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1	Introduction
This contribution analyses B46 MOP (Maximum Output Power) tolerance according to WF [1] and proposes which tolerance should be used.

2	Discussion
A WF on eLAA Tx requirements [1] was approved in RAN4#81bis. According to WF the MOP is

· Maximum output power
· 23 dBm (class 3)
· Tolerance is +2/-2 or +2/-2.5.  Companies to provide proposals with technical justification next meeting.

The reason why we raised a slight concern on the tolerance is the adequateness of PA maximum output power in practical UE implementations. In WiFi implementations the PA has seen ~3-4 dB FE loss depending on the implementation. For LTE implementations this loss may be a bit larger due to practical constraints i.e. possible component placing, routing, and architectural decisions. 
Basically the tolerance TL,c has no impact to configured maximum output power (PCMAX,c) but only to measured configured maximum output power (PUMAX,c). PUMAX,c is important because that is the power one actually measures at the antenna connector. The baseline for tolerance TL,c is ±2dB, but the lower limit has been relaxed for some difficult bands that have high FE loss (28, 42, etc). 
Below we show an excerpt of 36.101 that defines includes the definition for the tolerance. 
6.2.5	Configured transmitted power
The UE is allowed to set its configured maximum output power PCMAX,c for serving cell c. The configured maximum output power PCMAX,c is set within the following bounds:
PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c with
	PCMAX_L,c = MIN {PEMAX,c – TC,c,  PPowerClass – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c + TProSe, P-MPRc)}
	PCMAX_H,c = MIN {PEMAX,c,  PPowerClass}
where
-	PEMAX,c is the value given by IE P-Max for serving cell c, defined in [7];
-	PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1;
-	MPRc and A-MPRc for serving cell c are specified in subclause 6.2.3 and subclause 6.2.4, respectively;
-	TIB,c is the additional tolerance for serving cell c as specified in Table 6.2.5-2; TIB,c = 0 dB otherwise;
-	TC,c = 1.5 dB when NOTE 2 in Table 6.2.2-1 applies;
-	TC,c = 0 dB when NOTE 2 in Table 6.2.2-1 does not apply;
-	TProSe = 0.1 dB when the UE supports ProSe Direct Discovery and/or ProSe Direct Communication on the corresponding E-UTRA ProSe band; TProSe = 0 dB otherwise.
P-MPRc is the allowed maximum output power reduction for
a)	ensuring compliance with applicable electromagnetic energy absorption 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 energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.
The UE shall apply P-MPR c for serving cell c only for the above cases. For UE conducted conformance testing P-MPR shall be 0 dB
NOTE 1:	P-MPRc was introduced in the PCMAX,c equation such that the UE can report to the eNB the available maximum output transmit power. This information can be used by the eNB for scheduling decisions.
NOTE 2: P-MPRc may impact the maximum uplink performance for the selected UL transmission path.
For each subframe, the PCMAX_L,c for serving cell c is evaluated per slot and given by the minimum value taken over the transmission(s) within the slot; the minimum PCMAX_ L,c over the two slots is then applied for the entire subframe. PPowerClass shall not be exceeded by the UE during any period of time.

The measured configured maximum output power PUMAX,c shall be within the following bounds:
	PCMAX_L,c  –  MAX{TL,c, T(PCMAX_L,c)}  ≤  PUMAX,c  ≤  PCMAX_H,c  +  T(PCMAX_H,c).
where the tolerance T(PCMAX,c) for applicable values of PCMAX,c is specified in Table 6.2.5-1, and Table 6.2.5-1A. The tolerance TL,c is the absolute value of the lower tolerance for the applicable operating band as specified in Table 6.2.2-1.

Table 6.2.5-1: PCMAX tolerance 
	PCMAX,c
(dBm)
	Tolerance T(PCMAX,c)
(dB)

	23 < PCMAX,c ≤ 33
	2.0

	21 ≤ PCMAX,c ≤ 23
	2.0

	20 ≤ PCMAX,c < 21
	2.5

	19 ≤ PCMAX,c < 20
	3.5

	18 ≤ PCMAX,c < 19
	4.0

	13 ≤ PCMAX,c < 18
	5.0

	8 ≤ PCMAX,c < 13
	6.0

	-40 ≤ PCMAX,c < 8
	7.0




For this analysis we use RF front-end that is shared between B46 and 5GHz WiFi. The right-hand architecture from figure 1 below is used in calculations. 
[image: ]
Figure 1 RF Front-end architectures

The following assumptions are used in this analysis.MPR=2 dB is assumed for QPSK based on contributions in previous meeting.
Diplexer IL						1.2
B46 filter IL						2.2
SW								0.6
Fast TX/RX switch				0.8
Trace loss (PA->)					1.5
Minimum allowed MPR			    2
T(PCMAX,c)							2.0
TL,c						   [2.0:2.5]
All other parameters in PCMAX_L,c are assumed to be 0 (i.e no A-MPR etc).
The total FE loss is 1.2+2.2+0.6+0.8+1.5=6.3dB. The interesting parameter is available PA maximum output power that is UE maximum output power+FE loss. 

We apply these parameters to lower limit of PUMAX,c and modify the formula to calculate required PA maximum output power to meet the lower limit of PUMAX,c .

CASE when TL,c is 2.0dB:

PMAX_PA-FE loss  ≥ PCMAX_L,c  –  MAX{TL,c, T(PCMAX_L,c)}  

PMAX_PA-FE loss  ≥ MIN {PEMAX,c – TC,c,  PPowerClass – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c + TProSe, P-MPRc)}–  MAX{TL,c, T(PCMAX_L,c)}  

PMAX_PA≥ 23dB-2dB  –  MAX{2.0dB, 2.0dB}+6.3dB
  
PMAX_PA ≥ 25.3dB

CASE when TL,c is 2.5dB:

PMAX_PA-FE loss  ≥ PCMAX_L,c  –  MAX{TL,c, T(PCMAX_L,c)}  

PMAX_PA-FE loss  ≥ MIN {PEMAX,c – TC,c,  PPowerClass – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c + TProSe, P-MPRc)}–  MAX{TL,c, T(PCMAX_L,c)}  

PMAX_PA≥ 23dB-2dB  –  MAX{2.5dB, 2.0dB}+6.3dB
  
PMAX_PA ≥ 24.8dB

Based on this analysis, if the tolerance TL,c is 2.0dB then PA needs to provide 25.3dB power (and meet the linearity requirements) with 2dB MPR assumption to meet the lower limit of measured conducted maximum output power PUMAX,c. So far there has not been that many LTE PA’s available for measurements but WiFi PA’s only. Based on some WiFi PA measurements, it seems that the lower limits of 25.3dB could be achieved and exceeded at least with one WiFi PA but not big enough margin to justify assumption that other WiFi PA’s would also meet the limit. 

If there were more measurement results that show  PUMAX,c can be met also in worst case scenarios with adequate margin then TL,c=2.0dB could be used. However that is not the case at this point of time and thus we propose TL,c=2.5dB to be used.

PROPOSAL: B46 Maximum output power lowers tolerance TL,c=2.5dB shall be used and thus the tolerance is +2dB/-2.5dB
3	Conclusion
B46 Maximum output power tolerance was analysed according to WF [1]. The following proposal is made.

PROPOSAL: B46 Maximum output power lowers tolerance TL,c=2.5dB shall be used and thus the tolerance is +2dB/-2.5dB
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