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1
Background
In 3GPP RAN#98-e meeting a revised Rel-18 WID on “NR MIMO Evolution for Downlink and Uplink” has been approved [1]. For seven groups of RAN1 objectives only a single objective has been specified for RAN4:
RAN4:

Specify necessary core requirements for the enhancements listed above.
The only topic concerned by RAN4 UE RF is related to the definition of RF requirements for simultaneous transmission in multiple directions (STxMP). In RAN4#107 [2], it was agreed that it is sufficient to consider ‘per-panel’ (per indicated joint/UL TCI state) configured transmitted power for WI completion.
In RAN4#109, a CR has been agreed [3] which introduces the configured transmitted power for STxMP to TS38.101-2 specifications. However, certain parameters involved in the configured transmitted power definition have not yet been fully agreed.
2
Discussion
2.1
On MPR requirement in the configured transmitted power inequations
According to the latest agreements in RAN4#109 captured by the “feature CR” [3], PUMAXf,c,k (needed for the definition of PCMAXf,c,k) is specified as follows:
PPowerclass + ΔPIBE – MAX(MAX(MPRf,c,k, A- MPRf,c,k,) + ΔMPRSTxMP + ΔMBP,n, P-MPRf,c,k) – MAX{T(MAX(MPRf,c,k, A- MPRf,c,k,) + ΔMPRSTxMP), T(P-MPRf,c,k)} – ΔTSTxMP  ≤ PUMAX,f,c,k ≤ EIRPmax
where “ΔMPRSTxMP is [3.0] dB if two TCI states are indicated for simultaneous transmission to multiple directions, 0.0 dB otherwise. ΔTSTxMP is specified in sub-clause 6.2K.1.”
Hence, ΔMPRSTxMP and ΔTSTxMP relaxation are open to further discussion and are yet to be agreed on. 
To discuss ΔMPRSTxMP value, it is important to first remind the purpose of MPR/A-MPR in the PUMAXf,c,k inequality. MPR/A-MPR is the allowed power reduction that can be applied by the UE to reduce its power due to modulation orders, transmit bandwidth configurations, waveform types and narrow allocations [4] to meet the unwanted emission requirements, transmit signal quality etc. 
As stated in TS38.101-2 [4], “all out of band emissions for frequency range 2 are TRP.” That means that e.g. the unwanted emissions are measured (and integrated) over the whole sphere around the UE, and they do not primarily depend on whether the beams from different panels are overlapping or not. In our understanding, different proposals to previous meetings on MPRf,c,k/A-MPRf,c,k were motivated by the case of overlapping beams and the compliance to regulatory in-band requirements, which is not in line with their original purpose. 
By applying MPR/A-MPR, the UE reduces its in-band power to reduce its out-of-band power, but the relation between the two is not necessarily linear (a “dB for dB”) and one cannot easily conclude that the fixed allowed 3dB increase of MPR is indispensable for both panels. Probably it is sufficient that the UE reduces its power by something less than 3dB (per panel) to achieve a 3dB reduction in the unwanted emission domain.
On the other hand, adding a second panel (equipped with separate PAs) has the effect of increasing the total radiated unwanted emission; for the same resource allocation on the two panels, the unwanted emission is expected to double (by 3dB), roughly speaking, recognising that there is also potential mutual coupling between the panels. Thus, the MPR per TCI state may have to be increased due to the increased unwanted emissions levels (TRP) with simultaneous transmission in multiple directions, but this does not mean that it must be increased by a full 3dB.
Additionally, the current MPR requirements are “dimensioned” for the case of a UE barely meeting the min peak EIRP requirements, but still, most of UEs in the field are able to meet the unwanted emission requirements even with power higher than the min peak EIRP. Thus, we can say that the current MPR requirements have a certain margin and that it is not critical to increase them by such an excessive amount.
We also need to keep in mind that STxMP feature is supposed to bring performance benefit compared with a single panel/non simultaneous transmission in multiple directions. Excessive MPR could have a large impact on the UL coverage, which is still a critical issue in FR2. Looking at the individual panel, an MPR increased by 3dB would considerably reduce the UL coverage. Combined with a newly introduced (TSTxMP (discussed below), one can argue that the overall performance of a “multi-panel” UE would be even worse than that of a “single panel” UE. 
Looking at Rel-19 perspective and the majority view in RAN4 group that the current MPR values are excessive and need to be reduced for some cases, our proposal is completely in line with such reasoning, and in our view, there is no reason not to start during Rel-18 maintenance phase. 
Proposal 1: Setting the value of ΔMPRSTxMP to 3dB would seriously devalue the STxMP feature as it would have a large impact on the UL coverage. The proposed value should be set as FFS.
On the other hand, P-MPRf,c,k per TCI state ‘k’ should be used by the UE to ensure that the total PUMAX from all TCI states is limited by EIRPmax value, which is either the maximum allowed per band (in-band) or as set by regulatory requirements (protection of other services or MPE Power Flux Density). Use of P-MPR should be limited for small duty cycles for transmissions per TCI state (even if there is an overlapping between the beams) as the average of any total EIRP will be reduced. When there is no overlapping between the beams, the value of P-MPRf,c,k for TCI state ‘k’ should be the same as in the “single TCI state” case.
Regarding the additional relaxation (TSTxMP, we remind that the motivation for the proposal to add this relaxation factor to the lower bound of PUMAXf,c,k in one of the previous meeting was mostly to have a ‘placeholder’ to make sure the UE complies to the regulatory and the unwanted emission requirements. If the purpose for both MPRf,c,k/A-MPRf,c,k and P-MPRf,c,k per TCI state ‘k’ is clearly defined and all requirements could be met by the UE by applying those, an additional relaxation factor (TSTxMP is not needed unless properly justified. We recognize that STxMP feature introduces specific challenges for design/implementation, but such implementation challenges are already “covered” by the current relaxations and allowed reductions in the configured transmitted power inequations.
Proposal 2: There is no need to introduce an additional relaxation factor (TSTxMP since the purpose of both MPRf,c,k/A-MPRf,c,k and P-MPRf,c,k per TCI state ‘k’ is clearly defined and the UE can meet all the requirements by applying those.

2.2
Proposal for configured transmitted power specification changes
The text proposal for the specification changes on the definition of the configured transmitted power for STxMP should look as follows:
6.2K.4
Configured transmitted power for simultaneous transmission to multiple directions
A UE configured for simultaneous transmission to multiple directions can configure two maximum output powers. The configured UE maximum output power PCMAX,f,c,k for each of joint/UL TCI states k (k=0,1) indicated for simultaneous transmission to multiple directions of carrier f and serving cell c is defined as that available to the reference point of a given transmitter branch that corresponds to the reference point of the higher-layer filtered RSRP measurement as specified in TS 38.215 [11]. 
The configured UE maximum output power PCMAX,f,c,k shall be set such that the corresponding measured peak EIRP PUMAX,f,c,k is within the following bounds

PPowerclass + ΔPIBE – MAX(MAX(MPRf,c,k, A- MPRf,c,k,) + ΔMPRSTxMP + ΔMBP,n, P-MPRf,c,k) – MAX{T(MAX(MPRf,c,k, A- MPRf,c,k,) + ΔMPRSTxMP), T(P-MPRf,c,k)} ≤ PUMAX,f,c,k ≤ EIRPmax
and PUMAX,f,c, the corresponding measured peak EIRP for carrier f of a serving cell c, aggregated over all indicated joint/UL TCI states in a given direction, satisfies over all directions


PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by


PTMAX,f,c ≤ TRPmax
with PPowerclass the UE minimum peak EIRP as specified in sub-clause 6.2K.1, EIRPmax the applicable maximum EIRP as specified in sub-clause 6.2.1, MPRf,c,k as specified in sub-clause 6.2K.2 , A-MPRf,c,k as specified in sub-clause 6.2K.3, ΔMBP,n the peak EIRP relaxation as specified in clause 6.2.1 and TRPmax the maximum TRP for the UE power class as specified in sub-clause 6.2.1. ΔPIBE is 1.0 dB if UE declares support for mpr-PowerBoost-FR2-r16, UL transmission is QPSK, MPRf,c = 0 and when NS_200 applies and the network configures the UE to operate with mpr-PowerBoost-FR2-r16 otherwiseΔPIBE is 0.0 dB. ΔMPRSTxMP is [FFS] dB if two TCI states are indicated for simultaneous transmission to multiple directions, 0.0 dB otherwise. The requirement is verified in beam peak direction. 

P-MPRf,c,k is the power management maximum output power reduction P-MPRf,c for each of indicated joint/UL TCI states. P-MPRf,c is defined in clause 6.2.4.
The tolerance T(ΔP) for applicable values of ΔP (values in dB) is specified in Tables 6.2.4-1 and 6.2.4-2.
3
Conclusion

In this contribution, we have shared our view on the MPR/A-MPR per TCI state requirement definition issue and have made the following proposals:
Proposal 1: Setting the value of ΔMPRSTxMP to 3dB would seriously devalue the STxMP feature as it would have a large impact on the UL coverage. The proposed value should be set as FFS.
Proposal 2: There is no need to introduce an additional relaxation factor (TSTxMP since the purpose of both MPRf,c,k/A-MPRf,c,k and P-MPRf,c,k per TCI state ‘k’ is clearly defined and the UE can meet all the requirements by applying those.
In addition, we have made a proposal on the required modifications in “Configured transmitted power for simultaneous transmission to multiple directions” clause to capture the proposed changes.
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