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1 Introduction
The additional spurious (unwanted) emission limit for PS has now been specified at -60 dBm/6.25kHz for 10 MHz bandwidth, and a table with TBD for A-MPR has been introduced in [1]. The limit will require use of over-provisioned PUCCH and large A-MPR (power backoff) for allocations in certain parts of the Band 13 uplink bandwidth. Inevitably, this reduction of power means that the uplink capacity may be reduced, particularly for larger cells, but the impact may be reduced by the fact that UEs with large path loss could be scheduled in the central part, and scheduling at lower power outside the PUCCH is possible (also across PUCCH to achieve peak rates). 
The A-MPR table should not be too detailed for in practice, it is difficult for the network to control the UE output power and a detailed table may then only put undue constraints on scheduling which is not 3GPP practice. Notwithstanding, allowing large A-MPR in some bandwidths parts will still decrease the likelihood of interference to Public Safety (PS). In this contribution we look at a possible way of specifying the table with a view too keep it simple, while still make provisions for a UE to pass the NS_07 test case with a limit of -60 dBm/6.25kHz.   

First we take a look at the required A-MPR for one particular implementation.
2 A-MPR for over-dimensioned PUCCH
The notion “Over-dimensioned PUCCH” refers to increasing the PUCCH Format 2 region governed by the cell-specific parameter
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, thereby moving PUCCH allocation symmetrically towards the carrier frequency away from the channel band edges.
[image: image2.wmf])

2

(

RB

N

 is chosen such that the strong 3rd order intermodulation product with the image falls inside or just at the edge of the own channel, see Figure 1. 
This gives rise to three “regions” of allocation shown in Figure 1: in this contribution we assume that A and C constitute the Format 2 regions (or blanking regions) and B that contains PUCCH. However, PUSCH can still be allocated in these regions, and also across regions if some care to avoid A/N interference problems is taken (see [2] for more details).  
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Figure 1: increasing the Format 2 region so 3rd order product fall inside the aggressor bandwidth.

Using this partition of the channel bandwidth, the required A-MPR (excluding MPR) for a typical PA implementation is shown in Figure 2 for a 10 MHz bandwidth. A blanking region (A) of 15 RB has been assumed to accommodate up to 3 x 5 RB allocations, but could be reduced to 13 RB for the 10 MHz case.
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Figure 2: A-MPR for 15 RB blanking region (MPR not included)
The basic mechanisms for unwanted emission into PS are for allocations in
· Region A (and extending into B + C)

· For small RB allocations (at high PSD) peak emission components caused by LO and image intermodulation (this is why the potentially high-power PUCCH was moved in the first place)

· For large allocation: spectral growth, relatively constant A-MPR (since PSD decreases with allocation size)
· Region B (and extending into C)

· Still some small backoff for 1 RB and then a gradual increase for larger allocations due to spectral regrowth

· Region C only

· Largest A-MPR for upper 1 RB allocations due to intermodulation with the LO and image components (3 dB backoff for the red curve)

· Otherwise small backoff since PSD decrease, and spectral regrowth no problem for PS since large frequency separation

Now, in order not to penalize uplink capacity (particularly for large cell deployments where higher UE power is needed from the LTE intra-system perspective, leaving the PS coexistence aside), the A-MPR should of course be as small as possible. However, the emission limit of -60 dBm/6.25kHz for PS protection necessitates large A-MPR for some allocations, e.g. starting in Region A, the blanking region. The unwanted emission of the UE is still not necessarily sufficiently low due to the tolerance of the output power at low levels. 
3 Controlling output power at low levels
Controlling the UE output power at low levels is challenging due to inaccuracies as discussed in [2]: the network can control the output power to some degree by e.g. path loss estimates and power headroom reports, but the error of the path loss estimates can be large and the UE power absolute accuracy is poorer at lower power levels, e.g. large A-MPR. This inaccuracy should be manageable from an LTE intra-system view for aggregation of interference, but may cause problems for UE-UE coexistence since the LTE UE power may still transmit higher (or lower) than desired, particularly at lower power levels. Notice that the parameter P_MAX cannot be used to control a particular UE power for it is cell specific. 

Given that the network has path loss estimates to some degree of accuracy, what is the likelihood that a UE thus scheduled in the blanking region will not exceed the expected output power anyway? 
Table 1 shows the typical tolerance for nominal output powers lower than the maximum for power class 3, the values quoted are for the configured output power but are similar for a UE at the corresponding power back-off.
Table 1: PCMAX tolerance for Power Class 3
	PCMAX [dBm]
	Tolerance [dB]

	
	Normal
	Extreme

	23
	(2.0
	(2.0

	22
	+3/-4
	+3/-6.5

	21
	+4/-4.5
	+4/-7.0

	20
	(5
	+5/-7.5

	19
	(5.5
	+6/-8

	18
	(5.5
	+7/-8

	13 ≤ PCMAX < 18
	(5.5
	(8

	8 ≤ PCMAX < 13
	(6.5
	(9

	3 ≤ PCMAX < 8
	(7.5
	(10

	-40 ≤ PCMAX < 3
	(8.5
	(11.5


The inaccuracy at lower levels gives an indication of the actual absolute level, particularly after transmission gaps. The tolerance can be viewed as the percentile (e.g. for Gaussian the requisite number of ) of a distribution centered on the nominal output power with due MPR. Hence a UE scheduled in the blanking region A at a high A-MPR can have a large power error.
Notwithstanding the problems for the network to control the UE output power, the likelihood of interference will still decrease with large backoffs are applied. However, a detailed table for allocation at large backoffs may not be useful in view of the inaccuracies; it would merely put de facto limitations on scheduling that is not practice in 3GPP specifications. Furthermore, larger confidence could be achieved if the tolerance for power lower than maximum is added to the A-MPR value, but this would lead to large capacity losses, and the -60 dBm/6.25kHz unwanted emission requirement is already 25 dB below the FCC spurious emission limit.
4 Framework for A-MPR proposal for Band 13

The current table of A-MPR for NS_07 looks like:
Table 6.2.4-2: A-MPR for “NS07”

	 
	Region A
	Region B
	Region C

	[RB_start]
	TBD
	TBD
	TBD

	[Max. L_CRBs] 
	TBD
	TBD
	TBD

	 A-MPR (dB)
	TBD
	TBD
	TBD


In view of the output power control problems, the level of detail in the table should be minimized whilst still giving sufficient confidence of protection of the PS band in an actual deployment, and the A-MPR allowed must of course be such that the UE can pass the test requirements against the -60 dBm/6.25kHz emission level. 
Keeping this in mind we look at an alternative way of specifying the table. For PUSCH allocations starting in A (up to A+ B + C) one assumes a constant A-MPR, the local minimum of the blue curve in Figure 2 will be difficult to capture and will still be in a range of A-MPR that implies larger UE power tolerances. A constant A-MPR of 12-15 dB , i.e. UEs with an output power of about 10 dBm, will still give freedom for the scheduler to schedule many mobiles in the blanking region A, particularly for smaller cells in urban deployments. 
Region B will allow higher power (the idea of over-provisioned PUCCH): small allocations typical at the cell edge should then be scheduled in B and have a low backoff. In order to cover larger allocations in B+C as well, the A-MPR could be given as a gradual increase as a function of the allocation size. A formula of the type ceil((1+N_RB)/5) could be employed assuming a 15 RB blanking region, see the green curve in Figure 2. This formula would give 1 dB A-MPR for small allocations even if it is not needed for 2-6 RB for our particular implementation, but is still a specification within a reasonable level of detail. For 1 RB PUCCH this may not have to be applied for there is hopping and thus some relaxation (3 dB) of the unwanted emission.
In Region C an A-MPR for small allocations should be allowed in view of the IM with the image component. Values of A-MPR up to 15 dB have been reported [3], the backoff will depend in the implementation. 

Table 2 shows a possible way to capture the above in the specification TS 36.101.
Table 2: A-MPR for “NS07”
	3 MHz
	10 MHz

	Resource blocks
	A-MPR (dB)
	Resource blocks
	A-MPR (dB)

	TBD (≤13) starting within {carrier frequency ± 0.99 MHz}
	TBD (formula)
	Any allocation starting within {carrier frequency ± 1.8 MHz}
	[ceil((1+N_RB)/5)]

	≤ [2] starting above {carrier frequency + 0.99 MHz}
	[small]
	< [2-3] starting above {carrier frequency + 1.8 MHz}
	[3-15]

	Any other allocation
	[large]
	Any other allocation
	[12-15]


Note that the values in the table are just examples to illustrate the principle, slightly larger values of A-MPR will be necessary if the blanking region is decreased to 13 RB (e.g. for spectral regrowth in Region B). The table could also include a 3 MHz bandwidth that would enable a 1 x 3 reuse in Band 13 if desired; the same principles hold but PSD and bandwidth are different so values will differ.
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