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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.
In RAN4#108-bis meeting the WF [2] has been approved, and in this contribution we discuss the MPR/A-MPR requirements per TCI state, which is the only sub-topic left with the open issues.
2
Discussion
2.1
Configured maximum output power definition
In RAN4#108-bis meeting, it was agreed to introduce the PUMAXf,c,k for STxMP in Rel-18 so the definition of PCMAXf,c,k can be complete [2]:
<Online agreement> 
· Introduce PUMAX,f,c,k in the core requirements with minimal impacts in Rel-18
· FFS of PUMAX,f,c  and PUMAX,f,c,k on the testability issue in future release

· FFS on the minimal impacts

The only requirements left to be discussed for the introduction of PUMAXf,c,k are MPRf,c,k/A-MPRf,c,k and (TSTxMP [2]:

<Way forward>: MPRf,c,k/A-MPRf,c,k derivation without overlapped beam indication

-
Option 1: MAX(MPRf,c, A- MPRf,c,) + X dB, where X is


-
Option 1a: 10*log (number of UL TCI-states indicated for STxMP) dB 


-
Option 1b: [3 dB] for STxMP

-
Option 2: MAX(X, MPRf,c, A- MPRf,c,), where X is


-
Option 2a: 10*log (number of UL TCI-states indicated for STxMP) dB 


-
Option 2b: [3 dB] for STxMP
<Way forward>: Additional relaxation ((TSTxMP)

-
Whether to leave additional relaxation, outside of MAX(MPR) to the lower bound, will be further discussed together with MPRf,c,k and/or for future implementation constraints
To discuss how to derive the MPR/A-MPR requirement, it is first important to clarify its purpose in the PUMAXf,c,k inequality. MPR/A-MPR can be applied by the UE to reduce its power due to modulation orders, transmit bandwidth configurations, waveform types and narrow allocations [3] to meet the unwanted emission requirements, transmit signal quality etc. 
As stated in TS38.101-2 [3], “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 depend on whether the beams from different panels are overlapping or not. In our understanding, different proposals for MPRf,c,k/A-MPRf,c,k per TCI state ‘k’ in WF [2] are motivated by the case of overlapping beams and the compliance to regulatory requirements, which is not in line with their original purpose. 
By applying MPR/A-MPR, the UE reduces its in-band power in order to reduce its out-of-band power, but the relation between the two is not linear, and it cannot be straightforwardly concluded that the fixed allowed 3dB increase of MPR is necessary for both panels. We also need to keep in mind that STxMP feature is supposed to bring performance benefit compared with a single panel/non simultaneous multi-panel transmission. The MPR/A-MPR per TCI state can be set using the relevant information in DCI and the power control specified for TCI state and any other common signalling, like NS value. The MPR per state may have to be increased due to increased unwanted emissions levels (TRP) with simultaneous transmission on two beams, but this does not mean that the MPR per TCI state must be increased by a full 3 dB.
On the other hand, P-MPRf,c,k per TCI state ‘k’ mechanism 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.
Proposal 1: The MPR/A-MPR per TCI state can be set using the relevant information in DCI and the power control specified for TCI state and any other common signalling, like NS value.
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.
Proposal 2: There is no need to introduce an additional relaxation factor (TSTxMP if 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:
6.2D.4
Configured transmitted power for UL MIMO
For UEs configured for 2-layer transmission as well as UEs configured for single layer uplink full power transmission (ULFPTx), the configured maximum output power PCMAX,c for serving cell c is defined as sum of all streams and is bound by limits set in clause 6.2.4.

For operation with multiple TCI states, the configured UE maximum output power PCMAX,f,c,k corresponding to TCI state k of carrier f of a 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] for the TCI state k. The configured UE maximum output power PCMAX,f,c,k for a TCI state k of carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c,k is within the following bounds

PPowerclass + DPIBE – MAX(MAX(MPRf,c,k, A- MPRf,c,k) + ΔMBP,n, P-MPRf,c,k) – MAX{T(MAX(MPRf,c,k, A- MPRf,c,k,)), T(P-MPRf,c,k)} ≤ PUMAX,f,c,k ≤ EIRPmax
while the total corresponding measured peak EIRP in any direction across all TCI states is bounded by

PUMAX,f,c ≤ EIRPmax
with PPowerclass the UE minimum peak EIRP as specified in sub-clause 6.2.1, EIRPmax the applicable maximum EIRP as specified in sub-clause 6.2.1 [or as determined by local exposure requirements], MPRf,c,k for each TCI state k as specified in sub-clause 6.2.2 using corresponding information in the DCI, A-MPRf,c,k for each TCI state k as specified in sub-clause 6.2.3, ΔMBP,n the peak EIRP relaxation as specified in clause 6.2.1. DPIBE is 1.0 dB if UE declares support for mpr-PowerBoost-FR2-r16, UL transmission is QPSK, MPRf,c,k = 0 and when NS_200 applies and the network configures the UE to operate with mpr-PowerBoost-FR2-r16 otherwise DPIBE is 0.0 dB. The requirement is verified in beam peak direction.

maxUplinkDutyCycle-FR2, as defined in TS 38.306 [14], is a UE capability to facilitate electromagnetic power density exposure requirements. This UE capability is applicable to all FR2 power classes.

If the field of UE capability maxUplinkDutyCycle-FR2 is present and the percentage of uplink symbols transmitted within any 1 s evaluation period is larger than maxUplinkDutyCycle-FR2, the UE follows the uplink scheduling and can apply P-MPRf,c,k.

If the field of UE capability maxUplinkDutyCycle-FR2 is absent, the compliance to electromagnetic power density exposure requirements are ensured by means of scaling down the power density or by other means. 

P-MPRf,c,k is the power management maximum output power reduction. The UE shall apply P-MPRf,c,k for a TCI state k of carrier f of a serving cell c only for the cases described below. For UE conformance testing P-MPRf,c,k shall be 0 dB.

a)
ensuring compliance with applicable electromagnetic power density exposure requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications;

b)
ensuring compliance with applicable electromagnetic power density exposure requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.

NOTE 1:
P-MPRf,c,k  was introduced in the PCMAX,f,c,k equation such that the UE can report to the gNB the available maximum output transmit power. This information can be used by the gNB for scheduling decisions.

NOTE 2:
P-MPRf,c,k and maxUplinkDutyCycle-FR2 may impact the maximum uplink performance for the selected UL transmission path. 

NOTE 3:
MPE P-MPR Reporting capability tdd-MPE-P-MPR-Reporting-r16, as defined in TS 38.306 [14], is used to report P-MPRf,c,k when the reporting conditions configured by gNB are met. This UE capability is applicable to all FR2 power classes.

The tolerance T(∆P) for applicable values of ∆P (values in dB) is specified in Table 6.2.4-1.

Table 6.2.4-1: PUMAX,f,c,k tolerance

	Operating Band
	∆P (dB)
	Tolerance T(∆P)

(dB)

	n257, n258, n259, n260, n261
	P = 0
	0

	
	0 < P ≤ 2
	1.5

	
	2 < P ≤ 3
	2.0

	
	3 < P ≤ 4
	3.0

	
	4 < P ≤ 5
	4.0

	
	5 < P ≤ 10
	5.0

	
	10 < P ≤ 15
	7.0

	
	15 < P ≤ X
	8.0

	NOTE:
X is the value such that Pumax,f,c lower bound,  PPowerclass - P – T(P) = minimum output power specified in clause 6.3.1


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: The MPR/A-MPR per TCI state can be set using the relevant information in DCI and the power control specified for TCI state and any other common signalling, like NS value.
Proposal 2: There is no need to introduce an additional relaxation factor (TSTxMP if 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.

Proposal 3: The text proposal for the introduction of configured maximum output power for STxMP (in clause 6.2D.4 of TS38.101-2) is provided in Section 2.2 of the contribution.
4
References

[1] RP-223276, “WID Update: MIMO Evolution for Downlink and Uplink”, RAN#98-e
[2] R4-2317604, “WF on STxMP UE RF requirements”, Samsung, RAN4#108-bis
[3] 3GPP TS38.101-2 V18.3.0, “NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone”
3GPP


