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1 Introduction
Out of band emissions are unwanted emissions immediately outside the nominal channel resulting from the modulation process and non-linearity in the transmitter, but excluding spurious emissions. In UTRA the out of band emission limit was specified in terms of a Spectrum Emission Mask (SEM) and an Adjacent Channel Leakage power Ratio (ACLR).

In this contribution we started to look at an alternative SEM solution which is not based on scaleable bandwidth. We feel this approach is more aligned with regulatory requirements and may be able to support future deployment scenarios.  In this case we have re-visited the earlier proposal from Ericsson to define a composite bandwidth solution which can be used for all the bandwidth options. 
We must emphasise this work is preliminary as we may not have addressed all issues due to time constraints. However, we feel it is useful to share our ideas in this area as so far as this approach seems promising.
2 Scalable WCDMA mask proposal 

Currently, most of the current discussions in RAN4 have been based on some modification of the current WCDMA mask in order to address the different bandwidth options.  While this is a useful exercise, and should be progressed, it does not take into account our existing LTE co-existence work in terms of ACLR1 and ACLR2 where we have shown the WCDMA requirements of ACLR2 do not provide any system benefits. Looking back, it seems the ACLR2 value for WCDMA was not based on any analysis. Unfortunately, such an approach resulted in a corresponding WCDMA mask while being acceptable for a 5MHz system is not optimum for larger bandwidth solutions due to the ACLR2 requirements and more importantly does not provide significant co-existence benefits.
The other main issues with adopting the WCDMA mask, (particularly in the 0-1 MHz region outside a 5MHz channel) is the current WCDMA mask is derived to meet the FCC rules for 5MHz deployment based on the 1% rules for occupied bandwidth. Hence, for channels larger than 5 MHz, we would need to adjust this part of the mask (this is covered later in detail). 
However, the main problem with the WCDMA scaleable bandwidth approach (which although aligned with UE implementation) is that it is not aligned with spectrum allocation.  Generally spectrum is auctioned in terms of fixed blocks which must support co-existence irrespective of whether operators choose to aggregate this block into larger holding in order to provide the benefits of higher throughput and efficiency associated with larger bandwidths.   One negative outcome of this scenario is the current 3GPP specifications would not support such a deployment scenario and operators would be restricted to lower bandwidth options in terms of deployment.  

So, in summary, our concerns are not with the scaleable WCDMA mask proposal and we would support this as a default solution, since this is aligned with UE implementation and other recommendations, but for the reasons mentioned above  it may be useful to investigate other options to ensure wide spread deployment for the larger bandwidth options

3 Composite mask proposal LTE1 SEM 

As mentioned previously, this proposal represents a re-think of the earlier Ericsson proposal with some modification. We think this initial proposal is only a first pass proposal and further optimisation can be done to improve the performance (particularly to improve UE efficiency and system throughput while meeting co-existence goal).  Our starting point is the following objectives;
1. The proposed mask must fulfil FCC part 22 for US deployment in current Band V spectrum identified in TS25.101

2. The proposed mask must fulfil FCC part 24 for US deployment in current Band II spectrum identified in TS25.101

3. We need to consider if we can address FCC part 27 for US deployment in 2500 spectrum – however, this is desirable but not an objective, due to the severe constraints for this band. 
4. The mask must fulfil PHS protection limits for Japan
5. The mask must be aligned with ALCR1 and ACLR2 – but is NOT essential, since we intend to specify a separate ALCR1 and ACLR2 requirement for 5 MHz block allocation in line with regulatory requirements in some countries. 

6. Some consideration should be given to the existing WCDMA mask and other mask options being proposed in regulatory bodies i.e. OFCOM mask 
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Figure 1 shows the plot of the above objective based on the power measured in a 100 KHz bandwidth (normalised bandwidth). In this case we show the mask for 5MHz deployment. The only difference between the mask for 5 MHz and higher bandwidth shown in Figure 2 in the 20 MHz case is the requirement in first 0-1Mhz region will change with the 1% rule to align with FCC.
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Figure 1 regulatory masks + proposed mask 5 MHz LTE1 mask
Figure 2 regulatory masks + proposed mask 20 MHz LTE1 mask

Note the mask was derived based on the following;
1. The Powers specified in 100kHz measurement bandwidth
2. The mask is defined in terms of absolute power and not relative (dBc)
3. Breakpoints derived from

a. FCC masks

b. standard WCDMA mask

c. far-out Japan PHS coexistence requirement

4. Fixed dBm / frequency breakpoints

a. One mask per LTE bandwidth due to FCC rules 
b. Mask apply to all RB allocations

c. Mask used for all UE transmit power levels
d. Takes into account  FCC Band edge : FCC close-in requirement

i. Scales with LTE bandwidth for 0~1MHz
1. 5MHz / -10dBm

2. 10MHz / -13dBm

3. 15MHz / -14.8dBm 

4. 20MHz / -16dBm

e. 1MHz : FCC bands 2/7 -23dBm/100kHz

f. 5MHz : WCDMA mask -26dBm

g. 5.5MHz : FCC band 7 breakpoint / WCDMA level

h. 20MHz : -46dBm from PHS coexistence

5. Reference mask derived from 

a. OFCOM - defining 2.6GHz BEMs
b. FCC PART 22_PUBLIC MOBILE SERVICES  
i.   Subpart H_Cellular Radiotelephone Service Sec.  22.917 Emission limitations for cellular equipment.
c. FCC PART 24_PERSONAL COMMUNICATIONS SERVICES   
i.  Subpart E_Broadband PCS Sec.  24.238 Emission limitations for Broadband PCS equipment.
d. FCC PART 27_MISCELLANEOUS WIRELESS COMMUNICATIONS SERVICES   
i.  Subpart C_Technical Standards Sec.  27.53 Emission limits.
4 Measured UE performance for LTE1 SEM
Based on the LTE1 mask defined in the previous section we investigated the UE Tx spectrum (using measured data). The starting point was to ensure the UE PA was set up to meet the 33 dBm/3.84MHz requirement as per the WCDMA specification i.e. the source spectrum measurements were taken from a transmitter PA which had been adjusted for 33dB ACLR
We looked at worst case RB allocations i.e. the RB are allocated from edge of channel bandwidth. So in this case we have considered the case of 1 – 100 RB allocation starting from the band edge in the case of a 20 MHz transmission bandwidth. Note – we believe if the specification is defined such that UE(s) are only allocated  1-2 RBs from the band edge further optimization in terms of reduce MPR can be considered. However this can be for further study.

We then looked at the MPR needed to meet the LTE mask for different RB allocation (taking the worst case RB allocation scenario). Table 1 shows the MPR needed to meet the proposed LTE1 mask. 
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10MHz LTE Tx Spectrum : +19dBm : 50 (full) RB allocation  vs  Proposed LTE Masks
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Table 1: Summary – MPR Power reduction needed to meet the LTE1 mask
Figure 3, 4, 5 shows how the MPR was derived in the case of 10MHz channel bandwidth with a 50 RB transmission. Figure 3 shows the spectrum mask this with 0 dB MPR and figure 4 with 3dB MPR and figure 4 with 4 dB MPR. This exercise was performed for all the bandwidths and RB shown in table 1 where a MPR is identified. 
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Figure 3: spectrum mask when 0 dB MPR is provided.
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Figure 2: spectrum mask when 3 dB MPR is provided.
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Figure 4: spectrum mask when 3 dB MPR is provided.
Figure 3: spectrum mask when 4 dB MPR is provided 
Figure 5: spectrum mask when 4dB MPR is provided.
This would suggest we need a MPR of 4 dB i.e. 19dBm output in order meet the proposed LTE1 spectrum mask. Similar conclusions can be taken for the other high MPR values indicated in the table in Figure 3, again based on measured data.  However, before accepting this conclusion it may be useful to relate the actual occupied bandwidth in terms of ALCR1 and ACLR2 for this MPR value. 
. In [1] we showed the ACLR1 and ACLR2 values with no MPR i.e. similar to figure 3
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10MHz LTE Tx Spectrum : +23dBm : 50 (full) RB allocation  vs  Proposed LTE Masks
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Figure 5: spectrum mask and ALCR performance for 10MHz bandwidth  
This shows we meet the ACLR1 (33dBm/3.84MHz) and ACLR2 (36dBm/3.84MHz) criteria and therefore the 4dB MPR as proposed in Table 1 is not needed for a co-existence or system performance (based on power SET 2 power control). This MPR constraint would only serve to degrade UE performance and system throughput. In this case clearly the proposed LTE1 SEM does not represent the optimum solution and some relaxation is needed in the +5 MHz region similar to that proposed by OFCOM. 

The actual value for the mask in this region would be in practise associated with agreed ACLR1 and ACLR2 value. However, we do not believe there should be a 1:1 association of the spectrum mask and ALCR. In this case we would deplore the concept of integrating the SEM mask to also derive the ALCR value, since it defeats the point of defining a separate ALCR requirement.  What is important is SEM mask is defined for regulatory goal and ACLR1 and ACLR2 is defined for co-existence. Going forward, it may be useful to define an absolute ACP value for the first and 2nd adjacent channel rather than ACLR as the ACLR concept becomes difficult when the adjacent channel is asymmetrical due to measurement bandwidth definitions however, this is for further discussion

5 Composite mask proposal LTE2 SEM 

Based on the conclusions in section 4 it appears that the proposed LTE1 spectrum mask  would need some optimisation in the following areas in order to reduce the suggested MPR values. This would improve system throughput whilst ensuring the regulatory goals and co-existence scenarios are met. Some further optimisation is suggested below;
1. One option that needs to be addressed is the case where the adjacent channel is symmetrical or the LTE channel is sandwiched within the operators own spectrum allocation and hence an aggressive MPR is not needed for out of channel co-existence (particular for the larger bandwidth/MPR). In which case should the required MPR be signalled or be part of UE implementation – so this aspect needs  further discussion and refinement 

2. In the case of low RB allocation for the different bandwidth option table 1 suggested, we need a MPR of 1 dB. Further investigation is needed if we reduce this MPR requirement to 0 dB by ensuring the first 1-2 RB are not part of a larger RB allocation.  In most cases the 1 RB would be allocated to control channel, however, in the absence of control information the scheduler could allocate, for example, the first 10 RB to a UE starting from the edge of a channel. The goal would be to ensure only 1-2 RB are allocated and if a UE needs a larger RB allocation then this is not started from the edge of the channel.
3. In the case of larger RB allocations and particular larger bandwidths it may be useful to relax the LTE1 spectrum mask in this region inline with ACP associated with required ACLR1 (33dBm/3.84MHz) and ACLR2 (36dBm/3.84MHz) criteria. In this case we would not need the artificially high MPR values proposed in the table 1. One starting point would be to define a mask  LTE2 SEM based on  (PHS +  OFCOM + FCC 22 + FCC 24 + ACLR1 + ACLR2) as shown in Figure 6 below  for further investigation 
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10MHz LTE Tx Spectrum : +20dBm : 50 (full) RB allocation  vs  Proposed LTE Masks
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Figure 6 regulatory masks + proposed mask 20 MHz LTE2 mask
In the above figure only the 20MHz mask is shown. For lower bandwidth adjust in the 0-1 MHz region would be needed similar to the LTE1 SEM.
6 Measured UE performance for LTE2 SEM

In this case the MPR values required to meet the revised mask in Figure 6 are shown below in Table 2. These results show a reduction in the MPR needed for a single LTE2 composite mask for the higher bandwidth options
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Table2: Summary – MPR Power reduction needed to meet the LTE2 mask
=
Some additional optimisation an be considered based on further investigation particular in the 1-5 MHz region to remove the need for the 1 dB MPR requirement for low RB allocation by more closer alignment with relevant parts of the FCC mask while still maintaining the RAN4 ACLR1/ACP requirements - but was not progressed due to time constraints
Note the LTE2 mask in Figure 6 and associated MPR values in Table 2 would not support the FCC Part 27 requirements.  In this case we could continue to use the LTE1 mask with its associated MPR for a US Part 27 deployment in the 2500 MHz band so as to provide a complete solution for all regions if the FCC does not provide a rule change.  So this is for FFS if we would like LTE SEM to also address FCC Part 27 requirement 
7 Conclusion

In this contribution we look at an alternative methodology to define a composite SEM which can be used for all bandwidth options. We feel this approach is more inline with existing regulatory requirements and current allocation of spectrum where a SEM is needed to cover both a single and aggregated block allocation. A single SEM mask would also allow for a simple UE implementation to handle the global roaming scenario.  MPR could be used to handle the three variables of scaleable bandwidth, RB allocation and position of RB allocation. 

The goal of future work in this area is to re-visit the LTE2 SEM composite mask when it is needed to address a harmonised solution for different regions. In this cause this could be an alternative or an additional SEM to the scaleable solution currently being discussed in RAN4

We would welcome feedback to our proposal from operators, regulators and vendors if this approach represents a useful methodology. We must emphasise this work is preliminary as we may not have addressed all issues due to time constraints. However, we feel this is useful to share our ideas in this area in so far as this approach seems promising
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