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1. Introduction

This contribution provides detail on the out-of-band emissions requirements, as discussed previously in [1][2] and their impact on A-MPR requirements for the band with a proposal for a TP to be captured into the TR.
As explained in detail, it is found that some A-MPR allowance is required to enable compliance with the NS_04 mask associated with this new band. 
As discussed in Section 4.1, the A-MPR framework for the 5MHz case is based on that specified for NS_03 due to the similarities in the 5MHz mask for NS_03 and NS_04.

The basis of the proposed A-MPR framework for channel bandwidths greater than 5MHz, as described in Section 4.2, is to define a region of RBs in the centre of the channel where no A-MPR is allowed, as in this case the effective emissions based on an NS_01 mask for the RB allocation in this region will fit inside the NS_04 channel mask. In cases where the allocation is outside of this centre region this cannot be guaranteed, so some A-MPR is then allowed in order to meet the NS_04 mask. 
This approach for bandwidths greater than 5MHz is validated in Section 4.3 by analysing some simulation results to determine the amount of margin it gives, as well as providing some comments pertaining to implementation and performance aspects of the proposed approach.
2. Overview of out of band emissions requirements
An overview of the regulatory regime in effect in the US for this band was presented in [2]. As a consequence the following out-of-band emissions requirements have been captured in the TR [3]:

Table 1: Out of band emissions requirements for the 2600MHz band in the US (NS_04)
	
	Spectrum emission limit (dBm)/ Channel bandwidth  

	ΔfOOB
(MHz)
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	( 0-1
	-10
	-13
	-15 
	-18 
	-20 
	-21
	30 kHz 

	( 1-2.5
	-13
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 2.5-5.5
	-25
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 5.5-6
	
	-25
	-25
	-25
	-25
	-25
	1 MHz

	( 6-10
	
	
	-25
	-25
	-25
	-25
	1 MHz

	( 10-15
	
	
	
	-25
	-25
	-25
	1 MHz

	( 15-20
	
	
	
	
	-25
	-25
	1 MHz

	( 20-25
	
	
	
	
	
	-25
	1 MHz


Note that while NS_04 exists in TS36.101 today and it was always intended to reflect the requirements of FCC part 27 that defines the requirements for this band [4], the emissions limits were incorrectly implemented in TS36.101. The text captured in the TR correctly reflects how NS_04 needs to be specified when it is eventually associated with this band. This issue was identified and discussed previously in [3].

As shown in Figure 1, these are stricter than those allowed by the general E-UTRA spectrum emissions mask. Consequently additional MPR will be required in some cases in order for the UE emissions to be compliant with the current FCC regulations associated with an NS_04 value.

The remainder of this contribution addresses the A-MPR requirements for NS_04 and under what circumstances A-MPR is likely to be required. 
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Figure 1: Comparison of 2600MHz band requirements and general E-UTRA spectrum emissions mask (left: 10MHz; right: 20MHz)
3. Block edge emissions with concatenated channels
As discussed previously [1][2], the 2600MHz band in the US is comprised of a combination of 5.5MHz and 6MHz channels.

It is possible to concatenate multiple channels to form a block in which an LTE carrier can be deployed. The FCC regulations stipulate that the emissions at the block edge must comply with those outlined in Section 2 [5].

Due to the fact the LTE carrier bandwidth is proposed to be a multiple of 5MHz for the band [6][7], this invariably means there will be some degree of internal guard band. While this fact could be used to further help relax the A-MPR requirements in some cases, in order to enable maximum flexibility in usage of concatenated blocks we will assume from now on that a carrier may be located at the block edge. Therefore the out-of-band emissions must be able to meet the FCC requirements without the assumption of an internal guard band.

However, in the case a significant amount of channels are owned (i.e. 12 LBS or UBS channels) then it could be possible to deploy three or more carriers in a block. In this case the centre carrier can run with no A-MPR as the LTE general mask (NS_01) would be sufficient to ensure that the emissions are met at the block edge, as illustrated in Figure 2.
Therefore it is proposed for this band that both the NS_01 general spectrum emissions mask as well as the additional NS_04 spectrum emissions mask be allowed, for which the latter will require some A-MPR.


[image: image3]
Figure 2: Out of channel and block emissions comparison for the case of concatenation channels

4. A-MPR requirements for NS_04
Not all RB allocations will require an A-MPR in order for the emissions to meet the NS_04 requirements, for example a small allocation centred on the carrier frequency will effectively provide significant internal guard band such that the emissions requirements are inherently met. Therefore, as it can be conceived that there are some cases where an A-MPR allowance is not required, it is not desired to simply specify a single value for all cases in order to preserve, as much as possible, the link budget performance for cell edge users.

Before considering the detail of the specific A-MPR requirements, it is noted that the first change required to technical specifications is to Table 6.2.4-1 in TS36.101 in order to associate NS_04 with the new band, as shown in Table 2. Note that by default NS_01 will also be associated with the new band when Table 5.5-1 in TS36.101 is updated.

Table 2: (Table 6.2.4-1 in TS36.101) Additional Maximum Power Reduction (A-MPR) / Spectrum Emission requirements

	Network Signalling value
	Requirements (sub-clause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	A-MPR (dB)

	NS_01
	6.6.2.1.1
	Table 5.5-1
	1.4, 3, 5, 10, 15, 20
	Table 5.6-1
	NA

	...
	
	
	
	
	

	NS_04
	6.6.2.2.2
	TBDBand [41]
	TBD
	TBD
	

	..
	
	
	
	
	

	NS_32
	-
	-
	-
	-
	-

	


The next issue is to decide on the A-MPR specification for the case of 5, 10, 15 and 20MHz bandwidths. The following sections address the different bandwidths.
4.1 Channel bandwidth of 5MHz

There are some similarities between the requirements for the US bands associated with NS_03 and the 2600MHz band in the US. Table 3 compares NS_01 with NS_03 and NS_04 for the case of 5MHz.
Table 3: Comparison of additional emissions requirements for 5MHz channel
	
	Spectrum emission limit (dBm) 

	ΔfOOB
(MHz)
	NS_01
	NS_03 
	NS_04
	Measurement bandwidth

	( 0-1
	-15 
	-15 
	-15 
	30 kHz 

	( 1-2.5
	-10
	-13
	-13
	1 MHz

	( 2.5-2.8
	-10
	-13
	-13
	1 MHz

	( 2.8-5
	-10
	-13
	-13
	1 MHz

	( 5-5.5
	-13
	-13
	-13
	1MHz

	( 5.5-6
	-13
	-13
	-25
	1 MHz

	( 6-10
	-25
	-25
	-25
	1 MHz


Referring to [4] and the extracted Figure 3 below (Figure 4.4.2-1 from [4]) some A-MPR is shown as being required to meet the difference between -10dBm/MHz (NS_01) and -13dBm/MHz (NS_03) around the +/-1MHz point. 
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Figure 3: Comparison of NS_03 requirement and E-UTRA emissions (MPR only) (Taken from [4])
Therefore applying the same requirement for 5MHz for NS_04 as that specified for NS_03 should be sufficient, even though there is some difference around the requirement in the 5.5 to 6MHz range as the emissions are already shown to be below the required limit in Figure 3 with 0dB A-MPR.

Consequently it is proposed that the following A-MPR rule be specified for the 5MHz case for NS_04, which is the same as that for NS_03.
Table 4: Proposed 5MHz channel bandwidth A-MPR requirement for NS_04
	Network Signalling value
	Requirements (sub-clause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	A-MPR (dB)

	NS_04
	6.6.2.2.2
	Band [41]
	5
	>6
	≤ 1


4.2 Channel bandwidths of 10, 15 and 20MHz

As NS_04 is essentially a fixed 5MHz mask, for the cases of >5MHz then some A-MPR is needed to deal with the issues of both large/full RB allocation as well as smaller allocations at or close to the channel edges that cause problems due to inter-modulation products. This makes the situation slightly more complicated than shown in Section 4.1 for the 5MHz case.
One approach could be to specify a fixed A-MPR value for bandwidths greater than 5MHz. However, as stated earlier, this could impact the cell edge performance in terms of link budget for wide carrier bandwidth operation, which is the preferred mode of operation in this band due to the large amount of spectrum available. Therefore we propose that a simple, allocation specific rule be developed that enables no A-MPR when a small/medium allocation is provided in the centre of the channel and then for large/full RB allocation or small/medium allocations at the channel edge an A-MPR is allowed. 

The approach proposed is based on using “internal guard bands” where possible to prevent the need for A-MPR. When internal guard bands cannot be used in an allocation provided by the eNB, then some A-MPR is allowed. An alternative way to view the approach is that the emissions mask for a small allocation in the centre of a channel, derived from the NS_01 mask, will effectively fit inside the NS_04 channel mask, as long as the RB allocation is not too large so no A-MPR is needed. When the allocation is too large, or outside of the centre region then this cannot be guaranteed, so some A-MPR is allowed in order to ensure compliance of the emissions with the NS_04 mask.
To illustrate this concept, consider for 20MHz carrier operation the allocation of 50RBs in the centre of the band. As shown in Figure 4 the effective emissions limits for a 10MHz NS_01 carrier, which is the same as that for a 20MHz carrier with only 50RBs allocated in the centre of the channel, fall within the FCC requirements for a 20MHz block based on NS_04. Therefore in this case no A-MPR would be required; it may only be required if the allocation falls into the internal guard area outside of the centre region.
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Figure 4: Comparison of NS_01 10MHz channel mask and FCC 20MHz block mask
This observation can lead to a simple rule that only allows A-MPR to be applied if the allocation falls into the first or last 25 RBs for a 20MHz case, this provides a simple to implement rule that enables a large number of RB allocations to be provided to cell edge users with no reduction in link budget by using the 50 RBs in the centre of the band. 
A similar analysis can be performed for the case of a 10 and 15MHz carrier, yielding the same results that as long as an internal guard band is effectively formed then the UE can operate with 0dB A-MPR. In this case the guard bands can be defined to be the first and last 13RBs and 19RBs for 10 and 15MHz carriers, respectively. This is based on rounding the number of RBs that define the guard regions up to the nearest integer number of RBs. This leaves the centre 24 and 37 RBs for providing allocations where no A-MPR will be used for 10 and 15MHz carriers, respectively.
As a result of this simple analysis, it is therefore proposed that the simple rule outlined in Table 5 be adopted to enable a UE to apply an A-MPR to meet the emissions requirements of NS_04 when operating in channel bandwidths of greater than 5MHz.

Table 5: A-MPR for “NS_04”
	
	
	
	

	
	


	


	



	
	
	
	

	





	Channel BW
	Parameters
	Region A
	Region B
	Region C

	10
	RB_start1
	0 – 12
	13 – 36
	37 – 49

	
	RB_start1 +  L_CRB2 [RBs]
	n/a3
	>37
	 n/a3

	
	A-MPR [dB]
	[TBD]
	[TBD]
	[TBD]

	15
	RB_start1
	0 – 18
	19 – 55
	56 – 74 

	
	RB_start1 +  L_CRB2 [RBs]
	n/a 3
	>56
	n/a 3

	
	A-MPR [dB]
	[TBD]
	[TBD]
	[TBD]

	20
	RB_start1
	0 – 24
	25 – 74
	75 – 99

	
	RB_start1 +  L_CRB2 [RBs]
	n/a 3
	>75
	n/a 3

	
	A-MPR [dB]
	[TBD]
	[TBD]
	[TBD]

	Note

 

1
RB_start indicates the lowest RB index of transmitted resource blocks

2
L_CRB is the length of a contiguous resource block allocation
3
Any RB allocation that starts in Region A or C is allowed the specified A-MPR
4
For intra-subframe frequency hopping which intersects regions, notes 1 and 2 apply on a per slot basis
5
For intra-subframe frequency hopping which intersects regions, the larger A-MPR value may be applied for both slots in the subframe


Referring to Table 5, Regions A and C are effectively the internal guard band regions, so any allocation that starts in these regions will be allowed an A-MPR irrespective of how big the allocation is in L_CRBs, as captured by a value of n/a for RB_start + L_CRB and Note 3. Region B is the centre band region, and an A-MPR is only allowed when the allocation starts in this region and finishes outside of it. If the allocation falls entirely within Region B then no A-MPR is allowed.
The format of Table 5 has been chosen to be as aligned as possible with similar tables for NS_07 and NS_10 in TS36.101. It is worth noting that the combination of existing terms RB_start + L_CRB is introduced for the first time in Table 5 as, in the case of NS_04, a method is required where a 0dB A-MPR can be mandated for the case an allocation falls within Region B. For all other cases an A-MPR is allowed.
The level of A-MPR allowed in cases where it is not restricted to 0dB is FFS and it is expected to be addressed through the presentation of simulation results in the next meeting. At the time of writing this is expected to be 2dB or less based on preliminary results from various sets of simulations. 
It is finally worth noting that it is assumed that in order to maintain PUCCH link budget that over allocation of PUCCH resources will be applied in the case of bandwidths greater than 5MHz to enable the PUCCH allocations to fall into RBs where no A-MPR will be applied. The over allocated PUCCH resources can be reused for PUSCH allocation to UEs where the application of an A-MPR is acceptable. This operation was clarified as being allowed in [8].

4.3 Analysis of A-MPR framework for 10, 15 and 20MHz
This section provides a brief analysis of the proposed A-MPR framework drawing on some simulation results presented in [9] in terms of how much margin there is in the definition of Region B as a region where no A-MPR is allowed.

Referring to Figure 1 in [9], as replicated below in Figure 5, it indicates that for a single RB allocation at the edge of the channel the issue caused by third and fifth order inter-modulation (IM) products that require an A-MPR. We can analyse what happens as we move the single RB allocation towards the centre of the channel, in terms of at what RB number the worst case 5th order product will fall into the more relaxed region of the emissions mask, which happens 5.5MHz from the channel edge [3].
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Figure 5: Simulated emissions for generic PA model with total MPR of 1dB for QPSK (20MHz) [9]

The location in frequency of the 5th order IM product is given by the following equation:
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 is the centre frequency of the single RB allocation and 
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Substituting the requirement that 
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must be greater than 2584.5MHz (which is 5.5MHz from the lower channel edge of 2590MHz in Figure 5) and that 
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 is 2600MHz yields the required centre frequency for the single RB allocation to ensure the 5th order IM product falls into the -13dBm/MHz region.
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This means that the single RB allocation must be less than 2600 – 2594.8 = 5.2MHz from the centre of the carrier in order to ensure that the 5th order IM product falls into the -13dBm/MHz region. In terms of RBs, this would mean that the edge of Region B should not be greater than ~27RBs from the centre. This therefore makes a total Region B size of 54RBs, with very limited margin.
Returning to the proposal for 20MHz in Table 5 of a Region B size of 50RBs, it can be appreciated that this is inherently a margin of around 2RBs built in which is ~360kHz. This should be sufficient to account for the real-world frequency profile of the 5th order IM product. Consequently, while it might be possible to further optimise Region B by 1 or 2 further RBs, it is suggested that some margin is left by defining it as 50RBs. A similar argument can also be followed for the case of 15 and 10MHz carrier bandwidths.
The result of this analysis is that the framework allows sufficient margin while enabling ~50% of the RBs to be allocated with full power. Given the real world UE transmit power profile distribution within a cell and likely distribution of users at the edge, this is considered to be more than sufficient. 
In terms of considering larger RB allocations in the RBs immediately outside of Region B, referring to Figure 5 and following the same IM analysis as above, it can be appreciated that it could be possible to allow some allocations of greater than 1RB outside of Region B with no A-MPR. However, this starts to make for very complex rules with no real link budget gain as these users will not be at the cell edge if using larger RB allocations. The concern with pursuing this approach of trying to optimize for these very specific cases is that the specification becomes much more complex in order to enable these limited cases to operate with lower A-MPR. The concern is the complexity impact to both the eNB scheduler and UE implementation in order to realise the benefit of a more complex specification that does not provide any real significant gain in the network.
Therefore it is concluded that the structure of the proposed A-MPR framework provides a good compromise between complexity for eNB scheduler, UE implementation and network performance. In summary, it enables ~50% of the RBs to be allocated at full power with reasonable margins and enables reasonable frequency diversity for PUCCH. 
5. Summary

This contribution has provided an overview of some of the A-MPR requirements for the 2600MHz band to ensure that a UE can meet the emissions requirements defined by the FCC regulations.
As a result it is proposed to adopt the following text proposal into the TR and to continue to study the outstanding requirement of what level of A-MPR needs to be allowed in order to meet the mask in the cases where the level is specified as TBD.
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5.2.1
Maximum output power with additional requirements
Additional ACLR and spectrum emission requirements for Band [41] can be signalled by the network to indicate that the UE shall also meet additional requirements in a specific deployment scenario. To meet these additional requirements, Additional Maximum Power Reduction A-MPR is allowed for the output power. 

For UE Power Class 3 the specific requirements and identified sub-clauses are specified in Table 5.2.1-1 along with the allowed A-MPR values that may be used to meet these requirements. The allowed A-MPR values specified below in Table 5.2.1.-1 and 5.2.1-2 are in addition to the allowed MPR requirements specified in clause 6.2.3 of TS36.101. These requirements are based on an analysis provided in [3].
Table 5.2.1-1 Proposed A-MPR requirements for NS_04

	Network Signalling value
	Requirements (sub-clause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	A-MPR (dB)

	NS_04
	6.6.2.2.2
	Band [41]
	5
	>6
	≤ 1

	
	
	
	10, 15, 20
	See Table 5.2.1-2


Table 5.2.1-2: Proposed A-MPR requirements for NS_04 with bandwidth >5MHz

	Channel BW
	Parameters
	Region A
	Region B
	Region C

	10
	RB_start1
	0 – 12
	13 – 36
	37 – 49

	
	RB_start1 +  L_CRB2 [RBs]
	n/a3
	>37
	n/a3

	
	A-MPR [dB]
	[TBD]
	[TBD]
	[TBD]

	15
	RB_start1
	0 – 18
	19 – 55
	56 – 74 

	
	RB_start1 +  L_CRB2 [RBs]
	n/a3
	>56
	n/a3

	
	A-MPR [dB]
	[TBD]
	[TBD]
	[TBD]

	20
	RB_start1
	0 – 24
	25 – 74
	75 – 99

	
	RB_start1 +  L_CRB2 [RBs]
	n/a3
	>75
	n/a3

	
	A-MPR [dB]
	[TBD]
	[TBD]
	[TBD]

	Note

 

1
RB_start indicates the lowest RB index of transmitted resource blocks

2
L_CRB is the length of a contiguous resource block allocation

3
Any RB allocation that starts in Region A or C is allowed the specified A-MPR
4
For intra-subframe frequency hopping which intersects regions, notes 1 and 2 apply on a per slot basis
5
For intra-subframe frequency hopping which intersects regions, the larger A-MPR value may be applied for both slots in the subframe


Note that it is assumed that in order to maintain PUCCH link budget that over allocation of PUCCH resources will be applied in the case of bandwidths greater than 5MHz to enable the PUCCH allocations to fall into RBs where no A-MPR will be applied. The over allocated PUCCH resources can be reused for PUSCH allocation to UEs where the application of an A-MPR is acceptable. This operation was clarified as being allowed in [4].
<Text to be added>
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