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Introduction
Inter-band UL CA is part of Rel-17 WID. In last RAN4 meeting, some fundamental aspects of inter-band UL CA RF requirements were discussed. Such fundamental questions were captured in the WF [1] and companies are encouraged to study such questions to gain better understanding on how to define inter-band UL CA RF requirements.Inter-band UL CA
· For the case of simultaneous uplink in multiple bands, companies are encouraged to study
· whether per band or per UE :
· max TRP and max EIRP limit requirements
· Emissions requirements
· P-MPR and PHR
· whether EIRP or TRP :
· Power sharing between bands if applicable (configured power) 



In this contribution, we present our view on above questions. 
Discussion 
When no simultaneous UL transmission in multiple bands, the RF requirements can be as simple as single band. Either intra-band contiguous UL CA requirements or intra-band non-contiguous UL CA requirements apply.

For simultaneous UL CA transmission in multiple bands, the following RF aspects need further clarification. 

Whether per band or per UE
 Max TRP and max EIRP limit requirements
From regulatory perspective, we think max TRP and max EIRP should be per UE, not per band. Such per UE requirements also align with FR1 with power class defined per UE regardless it is UL CA or DC. 


Proposal 1: Max TRP and max EIRP should be per UE for inter-band UL CA.

While for FR2, the difference with FR1 is that power class definition. FR1 is defined in TRP (also in EIRP sense since 0dBi omni directional antenna is assumed).  In FR2, the power class is defined in EIRP except for max TRP regulatory limit. 
Emission requirements
Emission requirements including occupied bandwidth, out of band emission, ACLR and spurious emission are measured in TRP in current FR2 spec. Such limits are also specified as per UE. It is our understanding that emission requirements per UE require UE to have all UL carrier/bands active under the measurements. 

Proposal 2: Emission requirements should be per UE for inter-band UL CA.


P-MPR and PHR
This aspect should include MPR/A-MPR as well.

P-MPR is used to meet MPE requirements. The MPE is measured with the unit power density(mW/cm2). The power is over frequency spectrum, so P-MPR should be per UE.

PHR is specified and reported per CC. PHR is calculated and measured the difference between actual power and configured maximum power per CC regardless the UL transmission is CA (multiple CCs in intra-band or inter-band UL) or not. 

MPR/A-MPR may follow FR1 inter-band CA with two band UL where MPR/A-MPR requirement is per band.

Proposal 3: P-MPR should be per UE and PHR should be per CC.

Proposal 4: MPR/A-MPR should be per band.

Whether TRP or EIRP (power sharing)
Power sharing can be performed in TRP. The TRP power reduced in one band can directly boost the other band and total TRP can be maintained. This is not true in EIRP domain. EIRP is directional metric. Under the same total TRP, when different beam steering vectors (phase shifter values) apply, the total EIRP (sum of EIRP from both bands at given direction) changes. There is no constant total EIRP values.  

If we only consider beam peak direction for each band regardless of CBM or IBM architecture as in current configured power, power sharing between bands in EIRP is potentially possible under the assumption that 1) PA elements and number of PAs for each band are the same and 2) the net array gain (lump sum of all gains and losses) for each band along its beam peak direction is the same. Under such assumption, sum of EIRP at beam peak direction from each band can directly maps to total TRP. But such assumption is only valid for bands within 28GHz band group. For the bands within 39GHz band group, they have different minimum peak EIRP with any other bands including the ones in 28GHz band group. Since there is no antenna connector available to measure the TRP, TRP measurement has to be done in OTA by integrating EIRP over sphere. In this case, TRP is also affected by net array gain.

Power class definition for inter-band UL CA is not trivial by using the total EIRP. So far FR2 power class is defined based on one Tx beam to fulfil minimum peak EIRP and spherical coverage at that band.  When there are two simultaneous UL band transmission with IBM architecture, two beams are formed separately. If two beams are required to generate minimum peak EIRP simultaneously, apparently the required total TRP is doubled comparing with one beam. it is not possible to support both beams to reach their minimum peak EIRP simultaneously without doubling TRP.

With such analysis, we propose for inter-band UL CA the power class is defined in the same way as intra-band CA when only one band active at a time and both bands meet corresponding power class requirements. Such definition is agnostic to UE types, IBM and CBM.

For example, for PC3 device with inter-band UL CA support, by above definition, when one band is active and the other band de-active, the active beam (the corresponding beam in IBM architecture, or the common beam in CBM architecture) shall meet PC3 minimum peak EIRP and EIRP spherical coverage requirements.

Proposal 5: For inter-band UL CA the power class is defined in the same way as intra-band CA when only one band active at a time. Each band should meet the corresponding power class requirements for that band.

For power sharing, we suggest using minimum peak EIRP values. But we need to consider the net gain difference between two bands in UL CA.  For two bands with minimum peak EIRP x dBm for band 1 and y dBm for band 2, and x>y, if band 1 has x’ dBm and band 2 has y’ dBm actual Tx power in their corresponding beam peak directions, then the following inequality holds in principle and equality holds in full power mode.



The left-hand side of inequality is sum of EIRP power of each band. The factor  is used to virtually compensate in array gain to bring its minimum peak EIRP to the same level of band 1 so that we can two ‘exactly’ same bands. The following table shows a few cases when real scheduled powers are scheduled in band 1 and band 2.


	cases
	Band 1 actual EIRP @ beam peak direction
	Band 2 actual EIRP @ beam peak direction
	comments

	x’ = x
	x’ =x
	y’ = -infinity
	Band 1 takes full power, there is no power left for band 2

	y’ = y
	x’ = -infinity
	y’ = y
	Band 2 takes full power, there is no power left for band 1

	x’ = x-3dB
	x’ = x-3dB
	y’ = y-3dB
	Band 1 take half power, then band 2 take half power


 

Proposal 6: EIRP power sharing is feasible. For two bands with minimum peak EIRP x dBm for band 1 and y dBm for band 2, and x>y, if band 1 has x’ dBm and band 2 has y’ dBm actual Tx power in their corresponding beam peak directions, then the following inequality holds in principle and equality holds in full power mode.



Of course, when we agree to discuss further under this principle, we need to consider further details with other factors, like MPR, etc.

Conclusion

For simultaneous inter-band UL CA in multiple bands, we provide the following proposals:

Proposal 1: Max TRP and max EIRP should be per UE for inter-band UL CA.

Proposal 2: Emission requirements should be per UE for inter-band UL CA.

Proposal 3: P-MPR should be per UE and PHR should be per CC.

Proposal 4: MPR/A-MPR should be per band.

Proposal 5: For inter-band UL CA the power class is defined in the same way as intra-band CA when only one band active at a time. Each band should meet the corresponding power class requirements for that band.

Proposal 6: EIRP power sharing is feasible. For two bands with minimum peak EIRP x dBm for band 1 and y dBm for band 2, and x>y, if band 1 has x’ dBm and band 2 has y’ dBm actual Tx power in their corresponding beam peak directions, then the following inequality holds in principle and equality holds in full power mode.
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