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1. Introduction
This contribution provides input on the EESS band protection based on measurements of band 11 PA. It provides input on possible valid configurations at 15dBm ouput power and also discusses the design of the 3GPP requirement and conformance test needed for compliance to the regulation. Based on last meeting way forward [1] we make further proposals that may be considered for the work item phase.
2. Discussion
In the last RAN4 meetings the globalization of the Japanese bands 11 and 21 had been discussed as a possible option for harmonization of bands in the 1.5GHz range by ITU, the key topic was related to the protection of the EESS band from 1400MHz to 1427MHz. This contribution provides measurements of a band 11 PA to calibrate the simulation results, and also discusses how to enable the best usage of band 11 and meet the EESS band regulation.
2.1. Band 11 PA measurements
2.1.1. PA dimensioning and transceiver impairments
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Figure 1: 10MHz (left) and 5MHz (right) channel maximum power at UTRA1 ACLR limit

As demonstrated by Figure 1 above, the PA used for measurements is capable of 28.2dBm output power meeting all ACLR requirements passing only marginally the UTRA1 specification of -33dB. This PA is meant to have at least 4dB losses between the PA output and the antenna and is nominally dimensioned for 5dB losses. In this measurement transceiver impairments are not added.
Observation 1: 
· PA dimensioning is such that 4dB min post PA attenuations is assumed and due to an extra 0.5dB measurement losses, 3.5dB must be removed in any absolute power reading in measurements.
· Unless otherwise noted, transceiver impairments of -25dBc for carrier leakage and image rejection and -60dBc CIM3 are added.

· Based on the set measurements made, a 3dB EESS power per dB of LTE power is observed

2.1.2. 10MHz channel measurements 
First channel fully allocated RB measurements
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Figure 2: EESS band power measurement at full RB allocated first 10MHz channel at 22dBm (top) and 14.5dBm (bottom)
Figure 2 provides power measurements in the EESS band for multiple output powers and full RB allocation in the first 10MHz channel, in the order corrected by 3.5dB:

· -14.5dBm in 27MHZ EESS band for 22dBm output power => -11.5dBm/27MHz at 23dBm
· -36.5dBm in 27MHz EESS band for 14.5dBm output power => -35dBm/27MHz at 15dBm
· => -32dBm/27MHz obtained for 16dBm

Observation 2: <-32dBm/27MHz EESS protection is met for first 10MHz channel full allocation up to 16dBm.

Second channel fully allocated RB and RB0 only measurements

Figure 3 provides power measurements in the EESS band for max output power and both full RB allocation and RB0 only in the second 10MHz channel, in the order corrected by 3.5dB: 
· -33.5dBm in 27MHZ EESS band for 22.5dBm output power and full allocation => -32dBm/27MHz at 23dBm 
· -41.5dBm in 27MHZ EESS band for 22.5dBm output power and RB0 only allocation => -40dBm/27MHz at 23dBm 
Observation 3: -32dBm/27MHz EESS protection is met for second 10MHz channel at max power whatever the allocation.
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Figure 3: EESS band power measurement at full RB allocated second 10MHz channel (top) and RB0 only (bottom) at 22.5dBm Pout
First channel RB0 only measurements

Figure 4 provides power measurements in the EESS band for multiple output power and RB0 only allocation in the first 10MHz channel, in the order corrected by 3.5dB: 

· -23.5dBm in 27MHZ EESS band for 22dBm output power and RB0 only allocation with TRX impairments

· -40dBm in 27MHZ EESS band for 22dBm output power and RB0 only allocation without TRX impairments
· -43dBm in 27MHZ EESS band for 14dBm output power and RB0 only allocation with TRX impairments

· -33dBm in 27MHZ EESS band for 18dBm output power and RB0 only allocation with TRX impairments
Observation 4: <-32dBm/27MHz EESS protection is met for first 10MHz channel up to 18dBm for RB0 only allocation with TRX impairment
Observation 5:

· Without TRX impairment EESS protection can be achieved at full power.

· Approximately 10dB/27MHz improvement is needed, thus reduction of carrier and image rejection to 30dBc would enable EESS protection at full power

· UL256QAM capable TRX would enable EESS protection at full power with carrier leakage at -28dBc.
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Figure 4: EESS band power measurement with RB0 only allocated in first 10MHz channel at 22dBm Pout w (top L)/wo (topR) TRX impairments and at 14dBm (BotL) and 18dBm (BotR) w TRX impairments
Further partial allocation measurements were done but for sake of the paper length no plots are provided:

· RB49 only allocation in first 10MHz channel with TRX impairments yields -34.5dBm/27MHz EESS band at 22.5dBm power => -32dBm/27MHz at 23dBm
· 25RB allocation at RBstart 24 in first 10MHz channel with TRX impairments yields -30dBm/27MHz EESS band at 22.5dBm power => -28.5dBm/27MHz at 23dBm
· 25RB allocation at RBstart 24 in first 10MHz channel without TRX impairments yields -33dBm/27MHz EESS band at 22.5dBm power -31.5dBm/27MHz at 23dBm
Observation 6: Same conclusion that a small improvement of TRX impairments or a UL256QAM capable TRX would enable EESS band protection at max power in many more RB allocation cases.

2.1.3. 5MHz channel measurements 
First channel fully allocated RB measurements
Figure 5 provides power measurements in the EESS band for multiple output powers and full RB allocation in the first 5MHz channel, in the order corrected by 3.5dB:

· -18dBm in 27MHZ EESS band for 22dBm output power => -15dBm/27MHz at 23dBm

· -38.5dBm in 27MHz EESS band for 14dBm output power => -35.5dBm/27MHz at 15dBm

· -32.5dBm in 27MHz EESS band for 16dBm output power

Observation 7: <-32dBm/27MHz EESS protection is met for first 5MHz channel full allocation up to 16dBm.
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Figure 5: EESS band power measurement at full RB allocated first 5MHz channel at 22dBm (top) and 14.5dBm (mid) and 16dBm (bot)
Second channel fully allocated RB and RB0 only measurements

Figure 6 provides power measurements in the EESS band for max output power and both full RB allocation and RB0 only in the second 5MHz channel, in the order corrected by 3.5dB: 

· -35.5dBm in 27MHZ EESS band for 22dBm output power and full allocation => -32.5dBm/27MHz at 23dBm 

· -41.5dBm in 27MHZ EESS band for 22dBm output power and RB0 only allocation => -38.5dBm/27MHz at 23dBm 
Observation 8: -32dBm/27MHz EESS protection is met for second 10MHz channel at max power whatever the allocation.
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Figure 6: EESS band power measurement at full RB allocated second 10MHz channel (top) and RB0 only (bottom) at 22dBm Pout
First channel RB0 only measurements

Figure 7 provides power measurements in the EESS band for multiple output power and RB0 only allocation in the first 5MHz channel, in the order corrected by 3.5dB: 

· -24dBm in 27MHZ EESS band for 22dBm output power and RB0 only allocation with TRX impairments

· -41dBm in 27MHZ EESS band for 22dBm output power and RB0 only allocation without TRX impairments
· -44dBm in 27MHZ EESS band for 14dBm output power and RB0 only allocation with TRX impairments

· -32.5dBm in 27MHZ EESS band for 18dBm output power and RB0 only allocation with TRX impairments
Observation 9: <-32dBm/27MHz EESS protection is met for first 5MHz channel up to 18dBm for RB0 only allocation with TRX impairments.
Observation 10:

· Without TRX impairments, EESS protection can be achieved at full power.

· Approximately 10dB/27MHz improvement is needed thus reduction of carrier and image rejection to 30dBc would enable EESS protection at full power.
· UL256QAM capable TRX would enable EESS protection at full power with carrier leakage at -28dBc.
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Figure 7: EESS band power measurement with RB0 only allocated in first 10MHz channel at 22dBm Pout w(top L)/wo (topR) TRX impairments and at 14dBm (BotL) and 18dBm (BotR) w TRX impairments
2.1.4. Summary of results 

Table 1 summarizes the results at 23dBm, 15dBm for multiple RB allocations and provide max power to meet EESS protection requirement of -32dBm/27MHz. In some cases, the TRX impairments are removed to show the benefits.
Table 1: summary of measurements

	waveforms
	 antenna power

	RB allocation
	Ch BW [MHz]
	23dBm
	15dBm
	EESS limit

	full
	5 1st
	-15dBm/27MHz
	-35.5dBm/27MHz
	16dBm Pout

	
	10 1st
	-14.5dBm/27MHz
	-35dBm/27MHz
	16dBm Pout

	RB0
	5 1st
	-24dBm/27MHz*
	-44dBm/27MHz
	18dBm Pout

	
	10 1st
	-20.5dBm/27MHz
	-40dBm/27MHz
	17dBm Pout

	RB0 wo imp.
	5 1st
	-41dBm/27MHz
	 
	>23dBm Pout

	
	10 1st
	-37dBm/27MHz
	 
	>23dBm Pout

	RB49
	10 1st
	-32dBm/27MHz
	 
	23dBm Pout

	25RB RBs24
	10 1st
	-28.5dBm/27MHz*
	 
	21dBm Pout

	25RB RBs24 wo imp.
	10 1st
	-31.5dBm/27MHz
	 
	23dBm Pout

	full
	5 2nd
	-32.5dBm/27MHz
	 
	23dBm Pout

	
	10 2nd
	-32dBm/27MHz
	 
	23dBm Pout

	RB0
	5 2nd
	-38.5dBm/27MHz
	 
	>23dBm Pout

	
	10 2nd
	-41.5dBm/27MHz
	 
	>23dBm Pout


Observations:
· Both 5MHz and 10MHz second channel meet EESS protection requirement at max power.
· All RB allocations in first channel meet EESS protection requirement at 15dBm.
· Transceiver impairments dominate performance for partial RB allocations.
· Partial allocation in first channel does not meet EESS protection at max power but some require very little back-off.
· RB0 measurement without TRX impairment is representative of full RB allocated NB-IoT cases which passes EESS requirements at max power.
Proposal1:

· Second 5MHz and 10MHz channel shall not have restriction.
· First 5MHz and 10MHz channel shall not have restriction up to 15dBm.
· NB-IoT full RB channels at band 11 edge shall not have restriction.
· Some partial allocation, although not meeting EESS requirements at max power, do not show significant degradations and can be used without restrictions (i.e. partial RB allocations on the first 5MHz with RB start above channel center marked with * in the table). These cases are FFS.
Proposal 2: Partial allocation restriction in first channel should be studied using UL256QAM capable TRX with improved Carrier and Image rejection performance.

2.2. EESS protection approach enabling best usage of band 11.
The EESS coexistence requirement is defined as -32dBm in 27MHz (1400MHz to 10427MHz) for a UE at 15dBm output power. As discussed many times, this does not mean that the UEs should be limited to 15dBm output power but rather that a set of randomly placed UEs in the network behave collectively as an UE transmitting at 15dBm which is what the satellite will ultimately see as rise over thermal.

Since there are no details on how the study and the 15dBm number have been derived, we can’t quantitatively reproduce the averaging effect that was used to derive the requirement but we can at least have a correct understanding of what it means and reason on the averaging aspects qualitatively.
First let’s consider LTE emission versus output power in the adjacent 27MHz of the EESS band. Our measurements show that the power in the adjacent 27MHz increases roughly by 3dB per dB of output power (at least for full allocation cases). This means that for fully allocated RBs:

· If -32dBm are measured in 27MHz at 15dBm

· Up to -8dBm should be measured in the EESS band at 23dBm max output power (-9dBm actually measured)
· Similarly -56dBm should be measured in EESS band at 7dBm output power.
It means that in order to compensate a single UE at max power, more than 200 UEs <8dBm are needed. From this observation it seems difficult to believe that such a high contribution is allowed for a single UE.
In comparison, the partial RB allocations at 15dBm has much less impact on the EESS band and is easily compensated by other partial RB allocations.

As demonstrated in previous chapters some improvement in TRX performance similar to those needed for UL256QAM would result in the EESS band protection criteria being met in many allocation cases, even at max power.
In any case, we did not see any evidence that higher back-off than 8dB was needed to meet the EESS -32dBm/27MHZ requirement for any RB allocation.

Given the current status of our measurement and accounting for worst case transceiver impairments Table 2 shows a possible optimum usage of band 11 in presence of EESS band protection requirement. It should be noted here that when restrictions are foreseen for full or partial RB allocation in the first channel it is not meant that EESS requirement of -32dBm/MHz must be met, it could be assumed that none shall exceed -22dBm/27MHz, for example because they can be easily averaged by UEs operating below 15dBm.
Proposal 3:
· Partial RB allocation in first channel not exceeding -22dBm/27MHz at max power shall be allowed.
· Partial RB and full allocations needing restrictions above 15dBm output power shall meet -22dBm/27MHz.
Table 2: possible optimum band 11 usage in presence of EESS protection requirement

	band 11 UL

	frequency [MHz]

	1427.9
	1432.9
	1437.9
	1442.9

	NB-IoT channels no restrictions
	5MHz no restriction
	5MHz no restriction
	5MHz no restriction

	
	5MHz no restriction
	10MHz no restriction

	NB-IoT channels no restrictions
	Partial RB allocation no restrictions
	5MHz no restriction
	5MHz no restriction
	5MHz no restriction

	
	
	5MHz no restriction
	10MHz no restriction

	Full and partial RB allocation with restrictions
	5MHz no restriction
	5MHz no restriction
	5MHz no restriction

	
	5MHz no restriction
	10MHz no restriction


3. Conclusion
An exhaustive measurement campaign has been performed on a standard B11 PA to determine its behaviour at max power and 15dBm with regards to EESS band protection. From this study the following proposals are made:
Proposal 1:

· Second 5MHz and 10MHz channel shall not have restriction.

· First 5MHz and 10MHz channel shall not have restriction up to 15dBm.

· NB-IoT full RB channels at band 11 edge shall not have restriction.

· Some partial allocation, although not meeting EESS requirements at max power, do not show significant degradations and can be used without restrictions (i.e. partial RB allocations on the first 5MHz with RB start above channel center marked with * in the table). These cases are FFS.
Proposal 2: Partial allocation restriction in first channel should be studied using UL256QAM capable TRX with improved Carrier and Image rejection performance.

Proposal 3:
· Partial RB allocation in first channel not exceeding -22dBm/27MHz at max power shall be allowed

· Partial RB and full allocations needing restrictions above 15dBm output power shall meet -22dBm/27MHz.
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