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Introduction
In this contribution, the open issues on FR2 UL CA which were identified in WF [1] in RAN4#101-e are discussed, i.e., MOP/MPR framework, PA-PA interaction, and EIRP relaxations X and Y for CA_n257A_n259A based on IBM. The agreed WF [1] is presented below.
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Discussion

Benefit of UL CA feature
In the following, we discuss how much total relaxation is acceptable for the UL CA feature to provide sufficiently better system gain over single carrier uplink. Figure 1 shows the ratio of CA and single carrier throughput for given SNIR (assuming a link level performance in TR 38.803), 10, 15 and 20 dB, respectively. 
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Figure 1: CA relaxation vs normalized CA throughput compared to single carrier throughput (at CC BW = 100 MHz)

· For SNIR=10 dB, UL CA provides better throughput than a single carrier only if the relaxation is 3.3 dB or smaller.
· For SNIR=15 dB, UL CA provides better throughput than a single carrier only if the relaxation is 5.2 dB or smaller.
· For SNIR=20 dB, UL CA provides better throughput than a single carrier only if the relaxation is 7.4 dB or smaller.

One of the proposals in RAN4#101-e [3] was to consider 9 dB UL CA relaxation for the total power concept, however, such proposal will reduce the throughput even in a very high SINR condition such that the UL CA feature becomes useless.
Figure 2 is another figure showing how much UE range is reduced when UE output power is decreased. The UE range is significantly impacted by PBO as shown in Figure 2 and 6 dB PBO reduces the UE range by 50%. 
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Figure 2: UE range reduction depending on maximum EIRP reduction. 
Example with a lossless 1x4 linear array (23 dBm PA power + 11 dB antenna gain).

In the WF1 iii in [1], UE power consumption has been the main concern by the proponents of the total power concept. However, uplink power restriction in UL CA kills the benefit of the feature if single carrier performs better than UL CA. Thus, additional UL CA relaxations over single carrier, i.e., the maximum total relaxation including MPRPA-PA and X&Y should be carefully decided from the system performance point of view.
Observation 1: MPRPA-PA and X&Y should be decided to provide the system performance better than the single carrier.

A primary reason of total UE power concept in FR1 is due to SAR requirement. In FR1 case, the power sharing among bands can satisfy the same body absorption rate as the single band uplink case. For FR2, MPE requirement cannot be guaranteed by the power limitation per UE, which only reduces EIRP by 3 dB. Because of the high directivity nature of FR2 beams and sensitiveness to the proximity of human body to the antenna panels, much higher power reduction is generally needed for fulfilling MPE requirement. Furthermore, there are various implementation aspects in antenna panels. It is possible in CA scenarios that each band transmit towards a different direction in case of non-collocated network deployment based on IBM (independent beam management). In such case, MPE condition can only be applied to one band but another band can enjoy maximum transmit power. Therefore, the power sharing to meet MPE requirement cannot be used; total power concept should not be used for the regulatory compliance.
Another possible merit of the total power concept is the thermal issues as previously discussed. We already have mechanisms such as P-MPR and duty cycle restrictions to mitigate the thermal as well as MPE issue.
As the total power concept would lead to up to 9 dB relaxation, according to the proposal [3]. This is not acceptable from performance point of view.
Proposal 1: Total power concept shall not be considered for FR2 UL CA.


MOP/MPR framework
It has been agreed that PA-PA interaction is taken into account for FR2 UL CA in the form of MPRPA-PA. Two options for CA MOP/MPR framework were discussed in RAN4#101e in the following [4].
· Option 1
· CA MOP = single carrier MOP – X&Y
· CA MPR = max { MPRPA-PA, MPRwaveform&modulation&BW&etc }
· Option 2
· CA MOP = single carrier MOP
· [bookmark: _Hlk91239694]CA MPR = max { X&Y, MPRPA-PA, MPRwaveform&modulation&BW&etc }

Option 1 leads to double counting of the relaxations as discussed in [2]. MPRPA-PA is applied to reduce IM products to suppress the unwanted emissions. Therefore, Option 2 is a technically correct formula when MPRPA-PA and X&Y are not dynamic numbers (i.e., variables depending on activation, waveform, modulation and BW).
Proposal 2: For the relaxation framework, Option 2 shall be selected, i.e., CA MOP = single carrier MOP and CA MPR = max {X&Y, MPRPA-PA, MPRwaveform&modulation&BW&etc }

As illustrated in Figure 1, to have UL CA gain at SINR=10 dB, the relaxation shall be at most 3.3 dB regardless of band and band combination. We propose that the UL CA gain is achieved above this SINR range, thus around 3 dB total relaxation should be the performance target of FR2 UL CA feature.
Proposal 3: X&Y and MPRPA-PA shall be around 3 dB regardless of band and band combination. 

MBR framework
For MBR handling, two options below were discussed in RAN4#101-e.
· Option 1 
-	MBR is part of X&Y
· Option 2
-	MBR is part of single carrier MOP

Option 1 was used for DL CA relaxation, i.e., X&Y is the total relaxation including MBR. This was for simplifying the relaxation framework not to split the relaxation budget among multiple elements. 
However, if the CA MOP framework is based on the single carrier MOP (i.e., Option 2 in the previous paragraph), MBR needs to be included as a part of single carrier MOP; otherwise there is no relaxation in CA MOP. 
Proposal 4: MBR handling shall be based on Option 2 (MBR is part of single carrier MOP for MOP/MPR framework Option 2 (CA MOP = single carrier MOP).

Conclusion
In this contribution, the framework of FR2 inter-band UL CA among different frequency group with IBM has been discussed.
Observation 1: MPRPA-PA and X&Y should be decided to provide the system performance better than the single carrier.
Proposal 1: Total power concept shall not be considered for FR2 UL CA.
Proposal 2: For the relaxation framework, Option 2 shall be selected, i.e., CA MOP = single carrier MOP and CA MPR = max {X&Y, MPRPA-PA, MPRwaveform&modulation&BW&etc }
Proposal 3: X&Y and MPRPA-PA shall be around 3 dB regardless of band and band combination. 
Proposal 4: MBR handling shall be based on Option 2 (MBR is part of single carrier MOP for MOP/MPR framework Option 2 (CA MOP = single carrier MOP).
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WF2 — PA-PA interaction for MPR
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WF3 - X and Y for MOP or MPR of CA_n257A_n259A
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