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1. Introduction
As discussed previously in [4,6,11], TS 38.101-3 [1] does not require the dynamic power sharing UE to implement dynamic power sharing in the sense defined in TS 38.213 [2].  In particular, the UE is always allowed to assume that the MCG (LTE) is transmitting at its stand-alone maximum power PCMAX, E-UTRA when determining if the SCG should be scaled or dropped, regardless of the actual power transmitted on the MCG. As a consequence of this definition, the dynamic power sharing UE is not required to implement dynamic power sharing in the sense that there is no requirement that the power not used by the MCG be made available to the SCG.

The scaling and dropping conditions in TS 38.101-3 depend on conditions ‘a’ and ‘b’ which are defined as the following

a= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) ] > PEN-DC,tot_L
b= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale] > PEN-DC,tot_L .
where the UE is allowed to drop the NR carrier if ‘b’ is true and the UE is allowed to scale pCMAX,f,c,NR by X_scale if ‘a’ is true and ‘b’ is FALSE.  As noted in [6,11] current requirements in TS 38.101-3 have several negative consequences, including the following:

i) For multiple realistic deployment scenarios, the condition ‘b’ is always true and the dynamic power sharing UE is allowed to drop the SCG carrier whenever there is an MCG transmission.

ii) For deployment scenarios for which condition ‘a’ is TRUE and condition ‘b’ is FALSE, the UE is allowed to scale the SCG even when no scaling is needed to meet either emissions or total power constraints.

iii) There is no requirement that that power not used by the MCG be made available to the SCG. Thus, the specification allows dynamic power sharing, but does not require it.

Fundamentally, in order to require the UE to implement dynamic power sharing in the sense described in TS 38.213, PCMAX_L for the SCG must be a function of the actual MCG power , and this was proposed in [3,4,6].  In [7], concerns were expressed about the feasibility and testability of such a requirement due to the fact that  is not known precisely to the UE due to power tolerances. In this contribution, we address these concerns and consider alternative proposals for defining a dynamic power sharing requirement which require the UE to make power not used by the LTE carrier available to the NR carrier.
2. Undesirable Behaviour Allowed with the SCG Scaling/Dropping Conditions in TS 38.101-3

The scaling and dropping rules in TS 38.101-3 were studied in [3,4,6] for a variety of intra-band and inter-band EN-DC scenarios, and the results are provided in Table 1 below.

	Case
	Scenario
	Allowed Behavior

	General intra-band non-contiguous
	PLTE = PNR = PENDC = 23 dBm
	UE can always drop the SCG whenever there is an MCG transmission

	General intra-band contiguous
	PLTE = PNR = PENDC = 23 dBm
and MCG modulation order is 64-QAM or less
	UE can always drop the SCG whenever there is an MCG transmission

	DC_(n)71AA
	PLTE = PNR = PENDC = 23 dBm
	UE can always drop the SCG whenever there is an MCG transmission

	General inter-band
	PLTE = PNR = PENDC = 23 dBm
and both MCG and SCG modulation order is 64-QAM or less
	UE can always scale the SCG by X_scale whenever there is an MCG transmission.

	
	PLTE = PNR = PENDC = 23 dBm
and MCG MPR = 0 dB
	UE can always drop the SCG whenever there is an MCG transmission



Table 1:  Summary of Allowed Scaling/Dropping Behavior for EN-DC UE Indicating Support of Dynamic Power Sharing
From Table 1 above, it can be observed that four of the five scenarios, the UE is allowed to drop the SCG whenever there is an MCG transmission and this is true regardless of the actual transmission power , the specific RB allocations on the two carriers, and the value of X_scale. In the fifth scenario, the UE is allowed to scale the SCG by X_scale whenever there is an MCG transmission, even if no scaling is needed.
3. What is the Intended Behaviour for EN-DC with Dynamic Power Sharing?
The purpose of dynamic power sharing is to allow both carriers access to the total power.  Thus, if the first carrier has a much larger RB allocation and/or a higher MCS than the second carrier, the first carrier can be allocated the majority of the power while the second carrier, which needs less power, is allocated the remainder.  Thus, in a first subframe, the first carrier may be allocated 22 dBm while the second carrier is allocated 16 dBm (23 dBm total), while in the next subframe the allocations and MCS may be reversed so that the first carrier is allocated 16 dBm while the second carrier is allocated 22 dBm.  Without dynamic power sharing, it would be necessary to define a fixed allocation of the total power, such as a partition in which each carrier is allocated 20 dBm.  For this fixed allocation, the neither carrier can use the power that is not needed by the other carrier.
The problem for EN-DC with dynamic power sharing is illustrated in Figure 1 below.  For this simple example, Pcmax is equal to 23 dBm for both the MCG and the SCG.  In this case, both conditions ‘a’ and ‘b’ are true, so that TS 38.101-3 allows the dynamic power sharing UE to drop the SCG regardless of how little power is transmitted on the MCG.  There is no requirement in TS 38.101-3 that the power that is not used by the MCG be made available to the SCG; instead, the SCG can be dropped no matter how much power is available.
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Figure 1:  The SCG can always be dropped if conditions ‘a’ and ‘b’ are True no matter how little power is transmitted on the MCG
We now consider some more detailed examples illustrating the difference between the RAN1 requirement in TS 38.213 and the behaviour that is allowed in TS 38.101-3.

Example 1:  General Inter-band EN-DC without NS Signalling
We consider the general inter-band case without NS signalling from Table 1 above in which PLTE = PNR = PENDC = 23 dBm.  Depending on the MPR taken on each of the carriers, any of the following conditions is possible.  

	a= FALSE		no scaling or dropping of the SCG is allowed
	a= TRUE, b= FALSE	SCG scaling allowed
	a= TRUE, b= TRUE	SCG dropping always allowed
	
We now consider the allowed behaviour of the UE in the case that the MPR on both the LTE and NR carriers is equal to 2 dB. For this case, the sum of Pcmax,L for the LTE and NR carriers is given by



so that condition ‘a’ is TRUE.  If we assume that X_scale is 6 dB, then we have

,

so that the condition ‘b’ is FALSE.  As a result, the UE is required to transmit the NR carrier but is allowed to set PCMAX_L for the NR carrier equal to 15 dBm, no matter how little power is transmitted on the LTE carrier. For example, if the LTE carrier is only transmitting 13 dBm, the NR carrier is only required to transmit a maximum of 15 dBm even though it could transmit as much as 21 dBm and still meet both emissions and total power constraints since

.

[image: ]

Figure 2:  Allowed behaviour in TS 38.101-3 vs. dynamic power sharing behaviour in TS 38.213 when MPR = 2 dB for both the LTE and NR carriers

This problem is illustrated in Figure 2 in which it can be seen that PCMAX_L for the NR carrier is 6 dB less than it would be with dynamic power sharing as described in TS 38.213.  From this example, it should be clear that even though the UE must transmit the NR carrier when a= TRUE and b= FALSE, dynamic power sharing is not required since the UE is never required to transmit more than 15 dBm on the NR carrier.  It is thus possible for a UE which indicates support of dynamic power sharing to meet the requirements in TS 38.101-3 without requiring the UE to share power not used by the LTE carrier with the NR carrier.

Example 2:  DC_(n)71AA
We next consider the example of DC_(n)71AA from Table 1 for the scenario in which PLTE = PNR = PENDC = 23 dBm.   As noted in the Table 1, for this example the UE is always allowed to drop the NR carrier whenever there is a transmission on the LTE carrier. Thus, PCMAX_L for the NR carrier is essentially 0 in linear terms, as is illustrated in Figure 3, no matter how little power  is transmitted on the MCG.

While TS 38.101-3 always allows the UE to drop the NR carrier, there is very significant power that could be transmitted on the NR carrier while still meeting both emissions and total power constraints.  In Figure 3, the power that could be transmitted is shown as a function  for a full allocation for which the total A-MPR is 6.5 dB (CP-OFDM). This second curve corresponds to Pcmax,L proposed in [6] and is consistent with the dynamic power sharing requirements in TS 38.213.
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Figure 3:  Allowed behaviour in TS 38.101-3 vs. dynamic power sharing behaviour in TS 38.213 for a full RB allocation
4. Defining Dynamic Power Sharing Requirements
From the discussion and examples above, it should be clear that unless a lower bound is defined on Pcmax for the SCG that depends on the power , then there is no dynamic power sharing requirement in TS 38.101-3 for RAN5 to test and dynamic power sharing is untestable. As pointed out in [7], there is a problem in defining a lower bound on the Pcmax for the SCG that depends on the MCG power, , becaue the UE does not precisely know the value of .  However, if the UE cannot accurately estimate the value of , then it seems that it may not be impossible for the UE to implement dynamic power sharing.
 
Normally, when defining a requirement, the tolerance is defined after the requirement is set.  However, due to the uncertainty of the UE’s estimate of , it is necessary to include a tolerance when defining the requirement as is discussed in [7], and as proposed in [11].

Intra-Band EN-DC

For intra-band EN-DC, the PEN-DC,tot is defined as the total power that can be transmitted while meeting both the total power constraint and all emissions constraints. Thus, when condition ‘a’ is TRUE, let  denote the configured power for the LTE carrier in dB and define

PCMAX_L,NR_DPS  = 10*log10(10^(PEN-DC,tot_L/10) –10^ + T())/10)) ,		(1)

where T() is the power tolerance for the configured power and  is less than or equal to Pcmax_E-UTRA.  We only consider the case that condition ‘a’ is TRUE as otherwise no change is needed.  Also, PEN-DC,tot_L is used because  is a variable that is internal to the UE.  Since the UE knows its configured LTE power , it also knows its allowed tolerance and can use this when setting PCMAX_L,NR_DPS. When testing dynamic power sharing, the test equipment configures  for the LTE carrier and then gives power ‘up’ commands to the NR carrier until reaches the steady state.  Since both the UE and the test equipment know the configured power , the tolerance T()  is also known to both. The maximum NR power is then required to exceed the value
 
PCMAX_L,NR_DPS – T1(PCMAX_L,NR_DPS) .				(2)

where the tolerance T1 in (2) may be different than the tolerance T in (1).  The proposed requirement on PCMAX_L,NR_DPS is shown as a function of the value PEN-DC,tot_L in Figure 4 where the tolerance T that is used is the Pcmax tolerance defined in Table 6.2.5-1 of TS 36.101. It should be noted that the non-monotonic behaviour is due to changes in the power tolerance as a function of the configured power .

Proposal 1:  For intra-band EN-DC when condition ‘a’ is TRUE, let  denote the configured power for the LTE carrier in dB and define

PCMAX_L,NR_DPS  = 10*log10(10^(PEN-DC,tot_L/10) –10^ + T())/10)) ,

where T() is the power tolerance for the configured power. The maximum NR power is required to exceed the value
PCMAX_L,NR_DPS – T1(PCMAX_L,NR_DPS) .
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Figure 4:  Intra-Band Pcmax,L,NR_DPS for the NR carrier as a function of the configured LTE power

Inter-Band EN-DC

The situation is slightly different since for inter-band EN-DC PEN-DC,tot_L is not defined.  For inter-band EN-DC,  addresses the total power constraint but does not include the MPR/A-MPR needed to meet emissions constraints on the NR carrier.
For inter-band EN-DC when condition ‘a’ is TRUE, let  denote the configured power for the LTE carrier in dB and define

PCMAX_L,NR_DPS  = min(10*log10(10^(/10) –10^( + T())/10)) , PCMAX_L,NR) ,   	(3)

where PCMAX_L,NR is from 6.2B.4.1.3 of TS 38.101-1, T() is the power tolerance for the configured power,  is less than or equal to Pcmax,L_E-UTRA, and we only consider the case that condition ‘a’ is TRUE as otherwise no change is needed.  As in the intra-band case, since the UE knows its configured LTE power , it also knows its allowed tolerance and can use this when setting PCMAX_L,NR_DPS. When testing dynamic power sharing, the test equipment configures  for the LTE carrier and then gives power ‘up’ commands to the NR carrier until the NR power reaches steady state.  Since both the UE and the test equipment know the configured power , the tolerance T() is also known to both.  The maximum NR power is then required to exceed the value
 
PCMAX_L,NR_DPS – T1(PCMAX_L,NR_DPS) . 					(4)

where the tolerance T1 in (4) may be different than the tolerance T in (3).  The proposed requirement on PCMAX_L,NR_DPS is shown in Figure 5 for an example in which the MPR for the NR carrier is 2 dB, so that PCMAX_L,NR = 21 dB.  The tolerance T that is used is the Pcmax tolerance defined in Table 6.2.5-1 of TS 36.101.  Also shown in Figure 5 is the existing requirement from TS 38.101-3 as well as the TS 38.213 requirement (both from Figure 2).  It is interesting to note that because tolerances are included as in Proposal 2, PCMAX_L,NR_DPS actually drops below the the existing TS 38.101-3 requirement when the MCG power is above 17 dBm.
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Figure 5:  Inter-Band Pcmax,L,NR_DPS for the NR carrier as a function of the configured LTE power when MPR for the NR carrier is 2 dB

Proposal 2:  For inter-band EN-DC when condition ‘a’ is TRUE, let  denote the configured power for the LTE carrier in dB and define

PCMAX_L,NR_DPS  = min(10*log10(10^(/10) –10^(( + T())/10)) , PCMAX_L,NR) ,

where PCMAX_L,NR is from 6.2B.4.1.3 and T() is the power tolerance for the configured power. The maximum NR power is required to exceed the value

PCMAX_L,NR_DPS – T1(PCMAX_L,NR_DPS) .
5. Summary
Verification of dynamic power sharing is needed to ensure that UE’s behave as intended from TS 38.213 and so that the bad behaviour illustrated in Section 2 does not occur.  From the operator’s perspective, the behaviour of the UE must be predictable, and currently there is far too much uncertainty in the UE implementation.  For this reason proposals have been made for defining requirements which do not allow the UE to drop or scale the NR carrier whenever condition ‘a’ is TRUE if neither dropping nor scaling are needed to meet either emissions or total power constraints.  As a result, we have the following two proposals for intra-band and inter-band EN-DC, respectively.
Proposal 1:  For intra-band EN-DC when condition ‘a’ is TRUE, let  denote the configured power for the LTE carrier in dB and define

PCMAX_L,NR_DPS  = 10*log10(10^(PEN-DC,tot_L/10) –10^ + T())/10))


where T() is the power tolerance for the configured power. The maximum NR power is required to exceed the value
PCMAX_L,NR_DPS – T1(PCMAX_L,NR_DPS) .

Proposal 2:  For inter-band EN-DC when condition ‘a’ is TRUE, let  denote the configured power for the LTE carrier in dB and define

PCMAX_L,NR_DPS  = min(10*log10(10^(/10) –10^(( + T())/10)) , PCMAX_L,NR) ,

where PCMAX_L,NR is from 6.2B.4.1.3 and T() is the power tolerance for the configured power. The maximum NR power is required to exceed the value

PCMAX_L,NR_DPS – T1(PCMAX_L,NR_DPS) .
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Appendix:	Proposals for Verification of Power Sharing Using PLTE 

In [5,9], proposals have been made for the verification of dynamic power sharing by manipulating PLTE.  These proposals recognize that dynamic power sharing cannot be verified when the UE is transmitting at maximum power, and thus reduce PLTE in order to reduce Pmcg, since Pmcg cannot be greater than PLTE.  

However, reducing PLTE also reduces Pcmax, E_UTRA and thus affects the a and b conditions which govern when the UE must transmit. By reducing PLTE, the deployment scenario is changed from on in which the UE can always drop the NR carrier into one in which it must transmit some power on the NR carrier, but still without dynamic power sharing. Unless the operator intends to deploy with this reduced value of PLTE, the UE will never be required to transmit on the NR carrier.

Below is a comparison of two cases for DC_(n)71AA.  In the first case, Pmcg is reduced in 1 dB steps while PLTE is held constant.  It can be observed that the UE is never required to transmit on the NR carrier.

In the second example, PLTE and Pmcg are both reduced in 1 dB steps.  Eventually, the deployment scenario is changed to one in which the UE is required to transmit on the NR carrier.  However, this is not in any way verification of dynamic power sharing.
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Example

intra-band EN-DC 1) P_LTE is kept constant

DC_(n)71AA 2) P_mcg is reduced in 1 dB steps

P_LTE = P_NR = P_EN-DC  = 23 dBm

A-MPR for E-UTRA = 0 dB Conditions a and b stay TRUE and the UE is never required to transmit

A-MPR for NR  = 7 dB on the NR carrier

A-MPR_tot = 7 dB

NR  NR

lower  lower

P_EN-DC P_LTE P_NR Pcmax_ Pcmax_ a value b value P_EN-DC a b bound bound

E-UTRA Pmcg NR _tot, L RAN4 RAN1

23 23 23 23 23 16 23.79 23.21238 16 TRUE TRUE 0 0

23 23 23 23 22 16 23.79 23.21238 16 TRUE TRUE 0 0

23 23 23 23 21 16 23.79 23.21238 16 TRUE TRUE 0 0

23 23 23 23 20 16 23.79 23.21238 16 TRUE TRUE 0 0

23 23 23 23 19 16 23.79 23.21238 16 TRUE TRUE 0 0

23 23 23 23 18 16 23.79 23.21238 16 TRUE TRUE 0 0

23 23 23 23 17 16 23.79 23.21238 16 TRUE TRUE 0 0

23 23 23 23 16 16 23.79 23.21238 16 TRUE TRUE 0 0

23 23 23 23 15 16 23.79 23.21238 16 TRUE TRUE 0 9.13

23 23 23 23 14 16 23.79 23.21238 16 TRUE TRUE 0 11.67

23 23 23 23 13 16 23.79 23.21238 16 TRUE TRUE 0 12.98

23 23 23 23 12 16 23.79 23.21238 16 TRUE TRUE 0 13.80

23 23 23 23 11 16 23.79 23.21238 16 TRUE TRUE 0 14.35

23 23 23 23 10 16 23.79 23.21238 16 TRUE TRUE 0 14.74

23 23 23 23 9 16 23.79 23.21238 16 TRUE TRUE 0 15.03

23 23 23 23 8 16 23.79 23.21238 16 TRUE TRUE 0 15.25

23 23 23 23 7 16 23.79 23.21238 16 TRUE TRUE 0 15.42

23 23 23 23 6 16 23.79 23.21238 16 TRUE TRUE 0 15.54

23 23 23 23 5 16 23.79 23.21238 16 TRUE TRUE 0 15.64

23 23 23 23 4 16 23.79 23.21238 16 TRUE TRUE 0 15.72

23 23 23 23 3 16 23.79 23.21238 16 TRUE TRUE 0 15.78

23 23 23 23 2 16 23.79 23.21238 16 TRUE TRUE 0 15.82

23 23 23 23 1 16 23.79 23.21238 16 TRUE TRUE 0 15.86

23 23 23 23 0 16 23.79 23.21238 16 TRUE TRUE 0 15.89
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Now consider the proposal for using Plte to control Pmcg.

Example

intra-band EN-DC 1) P_LTE is reduced in 1 dB increments

DC_(n)71AA 2) Pcmax_LTE <= P_LTE and is also reduced in 1 dB increments

P_LTE = P_NR = P_EN-DC  = 23 dBm

A-MPR for E-UTRA = 0 dB Eventually, b becomes TRUE and the UE is forced to transmit on the NR carrier

A-MPR for NR  = 7 dB However, this is has nothing to do with dynamic power sharing and corresponds

A-MPR_tot = 7 dB to a change to a deployment scenario where the UE is requird to transmit

NR  NR

lower  lower

P_EN-DC P_LTE P_NR Pcmax_ Pcmax_ a value b value P_EN-DC a b bound bound

E-UTRA Pmcg NR _tot, L RAN4 RAN1

23 23 23 23 23 16 23.79 23.21238 16 TRUE TRUE 0 0

23 22 23 22 22 16 22.97 22.26572 16 TRUE TRUE 0 0

23 21 23 21 21 16 22.19 21.33196 16 TRUE TRUE 0 0

23 20 23 20 20 16 21.46 20.41393 16 TRUE TRUE 0 0

23 19 23 19 19 16 20.76 19.51497 16 TRUE TRUE 0 0

23 18 23 18 18 16 20.12 18.63892 16 TRUE TRUE 0 0

23 17 23 17 17 16 19.54 17.7901 16 TRUE TRUE 0 0

23 16 23 16 16 16 19.01 16.97323 16 TRUE TRUE 0 0

23 15 23 15 15 16 18.54 16.19331 16 TRUE TRUE 0 9.13

23 14 23 14 14 16 18.12 15.4554 16 TRUE FALSE 10 11.67

23 13 23 13 13 16 17.76 14.76435 16 TRUE FALSE 10 12.98

23 12 23 12 12 16 17.46 14.12443 16 TRUE FALSE 10 13.80

23 11 23 11 11 16 17.19 13.53902 16 TRUE FALSE 10 14.35

23 10 23 10 10 16 16.97 13.0103 16 TRUE FALSE 10 14.74

23 9 23 9 9 16 16.79 12.53902 16 TRUE FALSE 10 15.03

23 8 23 8 8 16 16.64 12.12443 16 TRUE FALSE 10 15.25

23 7 23 7 7 16 16.51 11.76435 16 TRUE FALSE 10 15.42

23 6 23 6 6 16 16.41 11.4554 16 TRUE FALSE 10 15.54

23 5 23 5 5 16 16.33 11.19331 16 TRUE FALSE 10 15.64

23 4 23 4 4 16 16.27 10.97323 16 TRUE FALSE 10 15.72

23 3 23 3 3 16 16.21 10.7901 16 TRUE FALSE 10 15.78

23 2 23 2 2 16 16.17 10.63892 16 TRUE FALSE 10 15.82

23 1 23 1 1 16 16.14 10.51497 16 TRUE FALSE 10 15.86

23 0 23 0 0 16 16.11 10.41393 16 TRUE FALSE 10 15.89
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