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1. Introduction

For V2X Communication, when there is an overlapping between LTE uplink transmission and LTE-V2X sidelink transmission, the pCmax is defined as follows:
When a UE is configured for simultaneous E-UTRA V2X sidelink and E-UTRA uplink transmissions for inter-band E-UTRA V2X / E-UTRA bands specified in Table 5.5G-2, the UE is allowed to set its configured maximum output power PCMAX,c,E-UTRA and PCMAX,c,V2X for the configured E-UTRA uplink carrier and the configured E-UTRA V2X carrier, respectively, and its total configured maximum output power PCMAX,c. The TIB,c of PCMAX,c,E-UTRA is specified in Table 6.2.5G-1.

The configured maximum output power PCMAX c,E-UTRA(p) in subframe p for the configured E-UTRA uplink carrier shall be set within the bounds:

PCMAX_L,c,E-UTRA (p) ≤  PCMAX,c,E-UTRA (p) ≤  PCMAX_H,c,E-UTRA (p)

where PCMAX_L,c,E-UTRA and PCMAX_H,c,E-UTRA are the limits for a serving cell c as specified in subclause 6.2.5.

The configured maximum output power PCMAX c,V2X (q) in subframe q for the configured E-UTRA V2X carrier shall be set within the bounds:

PCMAX,c,V2X (q) ≤  PCMAX_H,c,V2X (q)

where PCMAX_H,c,V2X is the limit as specified in subclause 6.2.5G.

The total UE configured maximum output power PCMAX (p,q) in a subframe p of an E-UTRA uplink carrier and a subframe q of an E-UTRA V2X sidelink that overlap in time shall be set within the following bounds for synchronous and asynchronous operation unless stated otherwise:

PCMAX_L (p,q) ≤  PCMAX (p,q)  ≤  PCMAX_H (p,q)

with
PCMAX_L (p,q) =  PCMAX_L,c,E-UTRA (p)
PCMAX_H (p,q) = MIN {10 log10 [pCMAX_H,c,E-UTRA (p) + pCMAX_H,c,V2X (q)], PPowerClass}

where pCMAX_H,c,V2X and pCMAX_H,c,E-UTRA are the limits PCMAX_H,c,V2X (q) and PCMAX_H,c,E-UTRA (p) expressed in linear scale.
The requirement is a direct leverage of the pCmax requirement for dual connectivity do not take the specific characteristic of V2X communication use case fully into account. As a result, there are some drawback in terms of Quality of Service assurance.
2. Discussion
2.1. Current PCmax Requirement
During V2X work item in R14, it was decided that the maximum output power per UE is adopted for V2X RF requirement. The motivation is to leverage as much as possible dual connectivity requirements without signification modification. 

Following this approach, for an UE configured for simultaneous E-UTRA V2X sidelink and E-UTRA uplink transmissions, it can set the configured transmit power independently for E-UTRA V2X sidelink transmission and E-UTRA uplink transmission. However, in the case of overlapping (partial or non partial), there is a hard limit on the total output power for both transmissions, which is
MIN {10 log10 [pCMAX_H,c,E-UTRA (p) + pCMAX_H,c,V2X (q)], PPowerClass}.

In this case, the UE will base on the V2X packet priority to either allocate power to V2X sidelink transmission first and use the rest of the power for E-UTRA uplink transmission; or allocate power to E-UTRA uplink transmission first and use the rest of the power for V2X sidelink transmission.

I worth noticing here that this hard limit follow exactly similar requirements for the cases when there are multiple overlapping transmissions in multiple bands (interband CA, dual connectivity, interband ProSe + E-UTRA, etc…), where the sum output power of all transmissions in different bands are capped by PPowerClass, where power class is class 3 and the cap is 23dBm. The reason for this cap is to ensure that SAR limitation is always satisfied.
For V2X, the most common type of UE is mounted on a vehicle, SAR limit does not apply by default. So, in principle the total output power can go beyond 23dBm given that there is no limitation from regulator. There can also be other type of UE that may need to comply with SAR limitation (e.g. handheld device that is capable of V2X communication as a Pedestrian). For this type of UE, the duty cycle is typically very low (0.1%) for power saving purpose. Yet, the SAR is a long-term requirement that is averaged over 6 minutes. So, the UE can still meet the SAR limitation even if its total output power exceed 23dBm at the location where it transmit LTE V2X packets. 
Having established this, we can now see that having the PPowerClass in the pCmax equation is unnecessary for V2X communication in most of the cases (with the exception here being when there is regulatory limitation, or when v2X traffic is too frequent too amortize the exceed output power over time). It also has a quite negative impact in terms of quality of service assurance, for both V2X communication and normal E-UTRA uplink communication. When V2X packet priority is high, the UE has to allocated power first for V2X sidelink transmission. As a result, there will be a range reduction for E-UTRA uplink transmission, or in the worst case, an interruption. However, this effect is not quite severe since most of the V2X packet does not have high priority, and even so, the V2X duty cycle is also low. On the other hand, when V2X packet priority is not high, UE has to allocate power to E-UTRA uplink first, which result in range reduction, or outage for V2X sidelink communication. For example, during a period when the UE is scheduled with continuous downlink traffic (e.g. large file download, software update etc.) which can be up to a few minutes, the UE has to continuously send ACK/NACK to the base station. During this time, there will be no V2X sidelink transmissions and other vehicles will not be aware of this vehicle during that period. This can be quite dangerous for road safety.
Another issue with current PCmax equation is that the PCmax of E-UTRA uplink is specified as

PCMAX_L,c,E-UTRA (p) ≤  PCMAX,c,E-UTRA (p) ≤  PCMAX_H,c,E-UTRA (p)

In the case that V2X packet priority is high, the transmit power of E-UTRA uplink can be smaller than the lower limit PCMAX_L,c,E-UTRA (p). So this is a direct contradiction to the priority based power allocation rule.
2.2. Proposed Change
The first change is to remove the lower bound on the pCmax of the E-UTRA uplink transmission:

The configured maximum output power PCMAX c,E-UTRA(p) in subframe p for the configured E-UTRA uplink carrier shall be set within the bounds:

PCMAX,c,E-UTRA (p) ≤  PCMAX_H,c,E-UTRA (p)

PCMAX_H,c,E-UTRA is the limits for a serving cell c as specified in subclause 6.2.5.
for the case V2X sidelink transmission does not have high priority. For the case V2X sidelink transmission has high priority, new configured transmit power bound should be specified as follows.
The configured maximum output power PCMAX c,E-UTRA(p) in subframe p for the configured E-UTRA uplink carrier shall be set within the bounds:

PCMAX,c,E-UTRA (p) ≤  PCMAX_H,c,E-UTRA (p)

where PCMAX_H,c,E-UTRA is the limits for a serving cell c as specified in subclause 6.2.5.

The configured maximum output power PCMAX c,V2X (q) in subframe q for the configured E-UTRA V2X carrier shall be set within the bounds:

PCMAX_L,c,V2X (q) ≤  PCMAX,c,V2X (q) ≤  PCMAX_H,c,V2X (q)

where PCMAX_L,c,V2X , PCMAX_H,c,V2X are the limit as specified in subclause 6.2.5G
According, we should modify the lower limit on the total output power.
The total UE configured maximum output power PCMAX (p,q) in a subframe p of an E-UTRA uplink carrier and a subframe q of an E-UTRA V2X sidelink that overlap in time shall be set within the following bounds for synchronous and asynchronous operation unless stated otherwise:

PCMAX_L (p,q) ≤  PCMAX (p,q)  ≤  PCMAX_H (p,q)

with
PCMAX_L (p,q) =  MIN{PCMAX_L,c,E-UTRA (p), PCMAX_L,c,V2X (q)}
Where PCMAX_L,c,E-UTRA (p) is the limit for a serving cell c as specified in subclause 6.2.5, PCMAX_L,c,V2X is the limit as specified in subclause 6.2.5G.
For the upper limit, with the discussion about SAR limit and Quality of Service in the previous section in mind, we propose the following change.
PCMAX_H (p,q) = 10 log10 [pCMAX_H,c,E-UTRA (p) + pCMAX_H,c,V2X (q)]
where pCMAX_H,c,V2X and pCMAX_H,c,E-UTRA are the limits PCMAX_H,c,V2X (q) and PCMAX_H,c,E-UTRA (p) expressed in linear scale.
According to this formula, the UE can use the maximum allowed transmit power for each individual transmission. Also, as PCMAX_H (p,q) is only an upper bound, in the case that the actual transmit power is limited to 23dBm by regulatory standard (as currently in some regions, or when the traffic pattern is too frequent to amortize the exceed output power over time), the UE can still configure its transmission power within the lower bound and the upper bound to satisfy such requirement.
3. Conclusions

In this paper, we analyze the current requirement for configured transmit power for V2X in the case of concurrent interband E-UTRA V2X sidelink transmission and E-UTRA uplink transmission. We observe that 

1. The current requirement does not handle the case where V2X packet priority is high and power is allocated first to sidelink.
2. The current requirement unnecessarily put a cap of 23dBm on the total output power of V2X sidelink transmission and E-UTRA sidelink transmission when they overlap. This cap will typically lead to V2X service outage when there is continuous E-UTRA uplink traffic.
The propose changes to address these issues are captured in our companion CR.
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