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1 Introduction
PA calibration gap on FR2 was discussed for several meetings in RAN4, the motivation of PCG proposed in [2] is to enable UE to implement real time DPD without dedicated feedback receiver chain. The introduction of real time DPD adoption in the UE is to achieve 3GPP requirement with higher operating points in the non-linear region of the PA.
In fact, from UE implementation perspective, real time DPD can be implemented with no PA calibration gap and also have the performance gain in the non-linear region of the PA. 
From NW perspective, PA calibration gap will lead to much schedule complexity, and give impact on system performance. In this paper, we provide UE implementation solution without PCG and analysis on the NW side.
2 Discussion

2.1 Background
In previous RAN4 meeting, PA calibration gap were discussed in UE feature list and RF part respectively. Although PCG was agreed to be contained in the UE feature list in case the freeze timeline of ASN.1, RAN4 still needs to revisit the necessity to introduce an implementation dependent technology into specification, which leads to much implementation uncertainty to NW performance.
	Agreement copied from Chairman notes in UE feature discussion:
RAN4 will further discuss the UE capability in the future. We can revisit the need of calibration gap once RAN4 reach consensus. 
WF on PA calibration gap
UE PA Calibration Gap (PCG) requirements

· UE is allowed to have PCG length = 14 symbols for PA Calibration

· UE is assumed to have digital predistortion for meeting UE Tx requirements

Assumed NW behavior if UE signals that it requires PCG for meeting the UE Tx requirements

· left fully to gNB scheduler implementation how to provide UE necessary gaps. For meeting the UE Tx requirements UE can assume single-layer UL allocation PA calibration gap and PA calibration gap with no transmission are scheduled. 

· RAN4 to study the definition of gap configuration fall-backs, including behavior of UE and NW when gaps are not provided 
· RAN4 to study how to introduce UE PCG requirements into its specifications


The WF on PCG approved in [6] actually gives ambiguous description on DPD technology, which also obscures the concept of PA calibration gap. In fact, whether UE adopts DPD is implementation dependent, which can be static DPD or real time DPD, and neither of them needs to have PCG to realize it.
2.2 Real time DPD does not equal to PCG
PA calibration gap is just one kind of optimization method to real time DPD, and it also can be implemented with standard DPD architecture. Since full digital beam forming provides a high flexibility in shaping beams at cost of increasing complexity, analogue BF is more suitable for the UE on FR2 which has fewer RF chain than antenna elements [7]. Considering of analogue BF, the PAs can have a shared DPD compensation parameter, or with additional transfer function for every PA connected to each antenna element. The PAs also can have separate DPD compensation parameter with different architecture which depends on the compromise on performance and cost. The standard real time DPD for mmw with shared compensation parameter for each PA can be shown in Fig 1. Only 1 feedback receiving chain is adopted for calibration with no gap, the 4 PAs can be calibrated in parallel with shared parameter or in serial to achieve a higher DPD accuracy.
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Fig 1. Dedicated receiving chain for real time DPD on FR2
In [3][4], PCG is proposed to avoid using the dedicated receiving chains aiming to save the chipset size or complexity. From implementation perspective, we need to point out that the receiving chain can be reused without PCG, this is because the receiver and transmitter on the other RF chain is actually separated physically. The receive part of the other RF chain can be used by mature method, and there is no need to have the gap on the transmission. However, there are more implementation methods for real time DPD with no PCG than we mentioned here, UE implementation should not give extra limitation on the 3GPP specification. 
PA calibration gap is proposed in [3][4] with 4 types, fixed period with type0 and type1, event triggered with type2 and type3. As analysed in [8], event triggered gaps may not work well, and have no benefit. We provide use scenario analysis for type0 and type1 as below.
For Type0 and Type1 PCG as below [4], we provide analysis both on use scenario and impact on user performance.
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Fig 2 fixed periodicity PCG types proposed in [4]
For Type0 PCG, UE needs to have DPD on the slot which NW allocates UL resources, it highly likely occurs only in full buffer service model which is not useful for the typical communication scenario. Actually there is always idle UL resource from UE perspective, which is enough to be utilized by UE to have real time DPD to compensate the distortion. 
For Type1 PCG, NW allocates no UL or DL resources to the UE during the gap, it means UE chooses the idle UL resource to have DPD to compensate the distortion without NW scheduling. It is a pure implementation operation, and UE does not need to notify it to BS in such case.
Observation 1: From UE implementation perspective, real time DPD does not equal to PA calibration gap, it can be realized with no gap.
Observation 2: There is no practical communication scenario for Type0 PCG. Type1 PCG is a UE implementation method, there is no need to notify BS of PCG UE capability.
2.3 Impact of PCG on NW performance and scheduling complexity
If UE reports the capability on PA calibration gap to NW with Type0 PCG as mandatory configuration [4], it means NW scheduler needs to schedule the UL resource with some side conditions, which is considered in [1][5]:
For the gap length, UE needs to transmit certain Tx calibration signal with some transmission parameter constraints, such as:
· Signal BW: it may have constraints on signal BW for real time DPD
· Power level: the gap is applied only when UE is operating at relatively high power level 
· Modulation mode
· Schedule strategy on the physical channel, e.g. PUCCH may not be scheduled in the gap.
· Gap periodicity

All the scheduling requirements on NW will cause high complexity on BS side, it will also impact NW performance at least on the throughput.
For Type0 PCG, on the calibration gap the UE will fall back 1TX transmission instead of 2TX. The total output power of UE will be affected by the operation, it will highly possibly cause block error during the gap. The consequent procedure will also give implementation complexity on BS side.
Assuming the PCG periodicity is 0.2s as proposed in[8] as one option and the gap is 1 slot(14 symbols) , assuming UL symbols occupy 20% resource, there would be 160 slots UL resource. Assuming 10 slots of that are allocated UL resource by NW for 1 UE in one PCG periodicity, the impact on the throughput performance will reach 10%. If the UL service package is even smaller during the PCG periodicity, the impact will be worse.
Observation 3: PCG will increase the scheduling complexity on BS side with considerable impact on performance.
Proposal 1: considering of the impact on both UE and NW sides, PA calibration gap should not have specification impact as it just accommodates one possible UE implementation.
2.4 FR2 MPR

According to the analysis above, there is no need to introduce PCG in 3GPP specification as it is only one of the optimization method for real time DPD technology. But there are some discussions on FR2 MPR assuming PCG is used. The assumption of PCG is misleading as the better performance is realized due to implementation of DPD rather than introduction of PCG. The MPR requirement shall be implementation agnostic and the same principle is adopted by FR1 as well. It is worth noting that no matter DPD is static or real time one adopted by some sub-6Gz UEs, we never define MPR requirement based on whether DPD is implemented or not. Furthermore, defining MPR requirement in an implementation agnostic way does not preclude that DPD could be utilized to improve the PA efficiency as long as the corresponding RF requirements are fulfilled.  
Moreover, the FR2 MPR discussion in last meeting do not have any agreement on the target power, then MPR is just a relative value compared with the output power, which may be different for companies used in simulation and measurement. To further clarify this issue, we have another paper on FR2 MPR in detail in [9].
In addition, RAN4 spent a long time to discuss minimum peak EIRP requirement, and the specific value is still in the bracket to be determined. When the EIRP was discussed, companies never mentioned whether the peak EIRP is derived based on DPD or not. If MPR requirement is based on assumption that PCG is specified, does it mean we also need to revisit the peak EIRP requirement? That is absolutely not acceptable for us to introduce more uncertainty to make a conclusion for the EIRP requirement as soon as possible. 
Considering of above mentioned, we propose to have discussion on the target power for the FR2 MPR firstly, the FR2 MPR should specified in one table without assumption on real time DPD or not.
Proposal 2:FR2 MPR should be revisited in RAN4 since no conclusion on the target output power within companies, and the FR2 MPR should specified in one table without assumption on real time DPD.
3 Conclusion

In this contribution we discussed on the possible SCS combinations for CA, according to the analysis, we have the following observations and proposals:
Observation 1: From UE implementation perspective, real time DPD does not equal to PA calibration gap, it can be realized with no gap.
Observation 2: There is no practical communication scenario for Type0 PCG. Type1 PCG is a UE implementation method, there is no need to notify BS of PCG UE capability.
Observation 3: PCG will increase the scheduling complexity on BS side with considerable impact on performance.
Proposal 1: considering of the impact on both UE and NW sides, PA calibration gap should not have specification impact as it just accommodates one possible UE implementation.
Proposal 2:FR2 MPR should be revisited in RAN4 since no conclusion on the target output power within companies, and the FR2 MPR should specified in one table without assumption on real time DPD.
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