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1. Introduction
In the last meeting, we discussed about how to define the requirements for FR2 inter-band UL CA and several candidate options were proposed in [1] as shown below:

· Max EIRP
· Option 1: Specify max EIRP as per band
· PC1: max EIRP of each band set to 55 dBm 
· PC3/4: max EIRP of each band set to 43 dBm
· Option 2: Specify max EIRP as per UE
· FFS on how “per UE” concept work, and the exact corresponding requirements
· Max TRP (subject to revisit pending the final agreement on Max EIRP)
· PC1: Specify max TRP as per band, with max TRP of each band set to 35 dBm
· PC3/4: Specify max TRP as per band, with max TRP of each band set to 23 dBm

In this contribution, we try to discuss how to define the “per UE” concept of EIRP in the scenario where multi-CCs are radiated at same time and the relationship between the new definition, max EIRP and max TRP.
2. Discussion
2.1 “Per UE” concept of EIRP
In the previous meeting, many contributions had expressed the views on apply “per UE” or “per band” to the max EIRP but hard to reach a consensus. We searched for the regulatory reports and found some reasons for the max EIRP limit to 43 dBm, as shown below [2]:

Background. For mobile transmitters in the 28, 39, and 37 GHz bands, the NPRM tentatively proposed to adopt the same maximum peak EIRP limit of 43 dBm (20 watts) that is permitted in the 57-64 GHz band under the current Part 15 rules.728 The NPRM proposed this maximum power limit for mobile transmitters while recognizing that handheld and other portable user equipment operating in close proximity to users will likely have to operate at lower power in order to comply with the Commission’s rules that limit exposure to radiofrequency radiation.729 The NPRM envisioned that the combined effect of those rules, with a maximum peak EIRP limit of 43 dBm, would ensure compliance with the exposure limits while allowing industry flexibility to develop higher-powered transmitters for situations where an appropriate separation distance is maintained.

Obviously, this limitation is mainly due to the exposure, which is related to the power density in the free space and has nothing to do with the frequency. From this perspective, the max EIRP should be defined as “per UE”.

Observation 1: The max EIRP limitation of 43 dBm is mainly due to the consideration of exposure, which is related to the power density in the free space.

Proposal 1: The max EIRP for FR2 UL CA should be defined as “per UE”.

The next question is how the concept of “per UE” works. In our understanding, the core problem that makes the discussion difficult to reach a consensus is derived from the definition of EIRP itself. As we all know, the EIRP can be describe as below, which is from FCC [3]:

Equivalent Isotropically Radiated Power (EIRP): The product of the power supplied to the antenna and the antenna gain in a given direction relative to an isotropic antenna.

According to the description, it is obvious that EIRP is a parameter that characterizes the power in a specific direction, but in FR2, the radiation of the antenna has strong directivity due to beamforming. As for the inter-band UL CA, there are at least two CCs radiate simultaneously that may point to different directions, which makes it unclear to describe the radiated power in this scenario with the original EIRP definition.

Observation 2: The EIRP is conceptually linked to a certain direction which is unclear for the multi-CC/multi-Beam simultaneous radiation scenario.

Therefore, we further explain the concept of EIRP in this scenario as follows, in order to describe the “per UE” concept more clearly:
For UE radiated the multi-CC simultaneously, the EIRP in a certain direction (θ, φ) can be interpreted as the sum of the EIRP of all CCs in that direction. This explanation is depicted in Figure1.
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Figure1 “Per UE” concept of EIRP
As Figure1 shows, two CC were radiated by two different beams that point in different directions. The “per UE” EIRP of UE at (θ1, φ1) can be calculated as the EIRP of beam1 plus the EIRP of beam2 at (θ1, φ1). To avoid confusion, here we can call the sum of the EIRP as c-EIRP (combined EIRP). In fact, this concept still uses the basic description of the original EIRP, but it is only clarified in the multi-CCs scenario.

Proposal 2: The “per UE” EIRP in multi-CC/Beam scenario can be clarified as the sum of the EIRP of all respective CCs/Beams in a certain direction, which can be express as:


2.2 “per UE” EIRP and max EIRP
Based on the concepts clarified for per UE above, the max EIRP of UL CA can be described as:

max EIRP = max (c-EIRP (θ1, φ1), c-EIRP (θ1, φ2), …, c-EIRP (θn, φn)) ≤ 43dBm

[bookmark: OLE_LINK1]In other words, we only need to ensure that the sum of the EIRP of all CCs in any direction is not greater than the limitation (e.g., 43dBm). This extension/clarification is more reasonable than directly adding the power in different directions, and it is more in line with the restriction of regulatory requirements.
This concept also has good applicability to different scenarios. For example, for 2CCs with the EIRP of each CC is identical to the upper limit, if the CCs are radiated by the same beam (i.e., Figure2(a)), then the C-EIRP would exceed the upper limit and the power backoff is needed because the direction of CCs is coincident; if the CCs are radiated by the different beam that point in the opposite direction (i.e., Figure2(b)), the per-UE EIRP would be the same to each CC in its respective angles and no power backoff is needed.
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(a) same beam direction           (b) opposite beam direction
Figure2 “Per UE” EIRP under different condition

In addition, this concept can also be applied to the power description of MPE in multi-CC scenarios, since this EIRP would reflect the actual emission condition in certain direction.

Proposal 3: The max EIRP can be described as the largest “per UE” EIRP among all the directions, as follows: 
max EIRP = max (c-EIRP (θ1, φ1), c-EIRP (θ1, φ2), …, c-EIRP (θn, φn)) ≤ 43dBm
2.3 max EIRP and max TRP
In the last meeting, some companies believe that the ties between EIRP and TRP need to be considered, which means the max EIRP and max TRP should be the same (per UE or per band). 
However, we do not think the previous argument is appropriate. In fact, we determined that max TRP and max EIRP are based on different considerations. The max TRP is mainly derived from limit the co-channel interference as we discussed before, so it’s more reasonable to be applied per band for this requirement, while EIRP is bound to a certain direction, and depicts what would be perceived by the receiver in this direction. There are more differences between them apart from the directivity. We do not deny the relationship between the two, but we believe that max EIRP and max TRP can still be considered independently based on the above concepts, and there will be no conflict.

Proposal 4: The max TRP for FR2 UL CA should be per band, and there is no conflict with max EIRP. 
3. Conclusion
In this contribution, we discuss the concept of per UE for EIRP and how it works, and the relationship between max EIRP and TRP.
Observation 1: The max EIRP limitation of 43 dBm is mainly due to the consideration of exposure, which is related to the power density in the free space.
Proposal1: The max EIRP for FR2 UL CA should be defined as “per UE”.
Observation 2: The EIRP is conceptually linked to a certain direction which is unclear for the multi-CC/multi-Beam simultaneous radiation scenario.

Proposal 2: The “per UE” EIRP in multi-CC/Beam scenario can be clarified as the sum of the EIRP of all respective CCs/Beams in a certain direction, which can be express as:


Proposal 3: The max EIRP can be described as the largest “per UE” EIRP among all the directions, as follows: 
max EIRP = max (c-EIRP (θ1, φ1), c-EIRP (θ1, φ2), …, c-EIRP (θn, φn)) ≤ 43dBm

Proposal 4: The max TRP for FR2 UL CA should be per band, and there is no conflict with max EIRP. 
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