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1. Introduction

In the RAN#72 meeting, a SI to evaluate various schemes for Band 11 and Band 21 to protect EESS (Earth Exploration-Satellite Service) was approved. This SI investigates required transmission restriction including multiple NS/Pemax for Band 11 and Band 21 UEs for the protection. This contribution raises issues of conventional approaches (e.g. A-MPR) and proposes an alternative solution to make maximum use of the 1.5GHz band.
2. Discussion
2.1 Conventional solutions for the EESS protection

As described in the SID, the 1.5GHz band (1427 - 1518MHz) was newly identified as IMT spectrum while it was also decided that UEs operated in 1427 - 1452 MHz need to meet -62 dBW/27MHz to protect the EESS. Since the UEs close to the lower edge of the 1.5 GHz band cannot rely on any filter attenuation at the upper edge of EESS due to the close vicinity of the boundary, this case will require some transmission restriction. 

To satisfy emission requirements, some transmission restrictions have been defined in 3GPP as below. Among these, A-MPR with NS is a straightforward approach in some cases to make maximum use of spectrum resource.
1. PEMAX,c
· Limit maximum transmission power of UEs in the serving cell regardless of number of RBs
Example) Maximum transmission power of ALL UEs in the serving cell is limited to 20 dBm
2. RB restriction
· Restrict number (and position) of RBs of UEs in the serving cell
Example) A certain operator is allowed to allocate number of RBs up to 20 RB regardless of transmit power
3. A-MPR with NS
· Allow A-MPR according to number (and position) of RBs
Example) A-MPR of 5 dB is allowed for > 40 RB
In the EESS case, it should be noted that the condition of transmit power to meet the limit is not 23 dBm but 15 dBm. In other words, in principle, the restriction should be defined only when UE transmit power is 15 dBm. In our understanding, any solutions so far RAN4 has produced cannot accommodate this situation in a proper manner. For example, provided that a conventional approach with A-MPR of 8 dB is applied for the EESS case, the below issue is expected.
For example, we assume the following conditions with LTE 10 MHz CBW (up to 50 RB).
· 5 dBm can protect EESS without RB restriction(A-MPR=18dB

· 10 dBm can protect EESS up to 25 RB(A-MPR=13dB

· 15 dBm can protect EESS up to 20 RB(A-MPR=8dB

· Over 17 dBm cannot protect the EESS
In this case, maximum output power of some UEs may be limited to 17 dBm although the transmission over 17dBm is not restricted. 
Observation 1: Conventional A-MPR with NS approach has an issue to prevent UEs in the 1.5 GHz band from transmitting from a certain power level.
2.2 Proposed solution for the EESS protection
In order to address the issue, we propose to introduce PEMAX_RB and PEMAX_RB,c signalled by higher layer into section 3.2 of TS 36.101 and put PEMAX_RB,c in the PCMAX_L,c and PCMAX_H,c definitions in the section 6.2.5. The details are described in the Annex section in this contribution. 
3.2
Symbols

PEMAX_RB
Maximum allowed UE output power for the number of uplink allocated resource blocks, which is indicated by Network Signalling value as specified in 6.2.X.

PEMAX_RB, c
Maximum allowed UE output power for the number of uplink allocated resource blocks, which is indicated by Network Signalling value as specified in 6.2.X for serving cell c.
6.2.5
Configured transmitted power

PCMAX_L,c = MIN { MIN(PEMAX,c, PEMAX_RB,c) – TC,c,  PPowerClass – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c + TProSe, P-MPRc)}


PCMAX_H,c = MIN {PEMAX,c, PEMAX_RB,c, PPowerClass}

The conventional PEMAX and PEMAX,c are set as a fixed value. On the other hand, the new two parameters of PEMAX_RB and PEMAX_RB,c are determined according to the number (and position) of RBs. These parameters enable to avoid the above issue in Observation 1.
We take an example below.
Example) Assuming LTE 10 MHz (up to 50 RB)
· 15dBm <= PEMAX_RB <=23 dBm, then up to 20RB allowed ( Because over 20RB would be excessive
· 10dBm <= PEMAX_RB < 15 dBm, then up to 20RB allowed ( This is the condition of the EESS protection
· 5dBm <= PEMAX_RB < 10 dBm, then up to 25RB allowed
· -40dBm <= PEMAX_RB < 5 dBm, then up to 50RB allowed
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Figure 1: An example of the proposed solution
With this approach, it can be accomplished to ensure the UE transmission up to 23 dBm and relax the RB restriction compared to conventional ways, which will enhance the value of the 1.5 GHz band.
3. Conclusion
For the EESS protection, pros and cons for each approach are summarized in the table below.
	
	Option 1:

PEMAX,c
	Option 2:

RB restriction
	Option 3:

A-MPR with NS
	Option 4:

Proposed solution

	Pros
	Conventional way can be reused. Easy to specify.
	Conventional way can be reused. Easy to specify.
	Conventional way can be reused. 
	RB restriction can be relaxed according to the transmit power as well as allow to transmit up to 23 dBm.

	Cons
	Transmit power of all UEs in the serving sell is restricted and coverage will shrink. Spectrum is not fully utilized in terms of output power.
	Due to RB restriction, less efficiency of spectrum usage.
	Generally, the option 3 is better than Op 1 and 2 in terms of efficient spectrum usage.　In the case of EESS protection, there will be a risk that the maximum output power is limited to the same power where PEMAX is applied.
	New approach and need to introduce new parameters.


Based on this table, since option 4 is the best way to make maximum use of spectrum resource, we propose the following.
Proposal: For the EESS protection, Option 4 should be adopted as a basic direction, and details including contents of this contribution will be further studied and captured into TR 36.745 in the next meeting.
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3.2
Symbols

<< skip unrelated part >>
PCMAX
The configured maximum UE output power.

PCMAX, c
The configured maximum UE output power for serving cell c.

PEMAX 
Maximum allowed UE output power signalled by higher layers. Same as IE P-Max, defined in [7]. 

PEMAX, c
Maximum allowed UE output power signalled by higher layers for serving cell c. Same as IE
P-Max, defined in [7].
PEMAX_RB
Maximum allowed UE output power for the number of uplink allocated resource blocks, which is indicated by Network Signalling value as specified in 6.2.X.

PEMAX_RB, c
Maximum allowed UE output power for the number of uplink allocated resource blocks, which is indicated by Network Signalling value as specified in 6.2.X for serving cell c.
<< skip unrelated part >>
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 { MIN( PEMAX,c PEMAX_RB,c)– TC,c,  PPowerClass – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c + TProSe, P-MPRc)}


PCMAX_H,c = MIN {PEMAX,c, PEMAX_RB,c, PPowerClass}

where

-
PEMAX,c is the value given by IE P-Max for serving cell c, defined in [7];

-
PEMAX_RB,c is the Network Signaling value indicated by the field additionalSpectrumEmission as specified in 6.2.X.
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.

<< skip unrelated part >>
6.2.5A
Configured transmitted power for CA

For uplink carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c for serving cell c and its total configured maximum output power PCMAX. 

The configured maximum output power PCMAX,c  on serving cell c shall be set as specified in subclause 6.2.5.
For uplink inter-band carrier aggregation, MPRc and A-MPRc apply per serving cell c and are specified in subclause 6.2.3 and subclause 6.2.4, respectively. P-MPR c accounts for power management for serving cell c. PCMAX,c  is calculated under the assumption that the transmit power is increased independently on all component carriers.
For uplink intra-band contiguous and non-contiguous carrier aggregation, MPRc = MPR and A-MPRc = A-MPR with MPR and A-MPR specified in subclause 6.2.3A and subclause 6.2.4A respectively. There is one power management term for the UE, denoted P-MPR, and P-MPR c = P-MPR. PCMAX,c  is calculated under the assumption that the transmit power is increased by the same amount in dB on all component carriers.

The total configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L ≤ PCMAX ≤ PCMAX_H
For uplink inter-band carrier aggregation with one serving cell c per operating band, 


PCMAX_L = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c), pEMAX_RB,c/ (tC,c),pPowerClass/(mprc·a-mprc·tC,c ·tIB,c·tProSe) , pPowerClass/pmprc], PPowerClass}


PCMAX_H = MIN{10 log10 ∑ pEMAX,c , 10 log10 ∑ pEMAX_RB,c,PPowerClass}
where
-
pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7];
-
pEMAX_RB,c is the linear value of PEMAX_RB, c;
-
PPowerClass is the maximum UE power specified in Table 6.2.2A-1 without taking into account the tolerance specified in the Table 6.2.2A-1; pPowerClass is the linear value of PPowerClass;

-
mpr c and a-mpr c are the linear values of MPR c and A-MPR c as specified in subclause 6.2.3 and subclause 6.2.4, respectively; 
-
pmprc is the linear value of P-MPR c; 
-
tC,c is the linear value of TC,ctC,c = 1.41 when NOTE 2 in Table 6.2.2-1 applies for a serving cell c, otherwise tC,c = 1;
-
tIB,c  is the linear value of the inter-band relaxation term TIB,c of the serving cell c as specified in Table 6.2.5-2; otherwise tIB,c
- 
tProSe is the linear value of TProSe and applies as specified in subclause 6.2.5.

For uplink intra-band contiguous and non-contiguous carrier aggregation, 

PCMAX_L  = MIN{10 log10 ∑ pEMAX,c  - TC , 10 log10 ∑ pEMAX_RB,c  - TC ,PPowerClass – MAX(MPR + A-MPR + ΔTIB,c + TC + TProSe, P-MPR ) }

PCMAX_H  = MIN{10 log10 ∑ pEMAX,c , 10 log10 ∑ pEMAX_RB,c , PPowerClass}
where 
-
pEMAX,c is the linear value of PEMAX,c which is given by IE P-Max for serving cell c in [7];
-
pEMAX_RB,c is the linear value of PEMAX_RB, c;
-
PPowerClass is the maximum UE power specified in Table 6.2.2A-1 without taking into account the tolerance specified in the Table 6.2.2A-1;

-
MPR and A-MPR are specified in subclause 6.2.3A and subclause 6.2.4A respectively;

-
TIB,c is the additional tolerance for serving cell c as specified in Table 6.2.5-2;

-
P-MPR is the power management term for the UE;

-
TC is the highest value TC,c among all serving cells c in the subframe over both timeslots. TC,c = 1.5 dB when NOTE 2 in Table 6.2.2A-1 applies to the serving cell c, otherwise TC,c = 0 dB;
- 
TProSe applies as specified in subclause 6.2.5. 
For combinations of intra-band and inter-band carrier aggregation with UE configured for transmission on three serving cells (up to two contiguously aggregated carriers per operating band), 


PCMAX_L = MIN {10log10∑(pCMAX_L, Bi), PPowerClass}


PCMAX_H = MIN{10 log10 ∑ pEMAX,c , 10 log10 ∑ pEMAX_RB,c ,PPowerClass}
where
-
pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7];
-
pEMAX_RB,c is the linear value of PEMAX_RB, c;
-
PPowerClass is the maximum UE power specified in Table 6.2.2A-0 without taking into account the tolerance specified in the Table 6.2.2A-0; pPowerClass is the linear value of PPowerClass;

- 
pCMAX_L, Bi is the linear values of PCMAX_L as specified in corresponding operating band. PCMAX_L,c specified for single carrier in subclause 6.2.5 applies for operating band supporting one serving cell. PCMAX_L specified for uplink intra-band contiguous carrier aggregation in subclause 6.2.5A applies for operating band supporting two contiguous serving cells.
For each subframe, the PCMAX_L is evaluated per slot and given by the minimum value taken over the transmission(s) within the slot; the minimum PCMAX_L over the two slots is then applied for the entire subframe. PPowerClass shall not be exceeded by the UE during any period of time.

If the UE is configured with multiple TAGs and transmissions of the UE on subframe i for any serving cell in one TAG overlap some portion of the first symbol of the transmission on subframe i +1 for a different serving cell in another TAG, the UE minimum of PCMAX_L for subframes i and i + 1 applies for any overlapping portion of subframes i and i + 1. PPowerClass shall not be exceeded by the UE during any period of time.

The measured maximum output power PUMAX over all serving cells shall be within the following range:


PCMAX_L  – MAX{TL, TLOW(PCMAX_L) }  ≤  PUMAX  ≤  PCMAX_H  +  THIGH(PCMAX_H) 


PUMAX = 10 log10 ∑ pUMAX,c  
where pUMAX,c  denotes the measured maximum output power for serving cell c expressed in linear scale. The tolerances TLOW(PCMAX) and THIGH(PCMAX) for applicable values of PCMAX are specified in Table 6.2.5A-1 and Table 6.2.5A-2 for inter-band carrier aggregation and intra-band carrier aggregation, respectively. The tolerance TL is the absolute value of the lower tolerance for applicable E-UTRA CA configuration as specified in Table 6.2.2A-0, Table 6.2.2A-1 and Table 6.2.2A-2 for inter-band carrier aggregation, intra-band contiguous carrier aggregation and intra-band non-contiguous carrier aggregation, respectively.
Table 6.2.5A-1: PCMAX tolerance for uplink inter-band CA (two bands)
	PCMAX
(dBm)
	Tolerance
TLOW(PCMAX)
(dB)
	Tolerance
THIGH(PCMAX)
(dB)

	PCMAX = 23
	3.0
	2.0

	22 ≤ PCMAX < 23
	5.0
	2.0

	21 ≤ PCMAX < 22
	5.0
	3.0

	20 ≤ PCMAX < 21
	6.0
	4.0

	16 ≤ PCMAX < 20
	5.0

	11 ≤ PCMAc < 16
	6.0

	-40 ≤ PCMAX < 11
	7.0


Table 6.2.5A-2: PCMAX tolerance 

	PCMAX
(dBm)
	Tolerance
TLOW(PCMAX)
(dB)
	Tolerance
THIGH(PCMAX)
(dB)

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	2.5

	19 ≤ PCMAX < 20
	3.5

	18 ≤ PCMAX < 19
	4.0

	13 ≤ PCMAX < 18
	5.0

	8 ≤ PCMAX < 13
	6.0

	-40 ≤ PCMAX < 8
	7.0


<< skip unrelated part >>
6.2.5D
Configured transmitted power for ProSe

When UE is configured for E-UTRA ProSe sidelink transmissions non-concurrent with E-UTRA uplink transmissions for E-UTRA ProSe operating bands specified in Table 5.5D-1, the configured maximum output power PCMAX,c and power boundary requirement specified in subclause 6.2.5 shall apply to UE supporting ProSe, where

-
MPRc is specified in subclause 6.2.3D;
-
A-MPRc is specified in subclause 6.2.4D;

-
TProSe = 0.1 dB.
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, PEMAX,c is the value given by IE P-Max for serving cell c, defined by [7], when present. PEMAX,c is the value given by IE maxTxPower, defined by [7], when the UE is not associated with a serving cell on the ProSe carrier . PEMAX_RB,c is the Network Signaling value indicated by the field additionalSpectrumEmission as specified in 6.2.X.
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, PEMAX,c is the value given by the IE discMaxTxPower in [7]. PEMAX_RB,c is the Network Signaling value indicated by the field additionalSpectrumEmission as specified in 6.2.X.
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, PEMAX,c is the value given by the IE maxTxPower in [7] when the ProSe UE is not associated with a serving cell on the ProSe carrier. When the UE is associated with a serving cell, then PEMAX,c is the value given by the IE P-Max when PSBCH/SLSS transmissions is triggered for ProSe Direct communication as specified in [7], and is the value given by the IE discMaxTxPower in [7] otherwise. PEMAX_RB,c is the Network Signaling value indicated by the field additionalSpectrumEmission as specified in 6.2.X.
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 and applying the MPR for SSSS as specified in Section 6.2.3D.
When UE is configured for simultaneous E-UTRA ProSe sidelink and E-UTRA uplink transmissions for inter-band E-UTRA ProSe / E-UTRA bands specified in Table 5.5D-2, the configured maximum output power PCMAX,c for the configured E-UTRA ProSe carrier is as specified in subclause 6.2.5D and PCMAX,c for the configured E-UTRA uplink carrier is as specified in subclause 6.2.5. The total UE configured maximum output power is specified as PCMAX and shall be set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H

For synchronous ProSe and uplink transmissions, PCMAX,L and PCMAX_H is set as specified in subclause 6.2.5A for inter-band uplink carrier aggregation. The parameters PEMAX,c, MPRc, A-MPRc, TProSe for ProSe carrier are set as specified in subclause 6.2.5D. 
For asynchronous ProSe and uplink transmissions, the carrier configured for uplink transmission is taken as the reference. If subframe p and subframe q are the subframe pair (p,q) for the uplink and ProSe carriers, respectively, then

1. if uplink carrier leads, the (p,q) and (p,q-1) pairs are considered for PCMAX definition i.e. for deriving the values of PCMAX_L   and PCMAX_H
2. if ProSe carrier leads, the (p,q) and (p,q+1) pairs are considered for PCMAX definition i.e. for deriving the values of PCMAX_L   and PCMAX_H
For the reference subframe p duration when uplink carrier leads:

PCMAX_L   = MIN {PCMAX_L   (p,q-1) , PCMAX_L  (p,q)}

PCMAX_H  = MAX {PCMAX_H   (p,q-1) , PCMAX_H  (p,q)}

For the reference subframe p duration when ProSe carrier leads:

PCMAX_L   = MIN {PCMAX_L   (p,q) , PCMAX_L  (p,q+1)}

PCMAX_H  = MAX {PCMAX_H   (p,q) , PCMAX_H  (p,q+1)}

where PCMAX_L   and PCMAX_H for each overlapping pairs of subframes (p,q) , (p, q+1) , (p, q-1) are as specified in subclause 6.2.5A for inter-band uplink carrier aggregation. The parameters PEMAX,c, MPRc, A-MPRc, TProSe for ProSe carrier are set as specified in subclause 6.2.5D.

For synchronous and asynchronous ProSe and uplink transmissions, the bounds on the measured maximum output power PUMAX over all configured ProSe and uplink carriers is as specified in subclause 6.2.5A for inter-band uplink carrier aggregation.

6.2.X
Maximum allowed UE output power
Table 6.2.X-1: Maximum allowed UE output power
	Network Signalling value
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	Maximum allowed UE output power (dB)

	NS_XX
	11, 21
	5, 10, 15, 20
	≤ 20
	≤ 23

	
	
	
	≤ 20
	≤ 15

	
	
	
	≤ 25
	≤ 10

	
	
	
	≤ 50
	≤ 5


<< End of changes >>

