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1 Introduction
In this follow-up to [1] we continue to discuss a more detailed A-MPR profile in order to minimize the impact on user- and system performance. This may be applied both at the upper and lower edge. 
For protection of narrowband services above the upper edge it has been agreed [2] to

· specify a 851-859 MHz protection range

· specify 2, 6 MHz offset for the initial phase

· consider 1.4, 3, 5, 10, [15] MHz channel B/W for Band 26

which requires one NS value with the standard table approach for A-MPR. 

For protection of narrowband services below the lower edge it has been agreed [3] to use a 

· -42 dBm/6.25 kHz limit for 806–813.5 MHz protection with 0.75 MHz offset for 1.4, 3 and 5 MHz channel BW 

· -42 dBm/6.25 kHz limit for 806–816 MHz protection with 3 MHz offset for 3 and 5 MHz channel BW

· -42 dBm/6.25 kHz limt for 806–816 MHz protection with 8 MHz offset for 5, 10 and 15 MHz channel BW
which requires three NS values with the standard table approach.

In this contribution we consider using an A-MPR profile in terms of the formula depending on the RB staring position and allocation size presented in [1]. This A-MPR profile is flexible and is based on using PUCCH over-provisioning to maintain uplink control channel coverage. Using this approach it is possible to specify

1. flexible offsets in terms of the EARFCN (upper edge only) or the signaled PUCCH resource (depends on the flexible offset)

2. fixed offsets in terms of the EARFCN (for upper edge only) or the signaled PUCCH resource (depends on these fixed offsets), e.g. according to the agreements in [2] and [3]. 

using a single NS value for each of the band edges (the 0.75 MHz offset may require an additional NS value for the smaller E-UTRA bandwidths with small internal guard bands). For conformance testing, the A-MPR should be verified at fixed offsets regardless of approach taken. 

Another advantage of using a formula is that the power back-off may be reduced compared to conventional tables, and it can be devised as a function of the offset. We start by discussing PUCCH over-provisioning, the PUCCH resource (size of PUCCH region) and the relation with the A-MPR profile.
2 PUCCH over-provisioning for carrier at upper edge
In order to maintain uplink control channel coverage we propose to use PUCCH over-provisioning to meet the limits. PUCCH over-provisioning is then used to define regions of A-MPR.
Figure 2.1 shows PUCCH over-provisioning used at the upper edge. foffset is the frequency separation between the upper edge of the E-UTRA channel (nominal bandwidth, e.g. 1.4 MHz) and the protected band 851- 859 MHz, hence foffset depends on the EARFCN, the centre frequency of the E-UTRA carrier.
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Figure 2.1: PUCCH over-provisioning at the upper edge.
The extent of the PUCCH region can be estimated as follows: for a one PRB allocation size, the first RB position (RBstart) for which the 3rd order IM with the IQ image falls just below 851 MHz, and assuming that the emission limit would be exceeded otherwise,
(2.1)
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from the lower edge of the E-UTRA carrier and the upper RB position 
(2.2)      
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from the lower edge of the E-UTRA carrier for bandwidths > 1.4 MHz. The expressions account for a spectral width of the 3rd IM product, and that this should fall below 851 MHz in its entirety. Some exceptions for the smallest bandwidths (1.4 and 3 MHz) and frequency offsets must be made, and the formula do not hold if the 5th order IM exceeds the limit, which may be the case if a more stringent limit than the  -53 dBm/6.25 kHz is specified. It is remarked that PUCCH over-provisioning is not always needed even if Rl > 0, then the 3rd IM falls below the emission limit. 
The frequency offset can be expressed in terms of the EARFCN (NUL):
(2.3)      
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which means that Rl and Ru can be expressed in terms of the EARFCN. 

If the delimiters Rl and Ru of the PUCCH regions are made to define regions of A-MPR just as for Band 13, then the A-MPR profile can be made EARFCN (or foffset) dependent. Then it is possible to define an offset-dependent A-MPR indicated by a single NS value. Figure 2.3 shows three regions defined by the delimiters Rl and Ru.


[image: image5]
Figure 2.3: A-MPR regions based on the PUCCH region.

3
 PUCCH over-provisioning with carrier at the lower edge

For the lower edge, we also use PUCCH over-provisioning in order to maintain uplink control coverage, even if the limit is a more relaxed -42 dBm/6.25kHz and the allowed A-MPR smaller.  EARFCN dependence is not straightforward for the lower edge since the frequency where the protection limit applies can vary. According to (2.1) the number of resource blocks required for PUCCH to make sure that the 3rd order IM with the image falls below the frequency limit of the protected range depends on the E-UTRA bandwidth and the offset. Since the number of resource blocks used for PUCCH (the PUCCH resource) is derived by parameters signaled in SIB1 it would be possible to map the offset to PUCCH resources and then define regions of A-MPR profile in terms of the PUCCH profile (and idea suggested by Nokia at the RAN4 Band 26AH in January). Hence it is possible to configure an offset-dependent A-MPR indicated by one single NS also at the lower edge.

[image: image6]
Figure 3.1: PUCCH over-provisioning at the lower edge.

The extent of the PUCCH region (PUCCH resource) required can be estimated as follows for the lower edge (essentially the same as above): for a one PRB allocation size, the first RB position (RBstart) for which the 3rd order IM with the IQ image falls just below Flimit, and assuming that the emission limit would be exceeded otherwise,

(3.1)
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from the lower edge of the E-UTRA carrier and at the upper edge 
(3.2)      
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from the lower edge of the E-UTRA carrier for bandwidths > 1.4 MHz. For the uplink control channel configuration, the Rl and Ru are determined by the UE using the PUCCH resource parameters signalled in SIB1. The correspondence between different frequency offsets and Rl is shown in Table 3.1.1 for the 3 and 10 MHz bandwidths using (3.1) 

Table 3.1-1: correspondence between Rl and frequency offsets for the 3 and 10 MHz bandwidths.

	foffset [MHz]
	Bandwidth

	
	3 MHz
	10 MHz

	0.75
	4
	15

	1
	3
	14

	2
	2
	13

	3
	0
	11

	8
	0
	1


Ru  is 25 - Rl and 50 - Rl  for the 3 and 10 MHz bandwidths, respectively. The and Rl and Ru as determined by the signalled vales in SIB1 then define regions of A-MPR as shown in Figure 2.3.
This profile may be indicated by a single NS value. Hence

1. The frequency offset used in a particular deployment is mapped to a PUCCH resource required (over-provisioning)

2. The required PUCCH resource is configured in SIB2
3. An NS value that indicates an A-MPR profile depending on the PUCCH resource is configured

Hence the frequency offset need not be mapped to different NS values. However, the 1.4 and 3 MHz cases may need special consideration for the 0.75 MHz offset (and separate NS values).
4
A-MPR profile
Simulations presented in [4] shows that the necessary A-MPR behaviour subject to a -57/53 dBm/6.25kHz limit at the upper edge and the -42 dBm/6.25kHz limit at the lower are symmetric, but the absolute A-MPR values differ. Figure 4.1 shows the case with the protection limit below the band, hence with the largest A-MPR in region A.

[image: image9]
[image: image10]
Figure 4.1: typical A-MPR behavior when PUCCH over-provisioning is needed for small frequency offset (left), and when it is not (right)
In what follows, we assume for simplicity of discussion and modeling that region A is always closest to the protected band, the problem is symmetric.

The underlying mechanisms and the dependence for a given E-UTRA bandwidth are indicated on the left-hand side of Figure 4.2. 

[image: image11]
[image: image12]
Figure 4.2: typical A-MPR behavior when PUCCH over-provisioning is needed for small frequency offset (left), and assumed relation between RB size and AMPR (right).
The A-MPR for 1-2 RB is almost constant for all RBstart and does not depend on the bandwidth due to the IM product, see the left-hand side of Figure 4.3. For the maximum transmission configuration, the A-MPR will decrease with the frequency offset in a bandwidth-dependent way as shown on the right-hand side of Figure 4.3. The impact of spectral re-growth decreases with the frequency offset. The A-MPR for RB sizes in between these two extremes, that is, from about 3-10 PRB up to the maximum configuration NRB, will increase with the size of allocation due to spectral regrowth, but still decrease as the RBstart is increased as the allocated PRB move away from the carrier edge. For moderate sizes, A-MPR = 0 dB if R > Rl (when the allocation starts in Region B, the grey area on the left-hand side of Figure 4.2), where R denotes the RBstart. These are the allocation sizes for which back-off is not needed when over-provisioning is used. Likewise, no back-off is needed for these sizes if no over-provisioning is used as shown on the right-hand size of Figure 4.1. 
One way to model the A-MPR as a function of the RB size, denoted L, is shown on the right-hand side of Figure 4.2 for RBstart = 0. The A-MPR would decrease from a constant B0 (dB) for small allocation (1-3 RB) due to IM, and then go through a transition zone down to a B1, kept constant for smaller PRB sizes, and then increase from a level B2 to a maximum Bm at the maximum transmission configuration. In Figure 4.3, B0 is the constant level (left), Bm is bandwidth dependent and decreases with offset (right). For moderate L, the A-MPR decrease as the RB start R increases, indicated by the dotted lines in Figure 4.2. The magnitude of the A-MPR for these moderate sizes increases with the size of the PUCCH region: back-off is needed for all allocations outside the PUCCH and the effect of spectral regrowth increases for these larger sizes. The maximum size is attained for the PUCCH region is that corresponding to the smallest frequency offset, for which we set Rl = Rlm (the maximum extend of the PUCCH region) according to (3.1).
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[image: image14]
Figure 4.3: Offset (guard-band) dependence for 1 RB (left) and for the maximum transmission configuration (right).
The behaviour shown in Figure 4.1 could be captured in the following way, see Figure 4.4, 
1. The backoff is a constant B0 for RB sizes up to L1 (for the smallest RB allocation due to IM)
2. The backoff is a constant B1 <  B0 for RB sizes up to L2
3. The backoff increases linearly (in dB) from a size L2 to L3 for a fixed RB start (increased effect of spectral regrowth as the allocation size increases)
4. The back-off decreases linearly as a function of RB start R in the region L2 < L3 and is zero for R > Rb  (outside the shaded region in Figure 4.4), where Rb increases linearly with the allocation size L (captures the triangular shape in Figure 4.1) 
5. The back-off for sizes L2 < L3 as a function of R is scaled such that maximum is attained when the PUCCH region has its maximum at Rl = Rlm at the smallest offset (2 MHz at the upper edge)
6. The back-off for sizes L > L3 decreases linearly as a function of RB start R (smaller back-off when the PRB allocation is further away from the edge).
Note that A-MPR = 0 dB if B1 = Bm = 0 dB (no backoff at maximum allocation) and no PUCCH over-provisioning.
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Figure 4.4: parameters for the A-MPR model.
The above can be captured in the following equation for the A-MPR in dB scale, with f indicating a dependence on the frequency offset,
(4.1)
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where Rb delimiting the region in between L2 to L3 is defined as
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The A-MPR ≥ 0 in (4.1) and the A-MPR should be rounded up to the nearest integer (not shown above to keep clarity). 

We have assumed thus far that the protected band is below Region A for simplicity, but the model above can easily be modified to cover the case above Region C (the upper edge) by replacing R with (NRB-1) – R in (4.1).
The dependence on the EARFCN for the upper edge is via the frequency offset f. The smallest bandwidth needs special consideration but the same basic behaviour can be assumed.
We have not considered the impact of the counter IM3 above: this could be modelled by assuming a constant back-off for small allocations for RB start R > Ru with Ru given by (2.2). The CIM3 response is symmetric by nature so the Region A and Region C should be of equal size. For the -42 dBm/6.25 kHz emission limit the CIM3 will generate emissions product exceeding the limit, and the general behaviour will be as shown in Figure 4.5 (the protected region again below Region A).

[image: image18]
Figure 4.5: behaviour for the looser -42 dBm/6.25kHz limit.
A numerical example: Figure 4.6 shows the A-MPR for a 15 MHz carrier at foffset = 2 MHz (f) with a -53 dBm/6.25kHz protection limit, with an assumed modulator performance of 28 dBc.
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Figure 4.6: simulated results for a 15 MHz carrier at 2 MHz offset.
The corresponding model for this case using (4.1) is shown in Figure 4.7 devised such that the A-MPR should be sufficient (parameters not optimized).
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Figure 4.7: the A-MPR profile for a 15 MHz carrier at 2 MHz offset (CIM3 not shown).
The advantage of a more detailed model – at the expense of making proper parameterizations – is that the A-MPR is zero for many allocation or limited, which has a lesser impact on the user- and system capacity. The excess A-MPR, the difference between model and simulation, is shown in Figure 4.8 (the effect of CIM3 is not included, hence the deviation at the left-hand side corner).
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Figure 4.8: excess A-MPR using (3.1) with rounding to nearest integer.
It may also be possible to devise the EARFCN dependence or at least a more refined A-MPR profile should fixed offsets of e.g. 2 and 6 MHz offset be chosen. 
5
The A-MPR profile in the specification

The A-MPR profile above could be specified as follows for the reduced set of NS values assuming a flexible A-MPR profile at the upper and lower edge. Starting with the former, we first we first replace R in (4.1) by NRB – R since the protected band is above Region C (symmetry). The CIM3 is then present in Region A for R <  Rl when PUCCH over-provisioning is used. For CIM3 we assume a constant back-off for L < L1. The region C is defined by R > Ru.
For the lower edge, A-MPR for CIM3 may not be needed (assumed here). The size of the Region A (in R <  Rl) is determined by the PUCCH resource signaled in SIB1.
For the upper edge, the single NS-value NS_x1 can either cover
· a variable offset by using EARFCN numbers (all offsets > 2 MHz can be covered)

· fixed 2 and 6 MHz offsets (the EARFCN ranges corresponding to these two fixed offsets can then be given).
Alternatively, the PUCCH resource signaled in SIB1 can be used, just as for the lower edge. Fixed 2 and 6 MHz offsets are used in the example below.
For the lower edge, the single NS-value NS_x2 can either cover

· a variable offset by using the PUCCH resource signaled in SIB1 
· fixed offsets as determined by fixed values of the PUCCH resource (e.g. the offsets for the agreements in []).
Fixed 3 and 8 MHz offsets are used as examples below.

The case for which no PUCCH over-provisioning is needed could also be covered by NS_x2. In this case, a moderate A-MPR is only needed for the largest allocation sizes and it may be sufficient to use one single profile for each bandwidth that is not depending on the offset. This case is also covered in the table for NS_x2 below.
An additional NS value NS_x3 may be needed for the smallest for the 0.75 MHz offset.
Table 6.2.4-5: A-MPR for NS_11

	Channel Bandwidth
	Parameters


	3
	Fc (MHz)
	<2004
	≥2004
	

	
	L_CRB (RBs)
	1-15
	>5
	

	
	A-MPR
	≤5
	≤ 1
	

	5
	Fc (MHz)
	<2004
	2004 ≤ Fc <2007
	≥2007

	
	L_CRB (RBs)
	1-25
	1-6 & 15-25
	8-12
	>6

	
	A-MPR
	≤7
	≤ 4
	0
	≤ 1

	10
	Fc (MHz)
	2005

	
	RB_start (RBs)
	0-49

	
	L_CRB (RBs)
	1-50

	
	A-MPR
	≤ 12


Table 6.2.4-6: A-MPR for NS_x1 (upper edge) 
	LCRB
[PRB]
	U (Note 1)
[dB]
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	Note 1:
The allowed A-MPR is given by 
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Note 2:
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Note 3:
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Table 6.2.4-6A: Parameters for NS_x1
	3 MHz

	Parameter
	Unit
	[EARFCN range or PUCCH resource corresponding to 2 MHz offset]
	[EARFCN range or PUCCH resource corresponding to 6 MHz offset]

	B0
	dB
	
	

	B1
	dB
	
	

	B2
	dB
	
	

	Bm
	dB
	
	

	L1
	PRB
	
	

	L2
	PRB
	
	

	L3
	PRB
	
	

	[Rlm]
	
	
	

	5 MHz

	Parameter
	Unit
	[EARFCN range or PUCCH resource corresponding to 2 MHz offset]
	EARFCN range or PUCCH resource corresponding to 6 MHz offset]

	B0
	dB
	
	

	B1
	dB
	
	

	B2
	dB
	
	

	Bm
	dB
	
	

	L1
	PRB
	
	

	L2
	PRB
	
	

	L3
	PRB
	
	

	[Rlm]
	
	
	

	etc


< the EARFCN range can be two ranges corresponding to 2 and 6 MHz offsets, or continuous if feasible >

Table 6.2.4-7: A-MPR for NS_x2 (lower edge) 

	LCRB
[PRB]
	U (Note 1) 
[dB]
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	Note 1:
The allowed A-MPR is given by 
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Note 2:
[
[image: image47.wmf]l

R

 is obtained from the PUCCH resource signalled in SIB1]
Note 3:
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Table 6.2.4-7A: Parameters for NS_x2
	3 MHz

	Parameter
	Unit
	[PUCCH resource corresponding to 3 MHz offset]
	[PUCCH resource corresponding to 8 MHz offset]
	[Values for no PUCCH over-provisioning]

	B0
	dB
	
	
	

	B1
	dB
	
	
	

	B2
	dB
	
	
	

	Bm
	dB
	
	
	

	L1
	PRB
	
	
	

	L2
	PRB
	
	
	

	L3
	PRB
	
	
	

	[Rlm]
	
	
	
	

	5 MHz

	Parameter
	Unit
	[PUCCH resource corresponding to 3 MHz offset]
	[PUCCH resource corresponding to 8 MHz offset]
	[Values for no PUCCH over-provisioning]

	B0
	dB
	
	
	

	B1
	dB
	
	
	

	B2
	dB
	
	
	

	Bm
	dB
	
	
	

	L1
	PRB
	
	
	

	L2
	PRB
	
	
	

	L3
	PRB
	
	
	

	[Rlm]
	
	
	
	

	etc


Table 6.2.4-8: Parameters for NS_x3 [the 0.75 MHz offset]
	1.4 MHz

	Parameter
	Unit
	Value

	B0
	dB
	

	B1
	dB
	

	B2
	dB
	

	Bm
	dB
	

	L1
	PRB
	

	L2
	PRB
	

	L3
	PRB
	

	[Rl]
	
	

	3 MHz

	Parameter
	Unit
	Value

	B0
	dB
	

	B1
	dB
	

	B2
	dB
	

	Bm
	dB
	

	L1
	PRB
	

	L2
	PRB
	

	L3
	PRB
	

	[Rl]
	
	


For the UE maximum output power modified by A-MPR, the power limits specified in subclause 6.2.5 apply.
For a flexible offset, then the parameters above may be functions of the EARFCN or the size of the PUCCH region with over-dimensioning.
6
Way forward for specifying NS values and A-MPR
It has been agreed to use the “conventional table approach” for A-MPR for the first version of the Band 26 specification. 

For the upper edge, only one NS value, NS_x1, is specified: the tables used for the 2 and 6 MHz could be replaced by the formulas discussed above (as captured in Table 6.2.4-7 above). 
For the lower edge, several NS values have to be defined to cover the different offsets 0.75 MHz, 3 MHz and 8 MHz using the conventional approach. This set of values may be reduced to one (NS_x2 above) or two values if the formula approach is used. From a specification standpoint, it should not be problem to change the NS definitions as part of maintenance. 
The formula approach allows a dependence on the frequency offset (or a set of fixed offsets), and the number of NS values can be reduced. 
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