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1 Introduction
RAN1 is currently discussing how to perform power allocation for a UE configured with Dual Connectivity (DC).

During RAN4#72, RAN4 has agreed to the following definitions wrt to UE capabilities [1]:

· In Rel-12, DC capability should be defined for “Sync” and “Sync+Async” separately.
RAN4 has also agreed [2] to the following definitions wrt to measurement gaps configuration:

· For synchronized case, existing gap configuration can be reused (i.e. 6ms gap common to MCG and SCG);

· For asynchronous case, MCG use legacy configuration (6ms gap) and SCG gap is 7ms aligned with MCG.
During RAN1#77, RAN1 has agreed to the following [3]:

· In synchronous case, all remaining power can be used and priority is determined based on UCI type across CG for channels not satisfied by PSeNB and PMeNB (i.e. “power control mode 1”).
During RAN1#78, RAN1 has agreed to the following [4]:

· No look ahead when the maximum transmission timing difference is larger than around 33us; 

· In asynchronous case and at least for PUCCH and PUSCH, all remaining power is first made available to the CG with the earliest transmission  (i.e. power “control mode 2”);

· RRC signaling for guaranteed power for each of PMeNB or PSeNB indicates one of 16 possible values.
Following RAN1#78, email discussion [78-08] discusses how the UE determines whether or not the MCG and the SCG are synchronized. The discussion introduces the terms “power control mode 1” to refer to the allocation of remaining power based on prioritization of UCI that is used in synchronous deployments, and “power control mode 2” to refer to the allocation of remaining power based on the CG with the transmission that is earliest in time that is used in asynchronous deployments [5].
From the email discussion, most companies seem to agree to the following:

· A sync(power control mode 1)-only capable UE that detects uplink timing difference large than 33us is considered an error case;
However, opinions appear to be split between the following two approaches for the “Sync+Async” capable UE:
· Network control, based on RRC signaling and handling of any possible timing error cases;

· UE-autonomous behavior, based on UE autonomous detection of uplink timing difference and autonomous selection of applicable power control mode;
RAN1 is thus expected to select between the two above approaches.
The motivations for UE autonomous behavior are mainly related to an error case whereby the UE and the network have a different assumption of the uplink synchronization state at the UE, as well as to the saving of 1 bit in the configuration message for signaling the power control mode. However, this error case will be infrequent and can be easily handled as such (e.g. by MTA-like behavior), while the information regarding the network assumption of the synchronization state will anyway be available to the UE in the configuration signaling given the agreements on the configuration of the common measurement gap (which length differs for the SCG as a function of the synchronization state of the network).

Our view is thus that the existing network signaling necessary when the network configures the SCG is sufficient, and that the workload and the burden to do otherwise is not worth the optimization.

This contribution further discusses the above aspects.
2 Determination of the applicable Power Control Mode
RRC signaling will include one value for each of PMeNB or PSeNB, indicating one of 16 possible values. RAN1 agreed on a set of 16 values that enables a fairly high granularity for the configuration of the power control function with multiple possible combinations. Underlying this is the assumption that it is desirable for the network to set proper values as a function of the power situation in the MCG, of the QoS/traffic mix of theUE, but also as a function of the power control mode that it expects the UE will apply. Indeed, when the network assumes that power control mode 1 is applied, it can configure a larger amount of remaining power such that the UE will allocate power in the most efficient manner when both schedulers contend for the total available UE power; when the network assumes that power control mode 2 is used, it can configure a smaller amount of remaining power such that fairness between schedulers is enforced based on guaranteed power levels at all time. It is precisely because both schedulers are not coordinated that consistency between the power control mode and the configured values of PMeNB or PSeNB is desirable. 
Complexity in the network would otherwise be increased to handle the case where the UE would autonomously select the power control mode, and this would somehow defeat the purpose of the set of values and the logic used to determine the proper power control configuration.
In addition, it is expected that the configuration for the SCG will also include a configuration for the common measurement gaps. RAN4 has agreed that the gap length for the SCG differs as a function of the deployment scenario i.e. the SCG gap is 6ms in case of a synchronized deployment and 7ms otherwise. It is expected that the synchronization state between the network and the UE needs to be coherent for the length of the measurement gap for the SCG given that the SeNB scheduler needs to know exactly in what subframe it may schedule the UE.

· The network and the UE should have coherent assumptions of the uplink synchronization observed at the UE for proper scheduling (e.g. for power control in both eNBs and for handling measurement gaps in the SeNB). 

2.1 Existing baseline is network signaling (or Sync-only capable UEs)
The “Sync”-only capable UE will only utilize “DC power control mode 1”, i.e. UCI-based prioritization and all remaining power can be used.

The definition of the UE capabilities also means that when the network is configures a “Sync”-only capable UE, it  implicitly requires that the UE apply “DC power control mode 1”. In other words, the network has absolute control in the case of a sync-only capable UE. There is no alternative – either the UE can do dual connectivity (the configuration succeeds) or it can’t operate with dual connectivity.
· The network will signal PMeNB and PSeNB when it configures the Sync-only capable UE and the UE will apply power control mode 1.
This is essentially equivalent to network signaling of the power control mode.

· Network signaling for the power control mode is already implicit for the Sync-only capable UE.
UEs with different type of capabilities for DC are expected to co-exist in the same network deployments. It is obviously not expected that network behavior will be specified with regards to how it will determine whether or not a Sync-only capable UE can be configured with dual connectivity.

· Network behavior that restricts or define conditions for when the MeNB will configure dual connectivity for a Sync-only capable UE will not be defined.

This means that the error case discussed in email discussion [78-08], whereby the MeNB assumes that the maximum uplink timing difference between CG is no more than 33us while the UE experiences a larger value, should be equally applicable for a sync-only UE and it is expected that proper handling will be specified (e.g. MTA-like behavior).
However, it is assumed that the network will try to avoid as much as possible any error case where the network and the UE would have a different understanding of the maximum uplink timing difference.
Given that network signaling is used to configure power control, and given that error handling similar to R11 MTA can be used when the UE determines that it cannot comply with the signaled power control mode when it detects an incorrect uplink timing synchronization for the sync-only capable UE, then there would be no additional complexity o reuse the same approach for a sync+async UE. 

At least as a baseline, the following is proposed:

Proposal 1: 
The network configures the power control mode.

2.2 On the Need for Additional Optimization for Sync+Async Capable UEs
This section discussed the reasons mentioned in email discussion [78-08] as support for the introduction of an additional feature for UE-autonomous selection of the power control mode for Sync+Async capable UEs.
2.2.1 Enabling power control mode 1 for case 4
Case 4 in described in [5] such that the NW configures PMeNB, PSeNB (and resulting remaining power) for power control mode 2 but the timing difference observed by the UE is less than 33us.
The main motivation to optimize this case is based on the fact that power control mode 1 is more efficient in the way it enables power sharing between CGs and in the way it prioritizes different transmissions across CGs. Power control mode 1 is indeed superior given a properly selected set of configuration parameters for PMeNB, PSeNB.

However, designing a new feature based on this case might be designing for a rare worst case scenario, as for this case to occur the following would have to be true:
· The DC-capable UE reports sync+async capabilities;

· The NW knows that there is no timing synchronization between eNBs;
· The maximum uplink timing difference coincidentally happens to be equal or less than 33us (3% probability?).
RAN1 should first agree on the frequency of this case before including its support in its design objectives.

If agreed, then the conditions for which the UE would autonomously switch from one power control mode to the other, including measurements, impact of uplink timing maintenance, hysteresis avoidance, how much to specify and what to test would have to be discussed and defined.

· Optimization of case 4 does not seem to be critical for R12 dual connectivity in light of the required efforts
Finally, concerns have been raised regarding the difficulty to implement power control mode 2 when the maximum uplink timing difference is equal to or less than 33us. For such implementation, error handling (e.g. MTA-like behavior) could also be applied if this is truly a concern; the network could detect the absence of uplink transmissions on the SCG and reconfigure the UE with the appropriate power control mode and configuration.  
2.2.2 Saving one bit of RRC signaling
The other reason is that given that the UE is aware of the maximum uplink timing difference between CGs, there is no need to signal the desired power control mode together with the configuration of the parameters PMeNB, PSeNB in the RRC message that configures dual connectivity.

The reasoning here is that there is no need to signal the power control mode if the network can avoid a deployment where the network and the UE would have an incoherent view of the maximum uplink timing difference between CGs.

Such 1-bit optimization does not seem worth it either, and it also suffers the same shortcomings as for the previous one.
· There is no need to optimize RRC signaling for signaling of the power control mode.

Proposal 2: 
The sync+async capable UE is not allowed to autonomously change the power control mode.

2.3 Handling of Error Cases
In the rare event that the UE cannot comply with the indicated power control mode, the following is proposed: 

Proposal 3: 
The UE shall stop all uplink transmissions for the SCG when it determines that it cannot comply with the power mode configured by the network e.g. when the UE configured with power mode 1 determines that the maximum uplink timing difference between both CGs is more than 33us (other cases FFS, if any).

Possibly, the UE may perform the above only in subframes where there is no overlapping transmissions between CGs. 
3 Conclusions
Our view is that it is difficult to avoid entirely the case where the NW and the UE may have different understanding of the synchronization state observed at the UE. But such infrequent error cases should then be handled properly, instead of being used as motivation for a new UE-centric power control selection method. It is thus preferable to ensure that the configuration for power control (i.e. PMeNB, PSeNB and resulting remaining power) always match the power control mode used by the UE and for which the configuration was intended for.
We have not identified any issues related to using network signalling, and there is currently insufficient motivation for the proposed optimizations in terms of UE-autonomous behavior.
RAN1 should thus discuss and agree to the following:

Proposal 1: 
The network configures the power control mode.

Proposal 2: 
The sync+async capable UE is not allowed to autonomously change the power control mode.

Proposal 3: 
The UE shall stop all uplink transmissions for the SCG when it determines that it cannot comply with the power mode configured by the network e.g. when the UE configured with power mode 1 determines that the maximum uplink timing difference between both CGs is more than 33us (other cases FFS, if any).
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