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1 Introduction
In RAN1 Meeting #78, the UL power control behavior for synchronous and asynchronous dual-connectivity was discussed. In email discussion [78-08], trigger of the two power control behaviors was further discussed without concrete agreement.
In this contribution, we further clarify what UE behaviour should be evoked in various scenarios.
2 Two UL Power Control Behaviors
As described in [1], the so-called DC power control model 1 captures the UE behavior in asynchronous dual-connectivity:
· All the remaining power can be shared. 
· Priority is determined based on UCI type across CG for the remaining power
The so-called DC power control mode 2 captures the synchronous UE behavior:
· Reserve P_SeNB and/or P_MeNB towards each eNB if there is potential uplink transmission. 
· All remaining power is first made available to CG associate with earlier transmission.
In [2], it has been agreed in RAN4 that DC capability should be defined for “Sync” and  “Sync+Async” separately in Rel-12. That is, there are two types of DC-capable UEs:

Type 1. The UEs with {DC, Sync} capability;

Type 2. The UEs with {DC, Sync+Async } capability;

2.1 Network based 

Combining the UE capability with network deployment, there are four possible scenarios, as shown in Table 1. When Table 1 is used as a guideline for determining which UE power control behavior to use, then the network can simply exchange a one-time signal with the UE, where the 1-bit signal indicates the deployment. Combining the “DC_behavior” bit from the network with its DC capability, the network and UE operates dual-connectivity as follows:
· “DC_behavior”  = 0: 
· When receiving “DC_behavior ” = 0 at activation of dual-connectivity, all DC-capable UE applies DC power control model 1;
· “DC_behavior ” = 1: 
· Invalid for {DC, Sync} UE. The MeNB should not configure {DC, Sync}UE with dual-connectivity operation, since this is beyond the UE’s reported capability.
· When receiving “DC_behavior ” = 1 at activation of dual-connectivity, {DC, Sync+Async } UE applies DC power control model 2;
Note that the 1-bit signal described above can be implicit or explicit. It is mostly like a general bit that governs many aspects of synchronous vs asynchronous UE behavior, not just power control. For example for measurement gap purpose, there is also the need to know if the UE performs synchronous or asynchronous behavior. Thus in terms of power control mode, there is no overhead incurred. 
Table 1. Combinations of network deployment and UE capability

	
	{DC, Sync} UE
	{DC, Sync+Async } UE

	Synchronous deployment
	DC power control model 1
	DC power control model 1

	Asynchronous deployment
	DC disabled
	DC power control model 2


Proposal: 

· It is necessary to ensure that eNB and UE have the same understanding on which DC power control mode is being currently used.
· Use a signal from the network to trigger UL power control behavior.

· The network signal can be implicit or explicit.

· Use one network signal to signal a set of sync vs asyc UE behavior including measurement gap and UL power control mode.

2.2 UE based 
As an alternative, the synchronous and asynchronous network deployment can be further subdivided according to the UL transmission timing difference between signals to PCell and pSCell, as observed in the UE. If such UE-based trigger is used, there are twice as many combinations. This is illustrated in Table 2.
As illustrated in Figure 1, with synchronized MeNB and SeNB, the UL transmission timing difference observed by UE ΔtUL_tx > [33µs] can be viewed as deployment error case, and this is expected to be taken care of via proper deployment. 
Comparing Table 1 and Table 2, the only possible difference is in the case of asynchronous deployment with observed UL transmission timing difference, ΔtUL_tx <= [33µs]. This is illustrated in Figure 2 where by chance the propagation delay combined with MeNB-SeNB transmit timing difference cause ΔtUL_tx <= [33µs].  It should be emphasized that since the nature of the deployment is asynchronous, the probability of UE experiencing this corner case is very low. Assuming the UE is equally likely to experiencing ΔtUL_tx anywhere in the range of [0, 500µs], the probability of a UE experiencing ΔtUL_tx <= [33µs] is:
33/500 = 6.6%

However, to account for the 6.6% UEs/instances, the UE-based trigger causes several undesirable implications:
· To share the same understanding between UE and network, the UE needs signal frequently which power control mode the UE is applying. This incurs a high signaling overhead. Thus the UE-based trigger means that the network and the UE cannot share the same understanding of UE’s UL power control behavior.
· If UE is allowed to dynamically determine its power control behavior, then for UEs located at the borderline of observing timing difference of [33 us], the UE behaviour can oscillate from subframe to subframe unpredictably. This is unnecessary complication to both UE and network.
· The UE needs to perform frequent measurement of ΔtUL_tx, in order to decide which UL power control mode to use.  In the extreme case, all UEs activated with dual-connectivity operation needs to measure ΔtUL_tx in every subframe before it knows which power control mode to use.

· UE needs to maintain multiple independent and potentially inconsistent sync vs async behaviors such as measurement gap and UL power control mode.

· This also makes it very difficult to define RAN4 testing for such UE behavior.
Weighing the multitude of undesirable consequences against the scant benefit, it is not reasonable to adopt UE-based trigger of UL power control mode.
Proposal: 

· UE UL power control mode is not determined by UE.

Table 2.  Combinations of network deployment, maximum UL transmission timing difference, and UE capability
	
	Observed UL timing difference 
	{DC, Sync} UE
	{DC, Sync+Async } UE

	Synchronous deployment
	<= [33µs]
	DC power control model 1
	DC power control model 1

	
	> [33µs]
	Deployment error case
	Deployment error case

	Asynchronous deployment
	<= [33µs]
	DC power control model ?
	DC power control model ?

	
	> [33µs]
	DC not configured
	DC power control model 2
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Figure 1. Error case when deploying synchronous DC operation.
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Figure 2. Corner case when UE observes ΔtUL_tx <= [33µs] in asynchronous DC operation.
3 Conclusions

In this contribution, we discussed the trigger of UL power control mode in synchronous and asynchronous dual connectivity. Based on the discussion above, we have the following proposals:
Proposal: 

· It is necessary to ensure that eNB and UE have the same understanding on which DC power control mode is being currently used;

· Use a signal from the network to trigger UL power control behavior.

· The network signal can be implicit or explicit.

· Use one network signal to signal a set of sync vs asyc UE behavior including measurement gap and UL power control mode.

· UE UL power control mode is not determined by UE.
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