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1. Introduction
Following agreements related to the guaranteed power PMeNB and/or PSeNB were reached at the RAN1#77 meeting [1] and the subsequent email discussion [2].
	Agreements
· In both synchronous and asynchronous cases, at least for PUCCH/PUSCH
· Minimum guaranteed power allocation P_SeNB and/or P_MeNB can be configured
· P_SeNB >=0, P_MeNB >=0
· FFS: P_SeNB+P_MeNB <= PCmax
· FFS: P_SeNB+P_MeNB <= 100%
· The total power allocation per CG Palloc_xeNB can be determined by 
· (1) Power allocation up to P_SeNB and P_MeNB (i.e. Ppre_SeNB and Ppre_MeNB) 
· At first, UE needs to allocate power per each eNB up to P_SeNB or P_MeNB (if configured) respectively regardless of priority rule if transmission is scheduled
· Ppre_xeNB = min {power based on actual grant/assignment and TPC commands, P_xeNB}
· (2) Plus allocation of remaining power
· In both synchronous and asynchronous cases:

· If look-ahead is supported or in synchronous case
· All the remaining power can be used
· For the remaining power, priority is determined based on UCI type across CG for channels not satisfied by P_SeNB or P_MeNB
· FFS on details
· Giving all the remaining power to a CG is not precluded
· If look-ahead is not assumed: 
· Reserve P_SeNB and/or P_MeNB towards each eNB if there is potential uplink transmission
· If the UE knows it does not have transmission in the other CG in overlapped subframes based on at least semi-static information (e.g., TDD UL/DL config.), UE does not reserve the power for that CG
· For the remaining power, earlier transmission is higher priority


	Agreement 1

· If they are defined as absolute values, PMeNB+PSeNB>PCMAX is allowed.

· PMeNB+PSeNB>Ppowerclass is not allowed.

· FFS: UE behavior when PMeNB+PSeNB>PCMAX.

· If they are defined as ratios of PCMAX, PMeNB+PSeNB>100% is not allowed.

· PMeNB=PCMAX (or 100%), PSeNB=PCMAX (or 100%), PMeNB+PSeNB=PCMAX (or 100%), and PMeNB+PSeNB<PCMAX (or 100%), are supported.
Agreement 2

· Working assumption: PMeNB and PSeNB are defined as ratios of PCMAX.
· Note: PCMAX above is linear domain value.

· Following is FFS in RAN1#78:
· Range and resolution of PMeNB and PSeNB.


In this contribution, we discuss the remaining FFS regarding the guaranteed power PMeNB and/or PSeNB.

2. Range and resolution of PMeNB and PSeNB
The PMeNB and/or PSeNB are set such that the transmission power is guaranteed for the CG. In an asynchronous case, if look-ahead is not available, the PMeNB and PSeNB are the maximum power at least of PUSCH/PUCCH for the MCG and SCG. Therefore, PMeNB and PSeNB should have sufficient finer granularity.
Considering that the granularity of TPC command for power-control is +/1dB, resolution of PMeNB and PSeNB corresponding to 1dB granularity would be reasonable. The PMeNB or PSeNB in % should be able to be chosen from the following table, where the values in % are chosen such that the guaranteed power is 10, 11, 12, …, 23dBm when PCMAX is 23dBm. Note that depending on the exact value of PCMAX chosen by the UE, the value of guaranteed power in dBm is also different. 
Table.1 Relation between PMeNB or PSeNB (in %) and the corresponding guaranteed power (in dBm)

	PMeNB or PSeNB (in %)
	Corresponding guaranteed power (in dBm, when PCMAX=23dBm)

	0
	Not guaranteed

	5
	10

	6
	11

	8
	12

	10
	13

	13
	14

	16
	15

	20
	16

	25
	17

	32
	18

	40
	19

	50
	20

	63
	21

	80
	22

	100
	23


It was discussed whether default values for PMeNB and PSeNB are necessary. The main motivation to define the default value is to reduce signalling overhead.  However, since RRC signalling configuring dual connectivity has already large payload, the gain by omitting the IEs for PMeNB and/or PSeNB is quite marginal. Therefore, similar to the other parameters, PMeNB and PSeNB can be configured when dual connectivity is configured without defining default values. 
Proposal 1:

· The value of PMeNB or PSeNB is chosen from 0%, 5%, 6%, 8%, 10%, 13%, 16%, 20%, 25%, 32%, 40%, 50%, 63%, 80%, or 100%, of PCMAX.
· PMeNB+PSeNB shall be less than or equal to 100%.

· Default value of PMeNB and/or PSeNB is N/A.
3. Network coordination on power

After RAN1#77, there was a discussion on the network coordination on power [77-14]. The discussion was whether MeNB should signal PSeNB,max or PMeNB to SeNB. If the MeNB configures {PMeNB, PSeNB} to the UE by RRC signalling while the MeNB signals {PSeNB,max, PSeNB} to the SeNB, UE power-control behavior using {PMeNB, PSeNB} and SeNB power-allocation strategy using {PSeNB,max, PSeNB} are considered to be decoupled.
However, the benefit of this new signalling parameter is still unclear. Even without configuring PSeNB,max, SeNB can be aggressive such that the SeNB schedules UL transmission with the power greater than PCMAXPMeNB. On the other hand, SeNB needs to know PMeNB so that the SeNB can control the power allocation for the UE while taking into account the guaranteed power level for the MeNB. As such, PMeNB, instead of PSeNB,max, needs to be signaled to the SeNB.
Proposal 2:
· PSeNB,max is not introduced.

· The set of {PMeNB, PSeNB} is signalled to both UE and SeNB from MeNB.

Next, it is worth addressing the overview of the NW coordination in term of PMeNB and PSeNB,, while the signaling flows are RAN2/3 region. The signaling procedure of {PMeNB, PSeNB} between the MeNB and SeNB can be based on the SCG modification procedure [3, Figure 10.1.2.X.1.1-1]. Considering that SeNB initiated SCG modification procedure where the final RRC configuration is determined by the MeNB, the signalling procedure of {PMeNB, PSeNB} should be as following. 

1. With the SCG-configuration, SeNB can suggest its preferred PSeNB for its own CG to MeNB.
2. MeNB decides the value(s) of PMeNB and/or PSeNB.

· It is up to MeNB whether the suggested PSeNB by SeNB is adopted or different value is selected.
3. With RRC connection reconfiguration, MeNB indicates the decided PMeNB and/or PSeNB to the UE.

4. With the inter-eNB RRC message Y, MeNB indicates the decided PMeNB and/or PSeNB to the SeNB.
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Fig.1  PMeNB and/or PSeNB signalling procedure.
Proposal 3:

· SeNB can request its preferred PSeNB to MeNB in SCG-configuration.

· MeNB determines PMeNB and/or PSeNB and signal them to both UE and SeNB.

· It is up to MeNB whether the suggested PSeNB is adopted or different PSeNB is chosen.

· MeNB signals PMeNB and/or PSeNB to SeNB using inter-eNB RRC message Y.

RAN2 needs to take into account RAN1’s decision on the range and resolution of PMeNB and/or PSeNB to define the relevant RRC parameters. Furthermore, RAN2 needs to know RAN1’s understanding on how the PMeNB and/or PSeNB needs to be signaled between the eNBs. Therefore, RAN1 should agree the above proposals and inform them to RAN2 by LS.
Proposal 4:

· RAN1 agrees above proposals 1/2/3 and inform the agreements to RAN2.
4. Choice of PMeNB and/or PSeNB
Finally, examples of the choices of the values of PMeNB and/or PSeNB are briefly discussed. There would be two different strategies on the usage of the guaranteed power as following.

A) The value of PMeNB for MCG is chosen such that PUCCH on PCell and SRB PUSCH are guaranteed. The value of PSeNB for SCG is chosen such that PUCCH on PSCell is guaranteed. Therefore, for most of the UEs configured with dual connectivity, PMeNB+PSeNB is likely be less than 100%. The power more than PMeNB+PSeNB is the remaining power.
B) The value of PMeNB for MCG is chosen such that the potential required power is sufficiently guaranteed for MCG. Then, the remaining power is given to SCG by guaranteeing the power for SCG by PSeNB. Therefore, for most of the UEs configured with dual connectivity, PMeNB+PSeNB is likely be close to 100%. 
In a synchronous case or in an asynchronous case with look-ahead, each CG can use the total power (PCMAX,c per serving cell or PCMAX per UE) regardless of the values of PMeNB and PSeNB. The difference between with and without PMeNB and PSeNB for this case is only the prioritization rule. Therefore, either strategy A or B can be used without a substantial difference.

In an asynchronous case, if look-ahead is not supported, each CG may not be able to use the total power because of the guaranteed power for the other CG. In order to realize dynamic power-sharing in the asynchronous case without look-ahead, the remaining power is necessary, as in the strategy (A). The remaining power can be utilized by either CG, with the condition that on-going transmission is prioritized.

For any cases, if the network/operator prefers to avoid the case that the own allocated power is influenced by the other CG’s activity with a certain probability, PMeNB+PSeNB should close to 100%. On the other hand, if the network/operator prefer to perform aggressive scheduling such that the transmit power is fully utilized, PMeNB+PSeNB should be smaller. It is up to the network/operator choices on which values are configured for PMeNB and PSeNB. eNBs can monitor the reported PHR whether correct values are configured for PMeNB and PSeNB.
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Fig.2  Example two strategies of setting PMeNB and PSeNB.
Proposal 5:

· Overall power control in dual connectivity should be specified such that the two different power control strategies can be efficiently carried out.

· Strategy A: PMeNB and PSeNB are configured to protect the minimum guaranteed power only for the important signals.

· Strategy B: PMeNB and PSeNB are configured so that the power for each CG is ensured and is not influenced by the other CG’s activity.

5. Conclusion
In this contribution, we discuss the remaining details of guaranteed power PMeNB and/or PSeNB for dual connectivity. Following are our proposals.
Proposal 1:

· The value of PMeNB or PSeNB is chosen from 0%, 5%, 6%, 8%, 10%, 13%, 16%, 20%, 25%, 32%, 40%, 50%, 63%, 80%, or 100%, of PCMAX.
· PMeNB+PSeNB shall be less than or equal to 100%.

· Default value of PMeNB and/or PSeNB is N/A.
Proposal 2:

· PSeNB,max is not introduced.

· The set of {PMeNB, PSeNB} is signalled to both UE and SeNB from MeNB.

Proposal 3:

· SeNB can request its preferred PSeNB to MeNB in SCG-configuration.

· MeNB determines PMeNB and/or PSeNB and signal them to both UE and SeNB.

· It is up to MeNB whether the suggested PSeNB is adopted or different PSeNB is chosen.

· MeNB signals PMeNB and/or PSeNB to SeNB using inter-eNB RRC message Y.

Proposal 4:

· RAN1 agrees above proposals 1/2/3 and inform the agreements to RAN2.

Proposal 5:

· Overall power control in dual connectivity should be specified such that the two different power control strategies can be efficiently carried out.

· Strategy A: PMeNB and PSeNB are configured to protect the minimum guaranteed power only for the important signals.

· Strategy B: PMeNB and PSeNB are configured so that the power allocation for CGs is ensured and is not influenced by the other CG’s activity.
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