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1 Introduction
In their reply to RAN4 [1], RAN1 commented that the two options for alleviating unwanted emission into adjacent bands;
· Option 1: over-provisioned PUCCH 

· Option 3: reduced uplink bandwidth and asymmetric PUCCH location by means of variable duplex
make use of the existing options on the Rel-8 standards. In this paper we focus on provisions for Option 1 in Band 13, but also consider both options in a more general context. The Option 3 is also revisited, it could provide an alternative in some deployment scenarios; the choice between these two Rel-8 options may depend on the required protection of an adjacent band. 
In particular, we propose a specification of A-MPR that covers the features of Option 1 for Band 13. 
2 Brief recall

Option 1: by increasing the PUCCH Format 2 region governed by the cell-specific parameter
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, PUCCH transmission can be moved symmetrically towards the carrier frequency away from the channel band edges (see [2] for notation and more details). 

[image: image2.emf] 

2 /

) 2 (

RB

N

 

f f

l

   

l

f

 

c

f

 

f f

l

   

UL

RB

N

 

f f

l

 

2

 

Figure 1: increasing the Format 2 region so 3rd order product fall inside the aggressor bandwidth.
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 is chosen such that the strong 3rd order product falls inside just at the edge of the own channel (the aggressor band), whence the weaker 5th order products will be the dominating PUCCH and LO IM components in the victim band (PS for Band 13). 

Use of PUSCH (outside PUCCH) in the over-dimensioned Format 2 region is not precluded by the standard, at least not for non-FH PUSCH. It should be remarked that PUSCH transmission overlapping the PUCCH Format 1 regions may increase the inter-cell interference and could be detrimental to PUCCH A/N performance (note that the configurations are cell specific and would apply to all other intra-frequency cells). If PUSCH is scheduled inside the Format 1 region, then the uplink capacity and performance is reduced to 1/3 of the full bandwidth case. 

The power of any transmission at or within the Format 1 can be made using a moderate backoff of 2-4 dB, while still satisfying stringent Public Safety criteria down of about -45 dBm/100kHz (a 22 dB margin to the FCC emission criterion of -35 dBm/6.25kHz), but any PUSCH transmission outside this region must be at significantly reduced power if margins much larger than 10 dB are required (in view of the notorious FCC Part 27.64). 
Controlling the UE output power at low levels is challenging due to inaccuracies: the network can control the output power to some degree by e.g. path loss estimates and power headroom reports, the UE power absolute accuracy is not good and the relative limited. This inaccuracy should be manageable from an LTE intra-system view, but may cause problems for UE-UE coexistence since the LTE UE power may still transmit higher than desired. Notice that the parameter P_MAX cannot be used in this case, for it is cell specific. 
If allowed PS emissions levels are higher, of the order -40 dBm/100kHz and larger, then the power can be increased to levels where the power accuracy is better. 
The provision in TS 36.101 to be able to meet stringent spurious (unwanted if also OOB) emission requirements in adjacent bands is A-MPR, which is an allowed power reduction but not an upper bound on the output power for all UEs per se. It can nevertheless give a general indication of the possible output power for PUSCH under a tight unwanted emission constraint. 
Next we look at possible ways for specifying A-MPR for Band 13 in order to meet tight PS emission requirements. 
3 A-MPR proposal for Band 13

First we assume that the PS emission level is tight: down to -50 dBm/100 kHz (27 dB margin to the FCC requirement). One easy way is of course to allow a large A-MPR exceeding 10 dB for any allocation which would likely be sufficient to meet the emission requirement. However, this would not ensure that transmissions (PUCCH in particular) inside the Format 1 region of Option 1 can be made at sufficiently high power needed to maintain the UL link budget – this is the whole idea behind Option 1. 
It is therefore proposed that the A-MPR is specified in the following way (Band 13 specific)
· an allocation ≤ 25 RB inside a 4.5 MHz region centred on the uplink carrier frequency is allowed a small backoff

· any other allocation (e.g. 50 RB overlapping Format 1/2 ignoring possible A/N issues, or a 10 RB PUSCH outside Format 1) is allowed a larger power reduction
A single number applies for the second bullet, which reasonable in view of the expected UE power accuracy. Note that we may configure a slightly larger Format Region 1 in this case (4.5 MHz rather than the expected reduction to about a 3rd of the bandwidth) due to the 2 MHz guard band to PS.
Table 1 shows a proposed update of the A-MPR Table 6.2.4-1 of TS 36.101. The 5 MHz bandwidth (and narrower) can be specified similarly.
Table 1 (Table 6.2.4-1): Additional Maximum Power Reduction (A-MPR) / Spectrum Emission requirements
	Network Signalling value
	Requirements (sub-clause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks
	A-MPR (dB)

	NS_01
	-
	-
	-
	
	

	NS_02
	6.6.2.4.1
6.6.3.3.1
	1, 6, 9, 11
	10
	> 42
	≤ 1

	
	
	
	15
	> 44
	≤ 1

	
	
	
	20
	> 48
	≤ 1

	NS_03
	6.6.2.2.1
	2, 4,10, 35, 36
	3
	>5 
	≤ 1

	
	6.6.2.2.1
	2, 4,10, 35,36
	5
	>6
	≤ 1

	
	6.6.2.2.1
	2, 4,10, 35,36
	10
	>6
	≤ 1

	
	6.6.2.2.1
	2, 4,10,35,36
	15
	>8
	≤ 1

	
	6.6.2.2.1
	2, 4,10,35, 36
	20
	>10
	≤ 1

	NS_04
	6.6.2.2.2
	TBD
	TBD
	TBD
	

	NS_05
	6.6.3.3.1
	12
	10,15,20
	≥ 50 for QPSK
	≤ 1

	NS_06
	6.6.2.2.3
	13, 14
	1.4, 3, 5, 10
	n/a
	n/a

	NS_07
..
	6.6.3.2
	13
	10
	≤ 25 RB within 4.5 MHz centred on carrier frequency
	≤ [2-5]

	
	
	
	
	Any other ≤ 50 RB
	≤ [5-10]

	
	
	
	5
	[Similar]
	

	
	
	
	
	
	

	NS_32
	-
	-
	-
	-
	-

	Note:
0 ≤A-MPR ≤ 3

Note2: Applicable when the edge of the assigned E-UTRA UL channel bandwidth frequency is larger than or equal to 1920MHz + the Channel BW assigned. Operations below this point are for further study.


If the emission limit is higher, up to about -40 dBm/100kHz, it may be possible to transmit in the central 4.5 MHz region without additional backoff (MPR would still apply for some allocations). Then the A-MPR specification would be
· any allocation ≤ 50 RB outside a 4.5 MHz region centred on the uplink carrier frequency is allowed a backoff

· transmission inside the 4.5 MHz region (that is ≤ 25 RB) has A-MPR = 0 dB.
This is shown in Table 2. Note that all numbers are only indicative.
Table 2 (Table 6.2.4-1): Additional Maximum Power Reduction (A-MPR) / Spectrum Emission requirements
	Network Signalling value
	Requirements (sub-clause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks
	A-MPR (dB)

	NS_01
	-
	-
	-
	
	

	..
	
	
	
	
	

	NS_06
	6.6.2.2.3
	13, 14
	1.4, 3, 5, 10
	n/a
	n/a

	NS_07
	6.6.3.2
	13
	10
	Any allocation ≤ 50 RB outside 4.5 MHz centred on carrier frequency
	≤ [3-5]

	..
	
	
	
	
	

	NS_32
	-
	-
	-
	-
	-

	Note:
0 ≤A-MPR ≤ 3

Note2: Applicable when the edge of the assigned E-UTRA UL channel bandwidth frequency is larger than or equal to 1920MHz + the Channel BW assigned. Operations below this point are for further study.


If -33 dBm/100kHz is acceptable (10 dB margin to FCC), then a 2-3 dB A-MPR is sufficient for any allocation within the full 10 MHz bandwidth; a CR is provided in [3].  

Note that the approach above would also allow Option 3; it applies to the 5 MHz at an augmented TX/RX separation, but the formulation is general enough to allow this also within the 10 MHz provisions.
4      Option 3 revisited
Figure 2 shows Option 3 which is an asymmetric shift of PUCCH by means of variable duplex, but PUSCH cannot be scheduled outside the PUCCH region here. In general, subject to a tight unwanted emission requirement just outside the operating channel (band) with no guard band, we note that

for transmissions solely confined inside Format 1 region, the reduction of bandwidth is (approximately) 1/2 compared to 2/3 for Option 1, 
not all RB allocation sizes are possible. However, if the emission requirement is less stringent, PUSCH can be scheduled outside PUCCH Format 1 at higher UE output powers, which will increase system capacity using Option 1. The choice between Option 1 or 3 may thus depend on the unwanted emission requirement in the adjacent band.
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Figure 2: shifting the uplink carrier frequency slightly so that products fall inside the aggressor bandwidth.

High-power PUSCH transmission at lower bandwidths has lower spectral re-growth outside the operating channel as evident in Figures 3 (Option 3 assuming 5 MHz bandwidth) and 4 (Option 1 in 10 MHz bandwidth). Results are shown for 1 dB and 2 dB MPR assuming 20 RB QPSK transmission (hence no A-MPR for 22 dBm results). Notice that it is possible to meet requirements down to -50 dBm/100kHz using Option 3 in this case.
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Figure 3: Option 3 with 20 RB allocation.
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Figure 4: Option 1 with 20 RB allocation (10 MHz bandwidth).

Option 3 may thus be a safe alternative for stringent emission requirements; it would still allow uplink transmission at high power (e.g. cell edge) in a bandwidth that is 50% of the downlink bandwidth. It is also slightly better for PUCCH emission, see [2].
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