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1. Introduction

The transmit signal quality specifications remain to be defined for carrier aggregation.  Initial thoughts were provided in [1].  In this contribution, we study how these requirements are defined in the Rel-8 specification and how they might be applied to the intra-band contiguous carrier aggregation waveforms in the Rel-10 timeframe.  

2. Discussion

Transmit signal quality is defined by frequency error, error vector magnitude (EVM), carrier leakage, in-band emissions, and EVM equalizer spectral flatness.  Since it is anticipated that UE’s supporting carrier aggregation may reuse many of the same RF components and architecture as used for a Rel-8 implementation, it is reasonable to start with the Rel-8 transmit signal quality specifications and extend them for carrier aggregation.  In many cases, the extension of these specifications to carrier aggregation is straightforward.  In other cases, however, carrier aggregation greatly increases the complexity of the problem and simplifications should be considered.  Each requirement is discussed below.  
Before proceeding to the detailed discussion, however, it is worth noting the scope and limitations of the results, conclusions, and proposals presented in this contribution.  This contribution is focused on the assumptions of carrier aggregation scenarios to be addressed in the Rel-10 timeframe.  That is, we have assumed that the number of contiguous intraband component carriers for the UE is limited to two.  Such a limitation further implies that the maximum bandwidth of 40MHz can be processed by a single uplink RF chain.  While it is possible that a UE implementation may elect to employ distinct RF chains for each component carrier, such an architecture has not been considered in this contribution and allowances to enable this architecture have not been addressed.  Moreover, this contribution does not consider any aspects and specifications related to a device that supports both intra-band carrier aggregation and uplink MIMO.  The discussion in this contribution is limited to a single uplink chain by itself.
2.1. Frequency error
The Rel-8 requirement on frequency error is that the UE modulated carrier frequency should be within ±0.1 PPM observed over a period of one slot (0.5 ms) compared to the carrier frequency received from the E-UTRA Node B.  This requirement can be directly carried over to the case of intraband contiguous carrier aggregation.  However, a complication exists in that the UE may be receiving one or multiple (up to two in the Rel-10 timeframe) downlink component carriers where it may be possible that the frequency error differs slightly between the downlink carriers.  For Rel-10 an approach similar to that taken by DC-HSUPA where the UE’s uplink frequency error is measured against the average of the carrier frequencies of all active downlink component carriers could be taken.  
2.2. Error vector magnitude

The EVM measurement in Rel-8 can be applied to Rel-10 intraband carrier aggregation waveforms with the constraint that the waveform have uniform power spectral density (PSD) across all allocated RB’s on all component carriers.  Without this constraint, it is generally possible to have significant mismatches in PSD across different clusters as pointed out in [2] and also illustrated below.
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Figure 1.  Distributed allocations with mismatched PSD's may degrade EVM.  A and B are the allocated uplink RB’s, and A’ and B’ are their images.
As shown in the figure, the image of one cluster overlaps and interferes with the transmission of another cluster.  When there are large mismatches in PSD, the resulting interference can adversely affect the measured EVM of the second cluster.  While interference due to images is described here, similar interference can be generated from intermodulation products as well.
Another difficulty that may arise when mismatches in the PSD of distributed allocations are present is the calculation of the EVM equalizer coefficients.  The equalizer coefficients are intended to estimate the amplitude and phase response of the Tx chain and are formed by averaging the received signal over multiple symbols, including both reference symbols and data symbols.  It is noted in TS36.101 that “data modulations symbols may be required in this step because determination of symbols by demodulation is not reliable before signal equalization.”  Furthermore, because the PSD is not constant across RB’s for some transmissions, its value must now also be known to the equalizer to properly estimate the amplitude response of the Tx chain.
The challenges described above can be overcome by stipulating that the EVM measurement is to be performed on waveforms where the PSD level is uniform across all allocated RB’s.  In this way, the interference due to image terms and other intermodulation products reduces to the same effect as that observed in the Rel-8 measurement.  Therefore, the Rel-8 measurement can then be applied to the case of intraband carrier aggregation and distributed allocations.  Furthermore, with the restriction of uniform PSD, the EVM equalizer from Rel-8 can be reused without requiring additional knowledge of transmitted PSD per RB.
2.3. Carrier leakage

The carrier leakage requirement from Rel-8 can be applied directly to the intraband carrier aggregation waveforms discussed in this contribution.
2.4. In-band emissions
The in-band emissions specification restricts the level of emissions in non-allocated RB’s relative to the UE output power in an allocated RB.  As defined in Rel-8, the in-band emissions requirement is defined per RB and varies as a function of the offset of the RB from the edge of the allocated UL transmission bandwidth.  The in-band emission mask is a complex function which includes factors pertaining to the size of the uplink allocation, the offset of the RB from the uplink allocation, the modulation type, and the transmitted power.  Furthermore, exceptions to the mask are allowed for image frequencies and carrier leakage.  As a gross simplification for the purpose of illustration, the mask can be thought of as an limit of -30dB relative to the transmitted power per allocated RB for moderate to high Tx output powers.  For those RB’s located adjacent to wide allocations, the mask is more forgiving to allow for spectral regrowth.  Exceptions to the -30dB mask are also permitted at the LO frequency and at the image frequency.  This concept is illustrated in Figure 2.
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Figure 2.  In-band emisson mask concept for Rel-8.
The motivation for defining this requirement is to ensure that the UE does not leak power into RB’s where it has not been allocated to transmit.  The RB’s in the uplink are multiplexed among all UE’s in the network so that leakage into non-allocated RB’s represents interference at the eNodeB when receiving another UE’s transmission.  Therefore, from a system perspective, the in-band emissions requirement is necessary to limit the effect of multi-user interference and to maximize uplink capacity.  On the other hand, the requirement also respects that there exist practical constraints on the UE such that emissions can not be arbitrarily restricted (i.e., exceptions for image and LO, allowance for regrowth, etc).  These two aspects, in addition to the complexity of the requirement, must be carefully balanced to achieve a meaningful specification.
The challenges in defining the in-band emission specification for carrier aggregation stem from the following
· The location of the LO is ill-defined and can depend on the CA configuration and UE architecture,
· The location of the image is similarly ill-defined,
· Simultaneous transmission of PUSCH and PUCCH or clustered DFT-SOFDM leads to distributed allocations which generate intermodulation terms potentially landing in-band, and
· The PSD level of each cluster may be different.

The most direct way to address these artifacts is to allow exceptions to the mask for each of these in a similar way that exceptions are allowed for the LO and image in the Rel-8 definition.  In this way, only those RB’s which are affected by these impairments are allowed to be degraded where all other RB’s are required to meet the general mask.  The level of the mask per RB, aside from where exceptions are allowed and away from the RB’s immediately adjacent to an allocated cluster, is set to be 30dB below PRB, the average power per 180kHz in allocated RB’s.  This is illustrated in Figure 3.
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Figure 3.  In-band emission mask for Rel-10 with multiple exceptions for LO, image, and harmonics.
While this approach offers the appeal of precisely identifying relaxation in the mask where it is needed, it suffers from a high degree of complexity.  Determining the particular RB’s where the exceptions should be provided would require a computation of image, intermodulation, and cross-modulation products as a function of the location of the LO, image, and allocated RB’s which themselves may be discontinuous.  This approach is highly complex and a simplification should be found.
One such simplification proposed in [2] is that in-band emissions be tested with a single continuous allocation on only one of the component carriers while the emissions are measured across both active CC’s.  It is noted that the feasibility of this methodology is conditioned on the validity of disregarding in-band emissions specifications for discontinous allocations.
Another simplification is proposed herein.  It is clear that one of the major challenges associated with the Rel-10 waveform is the large number of possible exceptions which may be required as shown in Figure 3 for example.  A simpler approach would be to specify a single in-band emissions value rather than a mask.  Instead of computing a mask with exceptions for LO, image, intermods, and cross-mods at specific RB locations, a single value limit could be defined that applies across all non-allocated RB’s without regard to the specific location of these various artifacts.  This limit would need to take into account that emissions in some RB’s would be higher than in others so would likely need to be higher than -30dB, for example.  The difficulty remains in how this limit should be determined; a proposal is provided in the next section.
2.4.1. In-band emissions limit

The in-band emissions limit should take into account that emissions in some RB’s would be higher where an exception would have been provided previously in the mask.  However, the notion of replacing the mask with a limit as proposed here loses its appeal if the calculation required to compute this limit is met with the same level of complexity in determining a mask.  We therefore seek a simpler approach in determining the in-band emissions limit taking into account the following guidelines
1. The limit is specified as a value relative to the average power per allocated RB,
2. The limit is set high enough so that exceptions for LO, image, and intermodulation products as well as spectral regrowth are implicitly included,
3. The limit should be set as low as practical to limit the uplink interference level experienced by the network,

4. The limit should be comparable to the Rel-8 requirement so that a Rel-8 UE is able to meet the limit when applied to the Rel-8 configuration,

5. The limit need not be specified across all conditions as many of these conditions will already be verified by the Rel-8 in-band emissions requirement.

In accordance with the fourth guideline above, we consider the Rel-8 in-band emissions requirement when evaluated as an in-band emission limit instead of a mask.  One straightforward way to define this limit is to find the largest allowed emission value for any RB and use this as the single value for all unallocated RB’s.  Certainly this is a valid limit in the sense that all RB’s should be able to comply; however, this simplistic approach of taking the maximum value may be overly pessimistic and violate the third guideline above.  

Another way is to define the limit as the ratio of the average power level of all non-allocated RB’s to the ratio of the average power of all allocated RB’s.  Taking the average emission level has the benefit that the requirement is not set by the one or few RB’s for which a high level of emissions must be tolerated.  Furthermore, controlling the average emission level has a system interpretation of maintaining the average uplink interference level in the cell across the channel bandwidth.  
The in-band emissions could be defined as

Equation 1
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where
TS is the set of |TS| symbols, with the considered modulation scheme being active within the measurement period,

F is the set of allocated RB’s for the symbol at time t across all component carriers, and
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is the set of non-allocated RB’s for the symbol at time t across all component carriers.
The average power in allocated and non-allocated RB’s is given by
Equation 2
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Equation 3
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where the |F| and 
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are the total number of RB’s in the set F and 
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, respectively,
Equation 4
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PTx(t) is the transmit power,

Y(t,f) is the frequency domain signal evaluated for in-band emissions,

NRB,agg is the transmission bandwidth configuration across all component carriers,

LCRB is the transmission bandwidth for a single cluster.  The summation over LCRB represents the sum of the transmission bandwidths of all clusters across all component carriers.
For the purpose of illustration and study, we have evaluated a 10MHz channel, QPSK modulation, 23dBm Tx power, with StartRB=0, and LCRB varying from 1 to 49.  The in-band emissions values in accordance with the Rel-8 definition are used to compute an average emissions limit.  The results are shown in Figure 4.
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Figure 4.  Averaged in-band emissions for a Rel-8 configuration.
From this figure, it can be seen that the averaged in-band emissions limit varies from approximately -28 dB to +23 dB.  However, the large values come from the case of very low Tx power (i.e., -10dBm and -23dBm in this example).  In that case, since the output power is so low, the emissions relative to this low power can be somewhat higher.  This is captured by the -57dBm/180kHz - PRB limit as currently defined in the Rel-8 mask (see Table 6.5.2.3.1-1 of TS36.101).  Also, it is noted that there is a step discontinuity in the middle of the curve; this corresponds to the LO exception being included in the calculation to the left of the step and being excluded in the calculation to the right of the step as the allocation extends beyond the location of the LO.
If we reason that the case of very low Tx power and the resulting in-band emissions is already captured in the Rel-8 requirement, then we can focus on higher power levels where the intermodulation and other non-linear spurious products are likely to play a more signficant role for the Rel-10 waveforms.  Therefore, the Rel-10 in-band emission requirement should focus on the case with higher output power.  We propose to limit the applicability of the Rel-10 in-band emission requirement to the case of maximum configured output power, PCMAX.
To establish the appropriate in-band emission limit for Rel-10 waveforms, it is first recognized that the limit must be at least high enough to satisfy a Rel-8 waveform.  As seen in Figure 4, at high Tx output power levels where we are interested in defining this requirement, the limit must be at least -15 dB.  To this limit, we must add consideration for the intermodulation, cross-modulation, and spectral regrowth characterisitics of the Rel-10 uplink waveform.  We propose to set the in-band emissions limit to TBD as the Rel-10 requirement, pending further simulation and analysis.
2.5. EVM equalizer spectrum flatness

The EVM equalizer flatness specification places a limit on the amount of variation allowed in the magnitude of the equalizer coefficients.  The equalizer coefficients are intended to be inversely related to the amplitude response of the Tx chain, so in effect, this requirement enforces a restriction on the amplitude response of the Tx chain.  With the assumption that intraband carrier aggregation is limited to at most two uplink component carriers for the UE in the Rel-10 timeframe and that these two component carriers are passed through a single Tx RF chain, the Rel-8 requirement for spectrum flatness can be applied to the Rel-10 intraband carrier aggregation waveform across allocated RB’s on both component carriers.  The maximum allowed peak-to-peak ripple may need to be increased (TBD) due to the potential for RF front-end tilt and variation over the wider bandwidth (up to 40 MHz vs.20 MHz).
3. Conclusion

In this contribution, we have studied the transmit signal quality requirements for a Rel-10 waveform  spanning across up to two intra-band contiguous component carriers.  We make the following recommendations

· Frequency error:  Defined relative to average of all active DL carriers.
· EVM:  Defined with the condition of uniform PSD across all active RB’s in all component carriers.

· Carrier leakage:  Use the Rel-8 definition.
· In-band emissions:  Define the requirement as a single value rather than a mask.  A measurement based on average emissions in non-allocated vs. allocated RB’s for maximum Tx output power is proposed with a TBD specification limit of at least -15dB.

· Spectral flatness:  May need to allow larger tolerance in ripple to accommodate larger aggregated bandwidth.

For the sake of simplicity, we propose to specify all of the transmitter signal quality requirements for carrier aggregation at maximum Tx output power and with uniform PSD across all allocated RB’s in all active carriers.
A text proposal is attached below for inclusion into clause 6 of TR36.807.

Reference
[1] R4-102402, “UE Tx Requirements for Carrier Aggregation,” Qualcomm

[2] R4-102745, “TP for TR36.807: EVM and in-band emission,” Ericsson, ST-Ericsson

[Text Proposal]
6.5

Transmit signal quality

Currently EVM performance is defined on slot bases for a single component carrier in REL8 in the RAN1 specification. For LTE-A EVM would need to consider the following scenarios; Requirements that need to be specified for the single and dual CC for the following; 

Note the current RAN1 assumption assumes in the case of contiguous CC carriers then RB can be freely allocated for the different CC carriers 

1) CA_X    (Intra band  contiguous CA)
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna) 

5) CPE (Customer Premises equipment)

6.5.1
Frequency error
The Rel-8 requirement on frequency error is that the UE modulated carrier frequency should be within ±0.1 PPM observed over a period of one slot (0.5 ms) compared to the carrier frequency received from the E-UTRA Node B.  This requirement can be directly carried over to the case of intraband contiguous carrier aggregation.  However, a complication exists in that the UE may be receiving one or multiple (up to two in the Rel-10 timeframe) downlink component carriers where it may be possible that the frequency error differs slightly between the downlink carriers.  For Rel-10 an approach similar to that taken by DC-HSUPA where the UE’s uplink frequency error is measured against the average of the carrier frequencies of all active downlink component carriers could be taken.  

6.5.2
Transmit modulation quality

6.5.2.1
Error vector magnitude for intra-band carrier aggregation
The EVM measurement in Rel-8 can be applied to Rel-10 intraband carrier aggregation waveforms with the constraint that the waveform have uniform power spectral density (PSD) across all allocated RB’s on all component carriers.  Without this constraint, it is generally possible to have significant mismatches in PSD across different clusters as illustrated below.
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Figure 6.5.2.1-1.  Distributed allocations with mismatched PSD's may degrade EVM.  A and B are the allocated uplink RB’s, and A’ and B’ are their images.

As shown in the figure, the image of one cluster overlaps and interferes with the transmission of another cluster.  When there are large mismatches in PSD, the resulting interference can adversely affect the measured EVM of the second cluster.  While interference due to images is described here, similar interference can be generated from intermodulation products as well.

Another difficulty that may arise when mismatches in the PSD of distributed allocations are present is the calculation of the EVM equalizer coefficients.  The equalizer coefficients are intended to estimate the amplitude and phase response of the Tx chain and are formed by averaging the received signal over multiple symbols, including both reference symbols and data symbols.  It is noted in TS36.101 that “data modulations symbols may be required in this step because determination of symbols by demodulation is not reliable before signal equalization.”  Furthermore, because the PSD is not constant across RB’s for some transmissions, its value must now also be known to the equalizer to properly estimate the amplitude response of the Tx chain.

The challenges described above can be overcome by stipulating that the EVM measurement is to be performed on waveforms where the PSD level is uniform across all allocated RB’s.  In this way, the interference due to image terms and other intermodulation products reduces to the same effect as that observed in the Rel-8 measurement.  Therefore, the Rel-8 measurement can then be applied to the case of intraband carrier aggregation and distributed allocations.  Furthermore, with the restriction of uniform PSD, the EVM equalizer from Rel-8 can be reused without requiring additional knowledge of transmitted PSD per RB.

6.5.2.2
Carrier Leakage

The carrier leakage requirement from Rel-8 can be applied directly to the intraband carrier aggregation waveforms for Rel-10.
6.5.2.3
In-band emission for intra-band carrier aggregation

Non-contiguous uplink transmission different LO and image configurations (more exceptions) necessitate changes, but it could in fact be sufficient to test the in-band emissions in a Rel-8 fashion. We consider a number of cases. 

6.5.2.3.1
In-band requirements and leakage from an unsynchronised adjacent carrier
First we consider the aspect is the leakage of the secondary carrier into the primary: this is normally governed by selectivity requirements like ACLR and ACS that must be met for each CC. This adjacent CC may belong to the own network or to an adjacent operator. The secondary CC will create additional uplink intra-cell interference in addition to that originating from multiplexed users. However, this case could already be a problem for Rel-8 operation since an adjacent operator would produce a similar type of interference.

Figure 6.5.2.1.1-1 shows the case of one operator using two activated uplink CC activated in the presence of an adjacent (interfering) operator on a single CC. A specification of the in-band emission could potentially cover the aggregated carriers with a possible LO component between the two carriers, the image component of a transmission on one of the CC will appear in the other CC. From a carrier leakage view point it may also be desirable to limit the emission into the adjacent CC, but one may have to rely on the present Rel-8 emission floor (up to 30 dB below the allocated PRB) in any case. The power of the interfering adjacent operator is uncoordinated and may be significantly higher than the wanted signal levels within the own network, particularly if site-sharing is not used. Hence the problem of leakage exists already for Rel-8 operation and one must rely on the provisions of the Rel-8 specifications like ACLR for co-existence. Specifying leakage between CC(s) within the same network in terms of in-band emission requirements would not add much under this scenario, and all CC(s) must meet the ACLR requirements anyway. 
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Figure 6.5.2.3.1-1: inter-operator interference scenario with CA.

Hence this suggests that the current in-band test is sufficient also for CA in view of the inter-operator interference scenario that is already present for Rel-8. The test would then be carried out separately for the primary and secondary CC with due account for the fact that the LO and image frequency positions may be different from the Rel-8 configuration when two UL CC(s) are configured, and architectures with more than one LO are not impossible. 
6.5.2.3.2
In-band requirements for aggregated carriers within own network

The adjacent interference is not only added onto the wanted signal. Next we consider additional effects arising from the leakage or cross-talk between two CC generated within the same device, e.g. generated by one single transmitter chain through a single PA. 

Even if the Rel-8 minimum performance requirements apply for the transmitter chain, the in-band requirements have to be modified if applied to two aggregated uplink CC in view of different LO and IQ image locations as explained above. The centre position between the CC is the most likely: the aggregation scenarios considered in Rel-10 are tailored to this case. Figure 6.5.2.1.2-1 shows a very simplified picture of the transmitter emissions for two aggregated carriers with the LO and image components shaded. Simultaneous PUSCH and PUCCH are also transmitted on the PCC to exemplify the effects. We remark that many more inter- and cross-modulation effects would appear for this multi-tone scenario. The in-band emissions are measured after the FFT which means that the impact of some of these latter effects will be reduced. 

Should in-band emission requirements have to be specified for aggregated carriers (non-contiguous transmission), it appears reasonable to allocate RB in both component carriers in order to add to the existing single-carrier requirements. This would necessitate additional “exceptions” for

· possible LO locations

· locations for image products originating from the allocated PRB

· other inter-modulation products in view of non-contiguous transmission
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Figure 6.5.2.3.2-1: in-band emissions for transmission on two uplink CC(s).

The shape of the general in-band mask may have to be modified since cross-modulation products will appear around the allocated blocks, the magnitude of these depend on the relative powers of the allocated PRB(s). The requirements should be general and apply for any combinations of PRB sizes of the allocated blocks. Specifying in-band emission requirement for clustered PUSCH or simultaneous PUSCH and PUCCH will obviously necessitate multiple PRB allocations on a single CC. Is such a test needed from a functionality, user- and system performance standpoint?

If the SCC is deactivated and no simultaneous PUSCH and PUCCH on the PCC, the scenario is similar to Rel-8 operation but the locations of the LO and image are different, these are depicted in grey and black in Figure 6.5.2.1.2-2. The magnitude of these responses would still be dictated by the Rel-8 transmitter requirements. Similarly, if no simultaneous transmission is allowed from a single UE (as in Figure 6.5.2.1.2-2), neither on a CC nor across two active CC, the interference scenario would be similar to the Rel-8 case but with the image responses smeared out across two CC(s). Here we neglect effect of e.g. the independent power control on the two uplink CC(s) that may give rise to differences in practice.


[image: image17]
Figure 6.5.2.3.2-2: in-band emissions for a UE with a single PRB allocation and the SCC deactivated (grey), and a UE in fall-back mode (blue)

The UE could also fall-back to Rel-8 operation, which would generate the responses in blue in Figure 6.5.2.1.2-2 for a single PUSCH. The in-band emission requirements for Rel-8 must then be satisfied to ensure coexistence with legacy devices.  

From a functionality viewpoint, it should be sufficient to verify a Rel-10 UE supporting two UL CC(s) by using the existing in-band test case with a single UL CC configured. This would also cover coexistence with legacy UE(s). 

From a user- and system performance standpoint, the specification if in-band emissions per CC would not reveal all effects on the in-band emission floor of simultaneous transmission from a single UE. The following two scenarios, 

· transmission of a PUSCH and a PUSCH/PUSCH, both contiguous, on two separate CC(s) compared to the case in which these two transmissions originate from two separate UE(s) located on the PCC and SCC, respectively,

· clustered DFT-SOFDM and/or simultaneous PUSCH and PUSCH transmissions from one UE across two CC(s) compared to the case in which these transmissions originate from multiple sources,

could provide some insight on a link level. However, the necessity to verify the in-band performance is not as obvious as the verification of the unwanted emissions outside the allocated operator block.

6.5.2.4
In-band emissions for intra-band carrier aggregation (distributed allocations)
The in-band emissions specification restricts the level of emissions in non-allocated RB’s relative to the UE output power in an allocated RB.  As defined in Rel-8, the in-band emissions requirement is defined per RB and varies as a function of the offset of the RB from the edge of the allocated UL transmission bandwidth.  The in-band emission mask is a complex function which includes factors pertaining to the size of the uplink allocation, the offset of the RB from the uplink allocation, the modulation type, and the transmitted power.  Furthermore, exceptions to the mask are allowed for image frequencies and carrier leakage.  As a gross simplification for the purpose of illustration, the mask can be thought of as an limit of -30dB relative to the transmitted power per allocated RB for moderate to high Tx output powers.  For those RB’s located adjacent to wide allocations, the mask is more forgiving to allow for spectral regrowth.  Exceptions to the -30dB mask are also permitted at the LO frequency and at the image frequency.  This concept is illustrated in Figure 2.
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Figure 6.5.2.4-1.  In-band emisson mask concept for Rel-8.
The motivation for defining this requirement is to ensure that the UE does not leak power into RB’s where it has not been allocated to transmit.  The RB’s in the uplink are multiplexed among all UE’s in the network so that leakage into non-allocated RB’s represents interference at the eNodeB when receiving another UE’s transmission.  Therefore, from a system perspective, the in-band emissions requirement is necessary to limit the effect of multi-user interference and to maximize uplink capacity.  On the other hand, the requirement also respects that there exist practical constraints on the UE such that emissions can not be arbitrarily restricted (i.e., exceptions for image and LO, allowance for regrowth, etc).  These two aspects, in addition to the complexity of the requirement, must be carefully balanced to achieve a meaningful specification.

The challenges in defining the in-band emission specification for carrier aggregation stem from the following

· The location of the LO is ill-defined and can depend on the CA configuration and UE architecture,

· The location of the image is similarly ill-defined,

· Simultaneous transmission of PUSCH and PUCCH or clustered DFT-SOFDM leads to distributed allocations which generate intermodulation terms potentially landing in-band, and

· The PSD level of each cluster may be different.

The most direct way to address these artifacts is to allow exceptions to the mask for each of these in a similar way that exceptions are allowed for the LO and image in the Rel-8 definition.  In this way, only those RB’s which are affected by these impairments are allowed to be degraded where all other RB’s are required to meet the general mask.  The level of the mask per RB, aside from where exceptions are allowed and away from the RB’s immediately adjacent to an allocated cluster, is set to be 30dB below PRB, the average power per 180kHz in allocated RB’s.  This is illustrated in Figure 3.
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Figure 6.5.2.4-2.  In-band emission mask for Rel-10 with multiple exceptions for LO, image, and harmonics.
While this approach offers the appeal of precisely identifying relaxation in the mask where it is needed, it suffers from a high degree of complexity.  Determining the particular RB’s where the exceptions should be provided would require a computation of image, intermodulation, and cross-modulation products as a function of the location of the LO, image, and allocated RB’s which themselves may be discontinuous.  This approach is highly complex and a simplification should be found.

One such simplification proposed in Section 6.5.2.3 is that in-band emissions be tested with a single continuous allocation on only one of the component carriers while the emissions are measured across both active CC’s.  It is noted that the feasibility of this methodology is conditioned on the validity of disregarding in-band emissions specifications for discontinous allocations.

Another simplification is proposed herein.  It is clear that one of the major challenges associated with the Rel-10 waveform is the large number of possible exceptions which may be required as shown in Figure 3 for example.  A simpler approach would be to specify a single in-band emissions value rather than a mask.  Instead of computing a mask with exceptions for LO, image, intermods, and cross-mods at specific RB locations, a single value limit could be defined that applies across all non-allocated RB’s without regard to the specific location of these various artifacts.  This limit would need to take into account that emissions in some RB’s would be higher than in others so would likely need to be higher than -30dB, for example.  The difficulty remains in how this limit should be determined; a proposal is provided in the next section.
6.5.2.3.1
In-band emissions limit

The in-band emissions limit should take into account that emissions in some RB’s would be higher where an exception would have been provided previously in the mask.  However, the notion of replacing the mask with a limit as proposed here loses its appeal if the calculation required to compute this limit is met with the same level of complexity in determining a mask.  We therefore seek a simpler approach in determining the in-band emissions limit taking into account the following guidelines

1. The limit is specified as a value relative to the average power per allocated RB,

2. The limit is set high enough so that exceptions for LO, image, and intermodulation products as well as spectral regrowth are implicitly included,

3. The limit should be set as low as practical to limit the uplink interference level experienced by the network,

4. The limit should be comparable to the Rel-8 requirement so that a Rel-8 UE is able to meet the limit when applied to the Rel-8 configuration,

5. The limit need not be specified across all conditions as many of these conditions will already be verified by the Rel-8 in-band emissions requirement.

In accordance with the fourth guideline above, we consider the Rel-8 in-band emissions requirement when evaluated as an in-band emission limit instead of a mask.  One straightforward way to define this limit is to find the largest allowed emission value for any RB and use this as the single value for all unallocated RB’s.  Certainly this is a valid limit in the sense that all RB’s should be able to comply; however, this simplistic approach of taking the maximum value may be overly pessimistic and violate the third guideline above.  

Another way is to define the limit as the ratio of the average power level of all non-allocated RB’s to the ratio of the average power of all allocated RB’s.  Taking the average emission level has the benefit that the requirement is not set by the one or few RB’s for which a high level of emissions must be tolerated.  Furthermore, controlling the average emission level has a system interpretation of maintaining the average uplink interference level in the cell across the channel bandwidth.  

The in-band emissions could be defined as

Equation 6
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where

TS is the set of |TS| symbols, with the considered modulation scheme being active within the measurement period,

F is the set of allocated RB’s for the symbol at time t across all component carriers, and
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is the set of non-allocated RB’s for the symbol at time t across all component carriers.

The average power in allocated and non-allocated RB’s is given by
Equation 7
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Equation 8
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where the |F| and 
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are the total number of RB’s in the set F and 
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, respectively,

Equation 9
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PTx(t) is the transmit power,

Y(t,f) is the frequency domain signal evaluated for in-band emissions,

NRB,agg is the transmission bandwidth configuration across all component carriers,

LCRB is the transmission bandwidth for a single cluster.  The summation over LCRB represents the sum of the transmission bandwidths of all clusters across all component carriers.
For the purpose of illustration and study, we have evaluated a 10MHz channel, QPSK modulation, 23dBm Tx power, with StartRB=0, and LCRB varying from 1 to 49.  The in-band emissions values in accordance with the Rel-8 definition are used to compute an average emissions limit.  The results are shown in Figure 4.
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Figure 6.5.2.3.2-1.  Averaged in-band emissions for a Rel-8 configuration.
From this figure, it can be seen that the averaged in-band emissions limit varies from approximately -28 dB to +23 dB.  However, the large values come from the case of very low Tx power (i.e., -10dBm and -23dBm in this example).  In that case, since the output power is so low, the emissions relative to this low power can be somewhat higher.  This is captured by the -57dBm/180kHz - PRB limit as currently defined in the Rel-8 mask (see Table 6.5.2.3.1-1 of TS36.101).  Also, it is noted that there is a step discontinuity in the middle of the curve; this corresponds to the LO exception being included in the calculation to the left of the step and being excluded in the calculation to the right of the step as the allocation extends beyond the location of the LO.

If we reason that the case of very low Tx power and the resulting in-band emissions is already captured in the Rel-8 requirement, then we can focus on higher power levels where the intermodulation and other non-linear spurious products are likely to play a more signficant role for the Rel-10 waveforms.  Therefore, the Rel-10 in-band emission requirement should focus on the case with higher output power.  We propose to limit the applicability of the Rel-10 in-band emission requirement to the case of maximum configured output power, PCMAX.
To establish the appropriate in-band emission limit for Rel-10 waveforms, it is first recognized that the limit must be at least high enough to satisfy a Rel-8 waveform.  As seen in Figure 4, at high Tx output power levels where we are interested in defining this requirement, the limit must be at least -15 dB.  To this limit, we must add consideration for the intermodulation, cross-modulation, and spectral regrowth characterisitics of the Rel-10 uplink waveform.  We propose to set the in-band emissions limit to TBD as the Rel-10 requirement, pending further simulation and analysis.

6.5.2.5
EVM spectral flatness for intra-band carrier aggregation

The EVM equalizer flatness specification places a limit on the amount of variation allowed in the magnitude of the equalizer coefficients.  The equalizer coefficients are intended to be inversely related to the amplitude response of the Tx chain, so in effect, this requirement enforces a restriction on the amplitude response of the Tx chain.  With the assumption that intraband carrier aggregation is limited to at most two uplink component carriers for the UE in the Rel-10 timeframe and that these two component carriers are passed through a single Tx RF chain, the Rel-8 requirement for spectrum flatness can be applied to the Rel-10 intraband carrier aggregation waveform across allocated RB’s on both component carriers.  The maximum allowed peak-to-peak ripple may need to be increased (TBD) due to the potential for RF front-end tilt and variation over the wider bandwidth (up to 40 MHz vs.20 MHz).

6.6
Output RF spectrum emissions

[End of Text Proposal]
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