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1 Background
For Band 7 and Band 38 coexistence, the ETSI Harmonised Standard (HS) in force mandates that the unwanted emissions, thus including out-of-band emissions, do not exceed a -15.5 dBm/5MHz limit in the victim band except for the restricted block in Band 38. Normally the ETSI HS follows the 3GPP specifications, but in this instance we propose to do the converse, at least for the out-of-band emissions.

Introducing A-MPR is no option, and changing the worst-case assumptions for the UE transmitter for these bands in particular is not justified, which leaves a reduction of the allocation size or the power by means of P-Max for the outermost channels. A restriction in the 3GPP specifications does not necessitate any changes to the HS if limits are unchanged for the test procedure in the HS only makes reference to ETSI TS 136 521-1 that follows the 36.521-1. But in the end we propose not to make any restrictions since the worst-case results are on the verge of the limit and the system impacts of the restrictions significant. 
We do propose that the emissions limit can be tighter than the ETSI HS in the upper part of the victim band. The same emissions requirements must apply for intra-band aggregation in Band 7 and Band 38, and sufficient rejection of emissions from aggregated channels should be ensured for Rel-11 operation. Deployment in the restricted block 2615-2620 MHz should also be possible and a requirement is needed to make the specification complete; a power restriction has to be applied then.
2 Power restriction by P-Max
The maximum power could be capped by using the P-Max IE thus applicable for all mobiles in a cell. This applies for all allocations; there is no relation between the allocation and the output power like for A-MPR. 

The reduction needed to meet the -15.5 dBm/MHz is marginal. We assume the standard assumptions on the transmitter, minimum requirements for IQ image and LO leakage of 25 dBc, a mixer non-linearity CIM3 = 60 dBc and with the PA calibrated such that UTRAACLR1 = 33 dB. Results are shown in Table 1 for the 15 and 20 MHz bandwidths with various allocations as close as possible to the victim at maximum power with MPR applied. We assume a measurement bandwidth MBW = 5 MHz centered at FDL_high + (n+1/2)·MBW MHz with the assigned E-UTRA channel at the upper band edge, but without account for any additional rejection by a duplexer or RF filter. For a Band 7 aggressor assigned up 2570 MHz the results apply from a 2.5 MHz centre frequency, whereas for a Band 38 aggressor in 2570-2615 MHz the results apply from a 7.5 MHz centre frequency, which corresponds to emissions above 2620 MHz.
Table 1: UE emissions for different bandwidths without A-MPR
	E-UTRA bandwidth
	RB allocation size
	Output power [dBm]
	Emission within MBW at measurement centre frequency [dBm]

	
	
	
	2.5  MHz
	7.5 MHz
	12.5 MHz
	17.5 MHz

	15
	75
	22
	-11.8
	-15.1
	-18.6
	-26.4

	20
	100
	22
	-12.8
	-15.0
	-17.5
	-20.5

	20
	1
	23
	-26.1
	-16.8
	-15.1
	-47.3

	20
	10
	23
	-15.9
	-20.2
	-15.4
	-32.0

	20
	18
	23
	-7.7
	-18.2
	-16.1
	-26.4


The -15.5 dBm/5MHz limit is exceeded with full allocation even with a 5 MHz restricted block (the 7.5 MHz offset). Full allocation is the default transmission configuration for the emissions test, but the limit is also exceeded for smaller allocations down to 1 RB. We observe that 

· for the 15 MHz channel at +22 dBm (maximum power), the requirement is exceeded for an offset of 7.5 MHz, hence maximum power can only be used if the 15 MHz channel is offset -5 MHz or more further the upper edge

· for the 20 MHz channel at maximum power, the requirement is exceeded for an offset of 12.5 MHz, hence maximum power can only be used if the 20 MHz channel is offset more than -10 MHz or further from the upper edge

Otherwise, the power must be reduced, a 1 dB power reduction is sufficient. Hence,  

· a 15 MHz channel assigned in the upper 20 MHz in the victim band, i.e. the range 2550-2570 MHz or 2595-2615 MHz, should be limited to +21 dBm (any allocation),
· a 20 MHz channel assigned in the upper 30 MHz in the victim band, i.e. the range 2540-2570 MHz or 2585-2615 MHz, should be limited to +21 dBm (any allocation).
The +21 dBm power limit would be a severe restriction with system impacts. 
3 Restriction on allocation
Alternatively, a hard limit on the maximum uplink allocation could be applied, but the problem is that already small allocations can exceed the -15.5 dBm/5MHz limit as evident in Table 1. Table 2 shows the results for large allocations of varying size with the same assumptions on the transmitter as above. Note that there is a certain statistical variation; the results are accurate down to a few tenths of dB. The variability of the results for the 7.5 MHz offset approximately within ±0.5 dB of the emission limit going from 50 PRB to full allocation. 
A -15 dBm/5MHz requirement at 7.5 MHz offset essentially means that 

UTRA_ACLR2 < 22 dBm – [-15.5dBm/5 MHz + 10log10(3.84MHz/5MHz)] = 38.5 dBc,

a 2.5 dB margin to the minimum requirement that would correspond to a -13 dBm/5MHz limit. Now, UTRA_ACLR2 is not always dimensioning. 
Table 2: UE emissions for different bandwidths for larger allocations
	E-UTRA bandwidth
	RB allocation size
	Output power [dBm]
	Emission within MBW at measurement centre frequency [dBm]

	
	
	
	2.5  MHz
	7.5 MHz
	12.5 MHz

	15
	50
	22
	-10.6
	-16.0
	-25.2

	15
	54
	22
	-10.7
	-15.5
	-24.7

	15
	60
	22
	-11.3
	-15.2
	-23.8

	15
	64
	22
	-11.3
	-15.1
	-21.7

	15
	72
	22
	-11.5
	-15.0
	-19.1

	15
	75
	22
	-11.5
	-15.0
	-18.6

	
	
	
	
	
	

	20
	50
	22
	-10.9
	-15.9
	-24.0

	20
	54
	22
	-11.0
	-15.5
	-23.9

	20
	60
	22
	-11.1
	-15.1
	-23.4

	20
	64
	22
	-11.3
	-15.0
	-21.8

	20
	72
	22
	-11.6
	-15.1
	-19.2

	20
	80
	22
	-11.7
	-14.9
	-18.1

	20
	90
	22
	-12.2
	-14.8
	-17.3

	20
	100
	22
	-12.4
	-14.8
	-17.4


The simulations indicate that allocations around 50 PRB meet the limit. However, putting a hard limit on the maximum PRB allocation will have system impacts for it applies at all power levels (unlike A-MPR), and it is not certain it is effective for all implementations since lower allocation can also exceed the limit. The results are also sensitive to the PA model used.
What to do? For the worst-case transmitter assumed, the variability of the results at 7.5 MHz offset is within 1 dB around the limit for all allocations above 50 PRB, and for a typical device the margin to the limit will be small if any. Restricting the maximum uplink allocation to 50 PRB will give a performance penalty, it may be better not to restrict the maximum allocation this stage since the worst-case results are on the verge. Moreover, a restriction of the allocation in the uplink scheduling would always be in force whether or not there is an actual network deployment in the adjacent block of the protected band.
Should it turn out during conformance testing that devices in the field do not pass the limit, a change of the limits in the 3GPP specifications and the ETSI HS should be considered if the modification needed is as small as suggested by the simulation result. 
4 Operation in the restricted block in Band 38

Deployment in the restricted block 2615-2620 MHz should also be considered in order to make the specification complete, although operation according to the ECC regulatory limits in Europe does not allow use of this block. For protection of Band 7 the same limits should apply also for operation in the restricted block. Here we have to use a power restriction by P-Max that should apply for all possible transmissions in this restricted block:
1. for Band 38 transmissions on E-UTRA carriers overlapping the frequency range 2615-2620 MHz the requirements above apply with the maximum output power configured to FFS dBm in the IE P-Max.

This would also be consistent with the Commission Decision [3] (an excerpt is provided in Annex A).

5 Additional rejection in upper part of victim band
Front-end filters supply additional rejection in the upper part of the victim bands, although very limited at the problematic 7.5 MHz offset discussed above (but a single dB can make the difference). The Band 7 TX duplexer will always supply additional rejection of emissions into the upper part of Band 38, but there is no requirement on any Band 38 front-end filter that would limit the emissions into the upper part of Band 7 RX.  For intra-band carrier aggregation, in particular, additional filter rejection will be beneficial to reduce actual emissions into the victim band. 

For protection of Band 7 from Band 38 emissions, we propose to create a “filter mask” for TDD by asking that the spurious emissions requirement is tighter in the upper part of Band 7 RX, in particular, we apply 
1. -15.5 dBm/5MHz in the lower 30 MHz of Band 7 RX
2. -40 dBm/MHz in the upper 40 MHz of Band 7 RX (additional rejection > 10 dB)
A simulated filter response of a Band 38 FBAR filter over a -15C to 85C temperature range is shown in Figure 1, and the response at 25C within the Band 7 receive band in Figure 2. Hence for this filter significant attenuation is met above 2635 MHz, which would even allow compliance with the standard -50 dBm/MHz limit. 
[image: image1.emf]
Figure 1: a Band 38 FBAR implementation (simulated data).

[image: image2.emf]
Figure 2: the Band 38 filter response across Band 7 at 25C.
SAW filter implementations will not achieve the same performance at 2.6 GHz. To allow multiple technologies for minimum requirements the tighter emission requirement above is applied 30 MHz above the upper Band 38 band limit; additional rejection by the RF filter will still be supplied, and the penalty on the passband loss is reduced.
For protection of Band 38 from Band 7 emissions the duplexer will provide rejection in parts of the victim band, but the aggressor passband is wider and filter is also constrained by a rejection requirement in the ISM band. We therefore propose a cut-off frequency at 40 MHz offset from the aggressor edge:
1. -15.5 dBm/5MHz in the lower 40 MHz of Band 38 (except the first 5 MHz)
2. -40 dBm/MHz in the upper 10 MHz of Band 7 RX
Filter traces for a Band 7 FBAR duplexer at ambient temperature is shown in Figure 3. 
[image: image3.emf]
Figure 3: Band 7 filter response across Band 7 at 25C.
6 Proposed unwanted emissions limits and restrictions
We propose to adopt the limits of the ETSI HS in the lower parts of the victim bands, but without restrictions other than operation in the restricted block:
1. for Band 38 transmissions on E-UTRA carriers overlapping the frequency range 2615-2620 MHz the requirements apply with the maximum output power configured to FFS dBm in the IE P-Max. No restrictions apply for E-UTRA carriers confined within 2570-2615 MHz.
The necessary changes are shown in the Table 2. 
Table 2: Requirements

	E-UTRA  Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Comment

	…
	
	
	
	
	
	
	

	7
	E-UTRA Band 1, 3, 7, 8, 20, 33, 34, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	2570
	- 
	2575
	+1.6
	5
	

	
	Frequency range
	2575
	
	2610
	-15.5
	5
	

	
	Frequency range
	2610
	
	2620
	-40
	1
	

	…
	
	
	
	
	
	
	

	38
	E-UTRA Band 1,3, 8, 20, 33, 34, 42, 43
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	2620 
	-
	2650
	-15.5
	5
	Note13

	
	Frequency range
	2650
	-
	2690
	-40
	1
	

	Note 3
To meet these requirements some restriction will be needed for either the operating band or protected band
[…]
Note 13
For transmissions on E-UTRA carriers overlapping the frequency range 2615-2620 MHz the requirements apply with the maximum output power configured to FFS dBm in the IE P-Max. No restrictions apply for E-UTRA carriers confined within 2570-2615 MHz.



These proposed changes are implemented in a Rel-8 CR [2] and in the later releases. Note that the limits are tighter than the ETSI HS outside the OOB region. Should it turns out during conformance testing that devices in the field do not pass the limit in the OOB region with reasonable requirements on transmitter linearity (power consumption), then a change of the limits in the 3GPP specifications and the ETSI HS should be considered if the modification needed is small and thus not degrading further the compatibility with the adjacent band. 
The main problem is not a small modification of the ETSI HS limits and a public consultation, but rather if -15.5 dBm/5MHz is sufficient for ensuring compatibility with the adjacent band.
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Annex A: excerpt from the Commission Decision on 2.6 GHz compatibility
The Commission Decision 2008/477/EC states the following:
Art (8): To achieve compatibility a separation of 5 MHz is needed between the edges of spectrum blocks used for unrestricted TDD (time division duplex) and FDD operation (frequency division duplex) or in the case of two unsynchronised networks operating in TDD mode. Such separation should be achieved by either leaving these 5 MHz blocks unused as guard blocks; or through usage that complies with parameters of the restricted BEM when adjacent to an FDD (uplink) or between two TDD blocks; or through usage that complies with parameters of either restricted or unrestricted BEMs when adjacent to an FDD (downlink) block. Any usage of a 5 MHz guard block is subject to an increased risk of interference. 































































































































































































































































































































































