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1. Introduction
In RAN1#77, following agreements were made on power-control for dual connectivity [1].

	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
Agreements
· 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
· FFS on whether there will be two types of UE behavior (supporting look-ahead and not supporting look-ahead) or there will be only one type of UE behavior
· Confirm WA with clarification: 
· Power control changes are not allowed for one channel on one carrier in the middle of subframe in asynchronous case in dual connectivity (i.e., Power of on-going transmission is not adjusted)
· Within a CG, for the total power allocation, reuse Rel-11 relative priority and power scaling of different channel types
· PRACH to PCell has the highest priority; 
· RAN1 perspective, differentiation between PUSCH with SRB and PUSCH without SRB is not assumed

Launch multiple email discussions for above FFS parts and possible NW coordination on power

Email discussion until 12th  June focusing on (FFS on details) – Yunjung (LG)

Email discussion until 12th June focusing on (FFS on whether there will be two types of UE behavior (supporting look-ahead and not supporting look-ahead) or there will be only one type of UE behavior) – Suzuki (Panasonic)

Email discussion until 12th June focusing on (FFS: P_SeNB+P_MeNB <= PCmax and FFS: P_SeNB+P_MeNB <= 100%) – Fred (NTT DOCOMO)

Email discussion until 12th June focusing on possible NW coordination on power – Sigen (AL)



In this document, email discussion [77-13] addressing following FFS issues is summarized.

FFS: P_SeNB+P_MeNB<=PCmax

FFS: P_SeNB+P_MeNB<=100%

2. Discussion
According to the current agreements, PMeNB and PSeNB can be interpreted as “guaranteed transmit power for MCG and SCG”. If the required transmit power for MCG or SCG does not exceed PMeNB or PSeNB, UE shall actually transmit the signal for MCG or SCG with the required transmit power without any scaling/dropping within the CG. If not, UE may perform power-scaling or signal/channel dropping according to a certain rule; i.e., transmit power for MCG or SCG greater than PMeNB or PSeNB is not guaranteed.

In order to finalize the specification support of PMeNB and PSeNB, following aspects need to be concluded.
1. Should PMeNB and PSeNB be absolute values (e.g., in dBm), or be ratio of PCMAX (in %)?

2. If they are absolute values, can {PMeNB+PSeNB} exceed PCMAX?

3. If they are ratios of PCMAX, can {PMeNB+PSeNB} exceed 100%?

4. Is there other remaining issues related to PMeNB and/or PSeNB?

1. Should PMeNB and PSeNB be absolute values (e.g., in dBm), or be ratio of PCMAX (in %)?
	Company name
	Views

	NTT DOCOMO
	PCMAX could vary between two consecutive TTIs. If PMeNB and PSeNB are defined as absolute values, then they are constant until it is changed by higher-layer. If PMeNB and PSeNB are defined as relative values, they could vary according to the variation of PCMAX.

In the following, we show our observations.
· If they are absolute values (e.g., in dBm), there may be a possibility that PMeNB+PSeNB>PCMAX occurs, due to the variation of PCMAX. Whether/how frequent PMeNB+PSeNB exceeds PCMAX depends on the setting of PMeNB and/or PSeNB and the variation of PCMAX. In order to completely avoid the case of PMeNB+PSeNB>PCMAX, PMeNB and/or PSeNB need to be smaller sufficiently; without allowing PMeNB+PSeNB>PCMAX, sufficient back-off is necessary for setting PMeNB and/or PSeNB. In order to set larger values for PMeNB and/or PSeNB, PMeNB+PSeNB>PCMAX should be allowed. This implies that the UE behavior is necessary when PMeNB+PSeNB>PCMAX occurs. The UE behavior is to change the guaranteed transmit power for MCG and SCG when PMeNB+PSeNB>PCMAX happens, so that the UE total transmit power does not exceed PCMAX.
· If they are relative values (e.g., in % of PCMAX), the case PMeNB+PSeNB>100% can be avoided by configuration. However, since PCMAX value may vary between TTIs, PMeNB and/or PSeNB may also vary according to the variation of PCMAX. In order to protect some specific UL transmissions for MCG and/or SCG, larger value(s) should be set for PMeNB and/or PSeNB so that the UL transmissions are actually protected.
From the above observations, it can be said that defining PMeNB and PSeNB as absolute values with allowing PMeNB+PSeNB>PCMAX would be promising. It can achieve smaller impact from PCMAX variation by setting smaller values for PMeNB and/or PSeNB, compared to the case where they are defined as ratios of PCMAX. Furthermore, by allowing PMeNB+PSeNB>PCMAX, network is allowed to choose the values for PMeNB and/or PSeNB flexibly.

Therefore, our preference is to define PMeNB and PSeNB as absolute values, with allowing PMeNB+PSeNB>PCMAX. If PMeNB+PSeNB>PCMAX is not allowed, defining PMeNB and PSeNB as ratios of PCMAX is preferable as a 2nd choice.

	Ericsson
	Our understanding is that PSeNB and PMeNB are configured to be minimum guaranteed power by MeNB, which are shared with SeNB via an inter-eNB RRC message. Such configuration can only vary slowly. In contrast, the maximum output power Pcmax varies dynamically from subframe-to-subframe. Therefore it is infeasible to define PMeNB and PSeNB as absolute values. It is only feasible to define PMeNB and PSeNB as relative values, e.g., a percentage of PCMAX.

	Samsung
	Agree with Ericsson. Allocating % values results to simpler specification and implementation and more predictable operation than allocating absolute values, considering that the allocation is semi-static and PCMAX is dynamic. PMeNB and PSeNB should be % values of PCMAX.

	NSN, Nokia
	My understanding of the difference of the methods is that in case of absolute values UE is configured e.g. with the following values: P_MeNb=17dBm, P_SeNB=17dBm, remaining power 20dBm. If ratios are used configuration could be: P_MeNB= 25% * Pcmax, P_SeNB= 25% * Pcmax, remaining power 50% *Pcmax. If MPR/A-MPR is such that Pcmax is 20dBm, then in the absolute value case, it is enough that remaining power is not used, but P_MeNb and P_SeNb can still be 17dBm. If ratio definition is used then everything is scaled down by 3dB.

Our preference is to use dBm values so that variation in PCMAX does not continuously change PMeNB and PSeNB. Because MPR/A-MPR can sometimes be high, PMeNB+PSeNB>PCMAX should be allowed. However, because PMeNB and PSeNB are defined as guaranteed powers, their sum should be less than UE power class i.e. PMeNB+PSeNB ≤  PPowerclass 

	InterDigital
	We prefer to define PMeNB and PSeNB in terms of ratio (%) of Pcmax, for the following reasons:

a) Defining PMeNB and PSeNB as absolute values would imply that the “remaining power” is reduced (possibly up to zero) when Pcmax is decreased. In our view this is not in line with the intent of the agreement. The intent of the agreement is to allow a network to ensure that a portion of the available power would be allocated based on UCI type. The remaining power is thus not necessarily “less important” than the guaranteed power.
b) Even if PMeNB and PSeNB would be defined as absolute values this does not “guarantee” power availability for the cell groups since the MPR, A-MPR or P-MPR can limit the transmission power in a cell group down to below the guaranteed power. Thus the benefit in terms of predictability of UE behaviour is very limited.

	Huawei
	PMeNB and PSeNB should be defined in terms of ratio of PCMAX.  

	LG
	We prefer absolute values for PMeNB and PSeNB. For the simplicity (not to handle the case where the sum exceeds UE maximum power), we like to keep PMeNB+PSeNB <= Pcmax. One way to maintain the summed power does not exceed Pcmax, we can keep the same absolute value for PMeNB and PSeNB can be adjusted as min {Pcmax - PMeNB, PSeNB}. 

	Hitachi
	Our preference is to define PMeNB and PSeNB as relative values of PCMAX.
Pcmax varies dynamically. Therefore, if PMeNB and PSeNB are defined as absolute values, PMeNB+PSeNB may exceed Pcmax. In this case, one of the transmit power for MeNB and SeNB is not guaranteed, even though PMeNB and PSeNB are defined as minimum guaranteed power. In order to avoid this situation, we think PMeNB and PSeNB need to be defined as relative values.

	Intel 
	We prefer to define PMeNB and PSeNB as a percentage value in relation to the Pcmax considering Pcmax can be dynamically varied on a per-subframe basis while the ratio of PMeNB and PSeNB are semi-statically configured.

	BRCM
	We slightly prefer to define PMeNB and PSeNB as relative values of PCMAX. That is to avoid exceeding PCMAX that may happen with absolute values. On the other hand, using relative values and thus varying guaranteed power levels make it more difficult to configure the minimum guaranteed values appropriately. 
In either case, regardless whether PMeNB and PSeNB are ratios or absolute values, due to PCMAX being floating value, UE may not have enough transmission power for successful transmission. Thus, UE should be able to drop a transmission autonomously if transmit power to a CG if the transmission power becomes less than a threshold. For example, if PCMAX is lowered, UE might be able to have a successful transmission to only one cell group (even if both eNB have scheduled) on a condition that all power can be allocated to only one cell group and other CG transmission is dropped.

	NEC
	Same understanding as above companies who support the ratio of PCMAX (%). 

	ALU, ASB
	Prefer ratio for the simplicity. But we also see the potential benefit of using absolute value that can better guarantee the performance of essential channel/information. So we are open to the absolute value if a simple and reasonable solution can be found. 

	CATT
	It is preferred to define PMeNB and PSeNB as ratios of PCMAX for the same reasons mentioned above.


2. If they should be absolute values, can {PMeNB+PSeNB} exceed PCMAX?
	Company name
	Views

	NTT DOCOMO
	If they are defined as the absolute values, PMeNB+PSeNB>PCMAX should be allowed. The UE behaviour when PMeNB+PSeNB>PCMAX needs to be specified. This case corresponds to the situation where “remaining power” is a minus value in the following RAN1#77 agreement:
· 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


	Ericsson
	As discussed in Question 1, PSeNB and PMeNB should not be absolute values. 

	Samsung 
	If they are absolute values, PMeNB+PSeNB should be allowed to exceed PCMAX in order to avoid power under-utilization. However, as commented for the first question, our opinion is that PMeNB and PSeNB should be % values of PCMAX.

	NSN, Nokia
	{PMeNB+PSeNB} can exceed PCMAX but {PMeNB+PSeNB} should not exceed PPowerclass. For the case that PMeNB+PSeNB>PCMAX (and UE is power limited) we propose power scaling operation: w* ^PMeNB + w* ^PSeNB ≤  ^PCMAX. 

	InterDigital
	If PMeNB and PSeNB are defined as absolute values, in practice it is not possible to prevent that their sum exceeds Pcmax, given that MPR/A-MPR/P-MPR can be quite large in some situations.

	Huawei
	It is difficult to keep PMeNB+PSeNB<PCMAX if they are defined as absolute values. 

	LG
	If we allow the case {PMeNB+PSeNB} can exceed PCMAX, then PMeNB and/or PSeNB may not be guaranteed due to potential power scaling. Thus, we do not see clear benefits by allow the case. As mentioned in Question 1, if needed, power allocation to one eNB can be adjusted based on Pcmax and the allocated power to the other eNB to keep the summed power equal or less than Pcmax. 

	Hitachi
	If they should be absolute values, {PMeNB+PSeNB} can exceed PCMAX. In this case, prioritization rule agreed for remaining power might be reused. However, as discussed in Question 1, our preference is that PMeNB and PSeNB are defined as relative values.

	Intel 
	If PMeNB and PSeNB are specified with absolute values, PMeNB+PSeNB > PCMAX need to be allowed. Then, power scaling rule need to be specified to scale down the actual transmission power if it happens. To avoid these additional efforts, our opinion is to define these two parameters as a percentage value in relation to the Pcmax.

	BRCM
	{PMeNB+PseNB} may exceed PCMAX because PCMAX fluctuates from subframe to another.

	NEC
	If {PMeNB+PSeNB} can exceed PCMAX, then special handling (and possibly a separate prioritization rule) would be needed for this case. Hence it is not preferred in order to keep the spec complexity low.

	ALU, ASB
	In absolute value, it is basically unavoidable to have {PMeNB+PSeNB} exceeding PCMAX in some scenarios.

	CATT
	If PMeNB and PSeNB are absolute values, it is difficult to keep the sum not exceeding PCMAX. In that case, additional handling is needed.


3. If they should be ratios of PCMAX, can {PMeNB+PSeNB} exceed 100%?
	Company name
	Views

	NTT DOCOMO
	If they are defined as the ratios of PCMAX, it is quite natural to consider that PMeNB+PSeNB does not exceed PCMAX, since the concern when they are defined as the absolute values does not apply to this case.

	Ericsson
	Since PSeNB and PMeNB are minimum guaranteed power by definition, {PMeNB+PSeNB} CANNOT exceed PCMAX. Otherwise, the purpose of defining PSeNB and PMeNB to guarantee a minimum power level for a later subframe in unsynchronized case is defeated. Thus {PMeNB+PSeNB} CANNOT exceed 100%.

	Samsung 
	Same as Ericsson. 

	NSN, Nokia
	In this case {PMeNB+PSeNB} should not exceed 100%. We are fine to define PMeNB and PSeNB also as ratios of PCMAX.

	InterDigital
	We do not see a strong motivation to allow PMeNB+PSeNB > 100% (of Pcmax).

	Huawei
	PMeNB+PSeNB should not exceed 100%.  Otherwise it would be meaningless to call them “guaranteed power”.

	LG

	If the ratio is used, we do not see a clear benefit of allowing the case where {PMeNB+PSeNB} exceeds 100%. On the other hand, this may introduce additional specification work. Thus, we prefer not to allow this case.

	Hitachi
	In order to guarantee the power of each eNB, {PMeNB+PSeNB} cannot exceed 100%.

	Intel 
	Considering PMeNB and PSeNB were intended reserving the minimum guaranteed transmission power for MeNB and SeNB independently, so there is no reason to allow {PMeNB+PSeNB} exceeds 100% as it leads to further reduce the “guaranteed” transmission power.

	BRCM
	No

	NEC
	Same preference as above companies that {PMeNB+PSeNB} does not exceed 100%.

	ALU, ASB
	In this case, {PMeNB+PSeNB} should not exceed 100%.

	CATT
	If PMeNB and PSeNB are ratios of PCMAX, {PMeNB+PSeNB} should not exceed 100%.


4. Is there other remaining issues related to PMeNB and/or PSeNB?
	Company name
	Views

	NSN, Nokia
	Range and resolution of PMeNB and PSeNB should be decided in RAN1.

	BRCM
	If look-ahead is not used, UE can transmit to one CG at most with a transmit power of PCMAX-PMeNB or PCMAX-PSeNB. Thus, when PMeNB and PSeNB are set conservatively and UE is not transmitting to both CGs, available power on one CG becomes largely restricted.

	LG
	Support of PMeNB=100% (or PMeNB=PCMAX) and PMeNB+PSeNB<PCMAX (or <100%)

	LG
	PMeNB and PSeNB are ratios of Ppowerclass unless PMeNB+PSeNB<PCMAX, while if PMeNB+PSeNB<PCMAX, they are ratios of PCMAX


3. Summary of email discussion

During the email discussion, following preferences from companies are observed for each of the questions.
1. Should PMeNB and PSeNB be absolute values (e.g., in dBm) or be ratios of PCMAX (e.g., in %)?

· Absolute values: DCM, NSN, Nokia, LGE
· Ratios of PCMAX: Ericsson, Samsung, InterDigital, Huawei, Hitachi, Intel, BRCM, NEC, ALU/ASB, CATT
· PCMAX_H as a reference: Panasonic

Observation

Some pros/cons are observed in the discussion, which is summarized in the following table. Some companies see a benefit to define these parameters as absolute values; guaranteed power is fixed unless PMeNB+PSeNB>PCMAX. However, it is common understanding that if they are absolute values, we need to allow the case PMeNB+PSeNB>PCMAX, which requires specifying additional UE behavior. Therefore, majority companies consider that it is sufficient to define them as ratios of PCMAX. 
	
	Pros
	Cons

	Absolute values
	· Not affected by PCMAX variation when PMeNB+PSeNB<=PCMAX
	· Need to define UE behavior when PMeNB+PSeNB>PCMAX

	Ratios of PCMAX
	· No need to define PMeNB+PSeNB>100%
	· Affected by PCMAX at any time


2. If they are absolute values, can {PMeNB+PSeNB} exceed PCMAX?

· No: No company support

· Yes: DCM, Ericsson, Samsung, NSN, Nokia, InterDigital, Huawei, LGE, Hitachi, Intel, BRCM, NEC, ALU/ASB, CATT
Observation
All companies consider the answer should be yes.

3. If they are ratios of PCMAX, can {PMeNB+PSeNB} exceed 100%?

· No: DCM, Ericsson, Samsung, NSN, Nokia, InterDigital, Huawei, LGE, Hitachi, Intel, BRCM, NEC, ALU/ASB, CATT
· Yes: No company support

Observation
All companies consider the answer should be no.

4. Is there other remaining issues related to PMeNB and/or PSeNB?

· Range and resolution need to be defined: NSN, Nokia

· Without look-ahead, if PMeNB and PSeNB are set conservatively, power utilization is restricted: BRCM

· Support of PMeNB=100% (or PMeNB=PCMAX) and PMeNB+PSeNB<PCMAX (or <100%): LGE
· PMeNB and PSeNB are ratios of Ppowerclass unless PMeNB+PSeNB<PCMAX, while if PMeNB+PSeNB<PCMAX, they are ratios of PCMAX: LGE
Observation
On the 1st point, we slightly discussed the potential range and resolution in [77-13], but it was agreed that the final decision should be in RAN1#78. On the 2nd point, we are discussing look-ahead aspect in [77-12]. On the 3rd point, in the proposed way forward below, support of PMeNB=PCMAX (or 100%), PSeNB=PCMAX (or 100%), PMeNB+PSeNB=PCMAX (or 100%), and PMeNB+PSeNB<PCMAX (or 100%), are included. The 4th point was discussed in the context of the Question 1, but majority views seem to fine with ratios of PCMAX. 
Based on the discussion so far, we further discussed following two agreements.

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.
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