power should be used only if SRS transmission overlaps with other SRS transmissions. In the asynchronous networks Rel-11 rules should be applied separately to each CG. 
Proposal 7: SRS is the lowest priority channel in UL power allocation also in case of dual connectivity. FFS if priority between MCG or PCell SRS and other SRS transmissions needs to be specified.
In the last meeting it was also discussed that UE may have processing time problems in the asynchronous case if transmission timing difference between CGs is very small. Our understanding is that UE processing time is determined by the maximum timing advance value and in synchronous case UE may have to support small look-ahead of [33us] in addition. RAN4 has decided that two types of UEs will be supported in dual connectivity: UEs that are only capable of operation in synchronous networks and UEs that are capable of dual connectivity operation both in asynchronous and synchronous networks. This means that UEs configured for dual connectivity in the asynchronous networks should have the same processing capabilities as UEs in the synchronous networks. Our understanding is that in the asynchronous network UE always has at least 3ms – TA available for power control including power scaling i.e. UE has at least same amount of time as in synchronous case.
Proposal 8: There is no need to have additional rules for UL power allocation in the case of asynchronous network and very small Tx timing difference at the UE.
5
Conclusions
In this contribution we have discussed open uplink power control issues related to dual connectivity. Our proposals are as follows:
Proposal 1: Considering that UE should have the same understanding of the power control mode as network and the difficulties related to UE autonomous selection of PC mode, we propose that network signalling is specified for selection of dual connectivity uplink power control mode.
Proposal 2: Priority order of PRACH transmissions is: PCell PRACH > other PRACHs (up to UE implementation) > other channels and signals.

Proposal 3: We propose that if power of lower priority (based on priority rule or UE implementation) PRACH would have to be scaled down; physical layer drops the PRACH and informs MAC layer about the dropping. RAN1 should inform RAN2 about this decision.

Proposal 4: Aperiodic and periodic CSI are considered to have equal priority when remaining power is allocated in DC PC mode 1.

Proposal 5: Channel type (PUSCH or PUCCH) of UCI is not taken into account when priority of UCI transmission is determined for remaining power allocation in the DC PC mode 1.

Proposal 6: If dropping of PUSCH with UCI and transmitting just PUCCH instead is considered as valid method to handle UE power limitation; this should be clarified in the specification.
Proposal 7: SRS is the lowest priority channel in UL power allocation also in case of dual connectivity. FFS if priority between MCG or PCell SRS and other SRS transmissions needs to be specified.

Proposal 8: There is no need to have additional rules for UL power allocation in the case of asynchronous network and very small Tx timing difference at the UE.
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