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1. Introduction
In the RAN4#63 meeting the need to specify NS_07 requirements for deployment of 5 MHz CBW on LTE Band 13 was discussed [1]. There are adjacent Public Safety Narrowband (PSNB) services deployed adjacent to the Band 13, with 2 MHz guard band between the bands, and a –57 dBm/6.25 kHz emission mask to protect these services. In Canada, the band plan differs so that PSNB services are allocated with only 1 MHz guard band between the bands. The narrow guard band requires PUCCH overprovisioning solution and A-MPR for the UE to meet the emission mask requirements, but currently A-MPR is only allowed for 10 MHz CBW. If existing UEs would roam into a network using 5 MHz CBW, they would violate the emission mask and potentially harm the PSNB users.

This document presents A-MPR simulation results for 5 and 10 MHz CBW deployed on Band 13, and proposes A-MPR for the 5 MHz CBW. Standard pre-Release-11 modulator requirements are assumed in this proposal. Additionally we present A-MPR simulation results for Release-11 and onwards, taking into account requirements for the tighter modulator performance. For the network operators to benefit from these improvements, revision of the existing A-MPR table is proposed for Release-11. Further we discuss how revision of NS values and associated A-MPR tables could be handled in the future.
2. A-MPR requirements
The simulation assumptions in the context of this paper are as follows:

· Modulator LO and image suppression of 25 dBc (and 28 dBc for Release-11 onwards).

· Modulator counter IM3 of 60 dBc.

· PA operating point calibrated for each CBW separately, so that with full RB allocation, ACLR and generic SEM requirements are met with QPSK signal at +22 dBm output power (1 dB MPR). The same operating point is used for all RB allocations.

· No extra duplexer attenuation is assumed towards the protected frequency range, as the offset from Band 13 edge is only 2 MHz. Regular TX-Antenna losses of 4 dB are assumed over the complete analysis range.

2.1 Comparison of 10 MHz CBW and 5 MHz CBW at 777-782 MHz in the US
For wide allocations, the PSNB band edge is in the UTRAACLR1 region in both 5 and 10 MHz cases. With the used PA model, the operating point is UTRAACLR1 limited (33 dB) with both CBWs, thus we are expecting similar amount of A-MPR is required for 5 MHz as is currently specified for 10 MHz in the NS_07 A-MPR table.
Simulations support the assumptions, as can be seen in the following figure.
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Figure 1: Simulation of A-MPR for full allocation
For narrow allocations, it can be observed that the used channel bandwidth has little effect on the PSD. Primarily, IMD products on the PSNB band are created at the PA from the transmitted RB and its IQ image from imperfect modulator; the affected RB allocations are those that are close to the channel lower edge. Also the baseband counter IM3 performance can create IMD products on the PSNB band; the affected RB allocations are those that are at the channel upper edge. The power of these IMD products does not depend on the CBW, and thus the same amount of A-MPR is required to keep the emissions below the mask.
The complete sweep of legal 10 and 5 MHz RB allocations, and the required A-MPR according to simulations is shown in Figure 2 and Figure 3. For 10 MHz CBW, the colored zones in Figure 2 represent the NS_07 A-MPR table values. For 5 MHz CBW, the colored zones in Figure 3 represent the proposed additions to the NS_07 table. The NS_07 table and the proposed additions are shown here in the following table.
Table 1: A-MPR for NS_07, with proposed addition for 5 MHz CBW
	CBW
	Parameter
	Region A
	Region B
	Region C

	5 MHz
	RB_start1
	0 - 6
	7 - 8
	9 - 18
	19 - 24

	
	L_CRB2 [RBs]
	6 - 8
	1 - 5 and 9 - 25
	≥8
	≥12
	≤2

	
	A-MPR [dB]
	≤ 8
	≤ 12
	≤ 8
	≤ 6
	≤ 3

	10 MHz
	RB_start1
	0 - 12
	13 - 18
	19 - 42
	43 - 49

	
	L_CRB2 [RBs]
	6 - 8
	1 - 5 and 9 - 50
	≥8
	≥18
	≤2

	
	A-MPR [dB]
	≤ 8
	≤ 12
	≤ 12
	≤ 6
	≤ 3

	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
For intra-subframe frequency hopping between two regions, notes 1 and 2 apply on a per slot basis.

4
For intra-subframe frequency hopping between two regions, the larger A-MPR value of the two regions may be applied for both slots in the subframe.
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Figure 2: Required A-MPR for 10 MHz CBW, with NS_07 A-MPR regions colored overlay
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Figure 3: Required A-MPR for 5 MHz CBW, with proposed A-MPR regions colored overlay
For Region C that is defined to take into account the baseband nonlinearity (counter IM3), the existing A-MPR does not cover all required RB allocations. The region size should be roughly the same as for Region A (within 0-1 RB), so this has been fixed in the 5 MHz proposal.
2.2 Discussion on 5 MHz CBW at 782-787 MHz in the US
The following figure shows the simulation results for A-MPR:
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Figure 4: Required A-MPR for 5 MHz CBW at 782-787 MHz
Because no PUCCH overprovisioning is needed, and the affected RB allocations are L_CRB ≥ 24, we prefer restricting the uplink allocation to < 24 RBs, rather than specifying A-MPR for this case. While the NS_07 value could be reused, carrier frequency dependency would have to be specified, increasing the testing burden of the UEs.
2.3 A-MPR with Rel-11 improved modulator performance

From Release-11 onwards, the UE modulator performance has been tightened for frequency bands <1 GHz. The previous discussion has assumed 25 dBc for modulator LO and IQ image suppression, whereas the tightened requirement is 28 dBc.
The transmitted RB, its IQ image, and the LO leakage produce unwanted IMD components at the PA. The improved modulator suppresses the strongest IMD component at the PA output by 3 dB when at minimum backoff; these are the small allocations in Region A of NS_07 table. However, the 3 dB improvement may not directly translate to 3 dB less backoff, because of how the PA works. With the used PA model, we observe about 2 dB less backoff. The modulator improvement does not affect the counter IM3 region (Region C), or the larger RB allocations (about ≥ half of the maximum allocation).
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Figure 5: Required A-MPR for 10 MHz CBW with 28 dBc modulator
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Figure 6: Required A-MPR for 5 MHz CBW with 28 dBc modulator
In general, the improved modulator reduces the required backoff by about 2 dB with narrow allocations in Region A, and by about 1 dB in the mid-range allocations in that region. For Region B, it may have an effect on the region width, and also in the 10 MHz case, we expect to be able to slightly increase the L_CRB threshold for which A-MPR is allowed. The Region C can also be fixed in Release-11 onwards for 10 MHz CBW.
For 5 MHz, it seems to be possible to reduce the width of the Region A by about 1 RB. However due to legacy UEs the PUCCH positions would likely be fixed to indexes 7 and 17, there may not be significant benefit from the reduction.

A draft Rel-11 NS_07 A-MPR table is shown below. To handle 5 MHz CBW at 782-787 MHz, the same restriction (L_CRB ≥ 24 not allowed) as for 25 dBc modulator can be used, because the modulator performance has no effect on the A-MPR. Alternatively RAN4 could define e.g. 3-4 dB of A-MPR for these allocations.
Table 2: A-MPR for NS_07 for Rel-11

	CBW
	Parameter
	Region A
	Region B
	Region C

	5 MHz
	RB_start1
	0 - 6
	7 - 8
	9 - 18
	19 - 24

	
	L_CRB2 [RBs]
	1 - 5
	6 - 9
	10 - 25
	≥8
	≥12
	≤2

	
	A-MPR [dB]
	≤ 10
	≤ 7
	≤ 12
	≤ 8
	≤ 6
	≤ 3

	10 MHz
	RB_start1
	0 - 12
	13 - 18
	19 - 26
	38 - 49

	
	L_CRB2 [RBs]
	1 - 5
	6 - 9
	10 - 50
	≥10
	≥18
	≤2

	
	A-MPR [dB]
	≤ 10
	≤ 7
	≤ 12
	≤ 12
	≤ 6
	≤ 3

	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
For intra-subframe frequency hopping between two regions, notes 1 and 2 apply on a per slot basis.

4
For intra-subframe frequency hopping between two regions, the larger A-MPR value of the two regions may be applied for both slots in the subframe.


3. Discussion on handling UEs of different LTE Releases
Even with a new NS_07 A-MPR table for 5 MHz, the problem how to handle existing UEs in a 5 MHz network remain. Especially RAN4 needs to address existing Band 13 UEs, which roam into a new 5 MHz network. Here are some potential scenarios and possible solutions how to handle those.
· All of the scenarios listed below assume PUCCH overprovisioning by a correct amount – without the overprovisioning, UEs that do not understand the new NS_07 5 MHz A-MPR table may violate the –57 dBm/6.25 kHz emission mask already when connecting to the network (any PUCCH transmissions), even before the network knows anything about the UE.

· A Rel-8 UE would not by default know the new 5 MHz table but would recognize NS_07. If it were scheduled with any RB allocation that requires A-MPR, it would potentially violate the emission mask and harm PSNB users. A safe solution for the network is to only use RB allocations, which do not get any A-MPR. This may be favourable to barring these UEs from camping in the network.
· A Rel-8 UE could recognize the new 5 MHz table, if its firmware can and has been updated; however it may be impossible to guarantee that all UEs that roam into a 5 MHz network have been updated. As can be seen from the presented simulation results (e.g. Figure 3), grouping of RB allocations in the table is necessary to keep the A-MPR table and the related UE testing burden to a reasonable level. There exist “safe” RB allocations that get significant A-MPR, where even 0 dB is required to meet the additional emission mask. The network may allocate such resources for the UE, and request a power headroom report. Successive power headroom reports with allocations that do not get A-MPR and those that do, may reveal whether the UE uses A-MPR or not (assuming the path loss remains constant). Rel-10 also defines an enhanced power headroom report, in which the UE reports PCMAX directly. A UE that reports lower power headroom or PCMAX for the allocations that get A-MPR, may be assumed to recognize the new 5 MHz table.
· If the new 5 MHz table would be introduced from e.g. Rel-11 onwards, those UEs that indicate the corresponding Release capability will by definition know the new table, and not violate the emission mask with any RB allocation. If the new table is introduced to earlier Releases, it may not be possible to guarantee proper UE behaviour, and the solutions described above may have to be used.
· As revised NS_07 tables are could be defined in Rel-11 or later, for the network to benefit from the improved UE modulator performance, it may not be explicitly known which version of the table the UE supports. This information is beneficial for the eNB scheduler to optimize the cell resource usage. While the case may be straightforward for Band 13 and NS_07, in which pre-Rel-11 UEs would use the legacy table and Rel-11+ UEs the new table, things may become more complex with the recently introduced Bands 26 and 27, for instance. Even radical revision of A-MPR tables may be necessary, if the protection levels would be changed in the future. To ease future development of the LTE standard, it would be beneficial to include version information into the A-MPR tables, and specify corresponding signalling for the UE to report explicitly which version it supports.
· Canadian use of the Band 13 frequency range likely requires a new NS value to be defined. If existing Band 13 UEs are expected to roam in a Candadian network, from legacy UE point of view the situation is similar as defining the new 5 MHz CBW for NS_07, thus the above discussion is applicable.

4. Conclusion

This contribution presents A-MPR simulations for Band 13 and NS_07. Based on the existing 10 MHz A-MPR table and the simulation results, a similar table is drafted for 5 MHz CBW. We also present simulation results with improved UE modulator, and possible revised A-MPR tables for Rel-11 onwards.

The latter part of the contribution discusses how to handle UEs of different LTE Releases, when it is now explicitly known which A-MPR tables they support. This discussion is also applicable to other frequency bands than 13. We prefer to include version information into the A-MPR tables, and to specify corresponding signalling for the UE to indicate which version it supports.
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