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[bookmark: _Toc116995841]Introduction
In RAN #94e, the MIMO evolution downlink and uplink was approved in [1]. Among its objectives, there is the study and specification of STxMP for multi-TRP operations. In the last meeting RAN4#108, the following WF was agreed [2]:
	<Topic 1: STxMP>
[bookmark: _Hlk146013481]<Agreement> PCMAXf,c,k
-    LS is sent to RAN1 to inform that RAN4 will introduce PCMAXf,c,k for STxMP (See R4-2314698)
-    How to incorporate the  PCMAXf,c,k in to the spec will be discussed in RAN4#108-bis 
 
<Way forward> MPRf,c,k/A-MPRf,c,k
-    MPRf,c,k/A-MPRf,c,k will be further discussed and determined in RAN4#108-bis from the following options 
· Option 1: MAX[(MPRk , A-MPRk, MPRp, A-MPRp) ] +3dB in lower bound for beam k and p
· Option 2: MAX(X, MPRf,c,k, A- MPRf,c,k), X = 10*log10(number of UL TCI-states indicated for [STxMP]) dB in lower bound
· Option 3: Define ‘per-panel’ requirements of MPRf,c,k = MPRf,c + 3dB, and A-MPRf,c,k = A-MPRf,c + 3dB
· Option 4: Reuse MPRf,c and A-MPRf,c requirements, and add 3dB relaxation to lower bound
· Option 5: Do not extend the current MPR concept at least in this release.
· Option 6: Other proposals based on legacy MPR/A-MPR requirements are not precluded for RAN4#108-bis
 
<Way forward> P-MPRf,c,k-
-    In RAN4#108-bis, it will be discussed how to ensure EIRP compliance
 
<Way forward> PUMAXf,c,k
-    Whether to introduce PUMAXf,c,k will be determined based on the discussion results of MPRf,c,k/A-MPRf,c,k 
 
<Way forward> New signalling 
-    Whether to introduce new signalling for overlapped beams indication depends on the discussion results of MPRf,c,k/A-MPRf,c,k in RAN4#108-bis
 
<Way forward> Testability
-    RAN4 will check the testability issue before PUMAXf,c,k is introduced, e.g., sending LS to RAN5 and/or other means



[bookmark: _Toc116995842]Discussion
The main content of the paper and analysis is a discussion of the UE RF requirements for STxMP.
PCMAX,f,c,k per indicated TCI state
In the last RAN4 meeting, an LS was sent to RAN1 to inform that RAN4 will introduce PCMAX,f,c,k per indicated joint/UL TCI state for STxMP, where ‘k (k=0,1)’ corresponds to the first and second indicated joint/UL TCI states, respectively. [2]
<Agreement> PCMAXf,c,k
-    LS is sent to RAN1 to inform that RAN4 will introduce PCMAX,f,c,k for STxMP (See R4-2314698)
[bookmark: _Hlk146019770]-    How to incorporate the PCMAX,f,c,k in to the spec will be discussed in RAN4#108-bis 
Regarding the incorporation of PCMAXf,c,k in to the spec, then we propose the following text which implicitly restricts PCMAX,f,c,k  by defining an upper and lower limit on PUMAX,f,c,k.
6.2x.4	Configured transmitted power for [STxMP]
The UE can configure its maximum output power for each UL TCI-state indicated for [STxMP]. The configured UE maximum output power PCMAX,f,c,k for TCI state k of carrier f and serving cell c 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 for TCI state k as specified in TS 38.215 [11].
[bookmark: _Hlk146020633]The configured maximum output power PCMAX,f,c,k shall be set such that the corresponding measured peak EIRP PUMAX,f,c,k for each of the indicated TCI states k indicated for [STxMP] 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)} - [∆TSTxMP,k] ≤ PUMAX,f,c,k 
where ∆TSTxMP,k is a relaxation of the lower bound of Pumax for TCI state k in case of overlapping beams. The total relaxation across the indicated TCI states satisfies:

[bookmark: _Hlk146531062]where  is the linear value of the relaxation per configured TCI state k.
The corresponding measured peak EIRP of UE over all carriers f of all serving cells c satisfies:

where  is the linear value of the measured power PUMAX,f,c,k for carrier f=f(c) of serving cell c, for TCI state k. The measured peak EIRP PUMAX,f,c is bounded by:
PUMAX,f,c ≤ EIRPmax
The measured total radiated power PTMAX,f,c is defined as

where pTMAX,f,c,k is the linear value of the measured total radiated power PTMAX,f,c,k for carrier f = f(c) of serving cell c, for TCI state k. The total radiated power PTMAX, f,c is bounded by:
PTMAX,f,c ≤ TRPmax
where TRPmax is the maximum TRP for the UE power class.
It has earlier been discussed if on overall PCMAX is needed, but it is our understanding that this has not been concluded. We therefore propose to discuss if there is a need for such an overall PCMAX or if it is sufficient with a PCMAX for each TCI state.
Discuss if an overall UE PCMAX is needed or if separate PCMAX for each configured TCI state is sufficient. 

MPR and EIRP compliance
Relaxation to the lower bound of the in-equation for PUMAX,f,c,k has been discussed in the previous RAN4 meeting and the WF lists the following options:
	<Way forward> MPRf,c,k/A-MPRf,c,k
-    MPRf,c,k/A-MPRf,c,k will be further discussed and determined in RAN4#108-bis from the following options 
· Option 1: MAX[(MPRk , A-MPRk, MPRp, A-MPRp) ] +3dB in lower bound for beam k and p
· Option 2: MAX(X, MPRf,c,k, A- MPRf,c,k), X = 10*log10(number of UL TCI-states indicated for [STxMP]) dB in lower bound
· Option 3: Define ‘per-panel’ requirements of MPRf,c,k = MPRf,c + 3dB, and A-MPRf,c,k = A-MPRf,c + 3dB
· Option 4: Reuse MPRf,c and A-MPRf,c requirements, and add 3dB relaxation to lower bound
· Option 5: Do not extend the current MPR concept at least in this release.
· Option 6: Other proposals based on legacy MPR/A-MPR requirements are not precluded for RAN4#108-bis



It may be an advantage to be able to prioritize one TCI state over the other, which may be reflected in an unequal lower bound for each configured TCI state, while still having an upper limit on the total power reduction. This would be a separate proposal, i.e. option 6:
Support Option 6: Allow lower bound to be different per configured TCI state k by adding ∆TSTxMP,k to lower bound.
Limit the total relaxation of the lower bound due to STxMP across TCI states to 3dB: 
where ∆tSTxMP,k is the linear value of the relaxation for configured TCI state k.
In the previous RAN4 meeting it was agreed to discuss how to ensure EIRP compliance:
	<Way forward> P-MPRf,c,k-
-    In RAN4#108-bis, it will be discussed how to ensure EIRP compliance



Therefore, last part of this section focusses on the upper bound PUMAX to comply with the regulatory requirements on EIRP.
When transmitting on multiple beams simultaneously and the beams overlap, there is a risk that the transmitted beams from each panel are overlapping and thereby the overall UE peak EIRP for some directions may exceed the maximum allowed EIRP. Consequently, the UE must reduce its output power to be compliant with regulatory requirements, namely max TRP and max peak EIRP. We propose to use P-MPR to accomplish this:
We propose to use P-MPR to ensure EIRP compliance when beams are overlapping. 
Since the network is not aware about the UE radiation patterns and panel placements, it cannot evaluate if UL beam pairs are overlapping and if there is a need to perform P-MPR by the UE for the given TCI/beam combination. 
As proposed above, we prefer to use P-MPR to ensure EIRP compliance. In section 2.3 we discuss potential new signalling associated with this.
[bookmark: _Ref146025519]New signalling for overlapped beam indication
Depending on the outcome of the discussion on MPR/A-MPR there may be a need to introduce new signalling to indicate if beams are overlapping:
	<Way forward> New signalling 
Whether to introduce new signalling for overlapped beams indication depends on the discussion results of MPRf,c,k/A-MPRf,c,k in RAN4#108-bis



It is our opinion that the UE shall use P-MPR to comply with the regulatory requirements to peak EIRP in case of overlapping beams. 
P-MPR is applied by the UE autonomously and gNB is not aware of the actual P-MPR value the UE is using or when it is used. P-MPR scales down Pcmax value in PHR reporting (which reduces PH) but network is not aware whether Pcmax is reduced due to P-MPR or due to other factors or due to a combination thereof.
The network does not know if a new/change in indicated UL TCI state will result in P-MPR.
To avoid non-optimum updates in the TCI configurations, the network would therefore benefit from the knowledge of the potential P-MPR in case a given pair of TCI states are indicated. This could result in reporting of many combinations of indicated TCI states but by anticipating that the TCI states for the two TRP’s are updated sequentially, it would be sufficient to report the best active TCI states for one TRP while assuming that the current indicated TCI state is kept on the other TRP. This approach can be illustrated in Figure 1.
[image: ]
Figure 1: UE reports the P-MPR for pairs of TCI states for TRP A and TRP B. The P-MPR values reported to TRP B assumes that the TCI state on TRP A is maintained. Likewise, the P-MPR values reported to TRP-A assumes that the TCI states on TRP-B is maintained.
An alternative to the proactive reporting of the potential P-MPR for a given pair of TCI states would be to report the P-MPR for the actual indicated (used) TCI states, which would give the network an option to act reactively. If the network knows how the P-MPR is applied across the two panels, it will be sufficient to report the overall P-MPR, otherwise there needs to be a reporting of the P-MPR per panel.
It is suggested that the UE shall report P-MPR for each indicated TCI if P-MPR is applied.
The PHR enhanced single entry report contains an MPE field (see figure below), used to indicate the P-MPR due to MPE. It is suggested to reuse this field to indicate P-MPR due to overlapping beams during STxMP.
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Reuse MPE bits in PHR report to signal P-MPR values. 
The granularity of the reported values in the MPE field may have to be different for STxMP. Currently the mapping of the MPE bit is like shown in below table:
Table 10.1.26.1-1 Mapping of FR2 P-MPR
	Reported value
	Measured quantity value
	Unit

	P-MPR_00
	3 £ P-MPR < 6
	dB

	P-MPR_01
	6 £ P-MPR < 9
	dB

	P-MPR_02
	9 £ P-MPR < 12
	dB

	P-MPR_03
	P-MPR ³ 12
	dB



If uneven split of P-MPR is supported, there may be cases where one TCI is only reduced with a small P-MPR value while the other TCI is significantly reduced.  Examples on such uneven split can be seen in table 2. 
[bookmark: _Ref146181464]Table 2: Example of 3dB power backoff split unevenly across two TCI states. The N/A in the first row for TCI state B indicates that the TCI state B is switched off, so no P-MPR is applied.
	3 dB P-MPR split across 2 TCI states

	TCI A
	TCI B

	0,0
	N/A

	0,5
	9,6

	1,0
	6,9

	2,0
	4,3

	3,0
	3,0



If the values of the above table are to be signalled using the MPE bits in the PHR, then the P-MPR table needs to be extended. It is proposed to discuss if it shall be possible to indicate P-MPR values below 3 dB e.g. the values in the left column of Table 2. Such an extension will require that an additional bit is reserved for the MPE field in the PHR report.
Discuss if it shall be possible to indicate P-MPR values below 3 dB in case of uneven split of P-MPR.
A new threshold parameter may be defined to limit the allowed power imbalance due to P-MPR of the two configured TCI states. As an example, if the network would set such a threshold to 3dB then only the lower two entries in Table 2 would be allowed. 
If uneven split of the overall P-MPR is allowed, it is proposed to define a new threshold, Tmax_power_imbalance, which the network may indicate to the UE to limit the allowed power imbalance due to P-MPR for each indicated TCI state.
If the power imbalance exceeds the threshold, Tmax_power_imbalance, then the UE may indicate this to the network using e.g. MAC CE or RRC signalling.
If RAN4 agrees that there is a benefit by this reporting, an LS shall be made to RAN1/RAN2 to request the necessary signaling support.

[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
1. Discuss if an overall UE PCMAX is needed or if separate PCMAX for each configured TCI state is sufficient. 
1. Support Option 6: Allow lower bound to be different per configured TCI state k by adding ∆TSTxMP,k to lower bound.
1. Limit the total relaxation of the lower bound due to STxMP across TCI states to 3dB: 
where ∆tSTxMP,k is the linear value of the relaxation for configured TCI state k.
1. We propose to use P-MPR to ensure EIRP compliance when beams are overlapping. 
1. The network does not know if a new/change in indicated UL TCI state will result in P-MPR.
It is suggested that the UE shall report P-MPR for each indicated TCI if P-MPR is applied.
Reuse MPE bits in PHR report to signal P-MPR values. 
Discuss if it shall be possible to indicate P-MPR values below 3 dB in case of uneven split of P-MPR.
If uneven split of the overall P-MPR is allowed, it is proposed to define a new threshold, Tmax_power_imbalance, which the network may indicate to the UE to limit the allowed power imbalance due to P-MPR for each indicated TCI state.
If the power imbalance exceeds the threshold, Tmax_power_imbalance, then the UE may indicate this to the network using e.g. MAC CE or RRC signalling.
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Figure 6.1.3.48-1: Enhanced Single Entry PHR MAC CE




