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1. Introduction 

One of the planned LTE-A features is multicarrier operation.  This will present special challenges in defining RF requirements. A variable bandwidth operation, such as the Rel 8 LTE UL is already more challenging in terms of appropriate requirement definitions than a fixed bandwidth operation such as in WCDMA. Multi-carrier operation increases complexity even further because the signal can no longer be characterized with a parameter pair RB_start and L_CRBs alone.  In order to manage requirement complexity, we propose to use some basic concepts, which are in some sense a continuation of what were used in Rel 8. 
This contribution mostly discusses the UE Tx requirements but some of the proposed concepts can be applied to the eNB Tx as well.   
2. Discussion
In Rel 8 LTE, the allowed UE emissions are static and are defined independently of the actual UL grant, which varies dynamically.  In multi-carrier LTE, probably there will be a semi-static UE-specific carrier configuration which can identify a possible subset of all available carriers. Then the dynamic allocation can grant RBs only within the UE-specific carrier configuration.  It seems beneficial to define emissions depending on the semi-static carrier configuration and require that the UE meets those requirements under any dynamic allocation that is allowed in the given carrier configuration. Since meeting the emission requirements in some of the dynamic allocation scenarios will be challenging, MPR and A-MPR definitions will need to be used to address implementation constraints.   More details of these concepts are given in the following.
2.1.  UE Performance assumptions

We feel it is a reasonable to assume that the LTE-A UEs will use the same or similar RF components as LTE UEs and therefore the same component specification should be assumed. 
For example, we propose to use the same assumptions in LTE-A as in LTE for

· PA AM-PM characteristics
· Duplexer insertion loss and isolation

· PA harmonic suppression
Of course, it is a goal to achieve the best system performance possible, so the possibility of tightening certain RF component specifications should not be excluded as long as it can be verified that those improved components are indeed available.  

2.2. UE Capability assumptions

Clearly there can be UE capability classes in terms of number of supportable carriers. Another dimension of UE capabilities is the number of available PAs / Tx chains.  For simultaneous multiband operation it seems inevitable that separate Tx chains per operating band will be used.  When the same UE is configured in a single band, it would still be possible to use multiple Tx chains simultaneously within one band, for example one PA per carrier or even one PA per SCFDM cluster within a carrier. 

We do not propose that a UE with multiple PA capability should always operate with multiple PAs in active multi-carrier configurations – turning on or off Tx chains in a single band could be decided by the UE based on headroom conditions and emissions requirements – just that the A-MPR requirements should be determined based on the maximum number of PAs available in a certain UE capability class. 

2.3.  Emission requirement framework in multi-band operation

The emissions in each band in which the UE operates simultaneously should be determined independently from each other. This can be justified by the assumption of having separate PAs operating in each band. 
The cross-coupling to the input of the different PAs can be assumed low so as not to create significant IM products. Nevertheless, the feasibility of meeting coexistence requirements in Rx bands (e.g. -50dBm/MHz) should be verified.  Similarly, Tx intermodulation due to cross-band signals coupled to the PA output should be low because of the use of separate duplexers.   
2.4. Emission requirement framework in single band multi-carrier operation

For manageable requirement complexity, we propose to define a series of emission masks but only one for each bandwidth case, e.g. 40MHz, 60MHz, 80MHz, etc. This would be analogous to the LTE methodology. 
2.4.1. Emission requirements for contiguous carrier allocation

The requirements are straightforward in that the SEM corresponding to the total BW, i.e. the sum of the UE-specific semi-statistically allocated carriers should be applied. 

2.4.2. Emission requirements for non-contiguous carrier allocation

The requirements should be based on the SEM corresponding to the minimum BW that covers all UE-specific semi-statistically allocated carriers, i.e. the BW that spans across the two outermost carriers.  The requirements for any of the gaps in carrier allocation would be covered by in-band emission requirements in this case.  Note that when the block(s) in a gap is (are) allocated to a different operator then the in-band emission requirement may not provide sufficient protection and the requirements in this case are FFS. 
2.4.3. SEM scaling

Naturally, the SEM shape should linearly scale with the occupied bandwidth in the contiguous allocation case.  However, in Rel 8, the scaling is sub-linear. As an example, the OOBE / spurious domain boundary is given in Table 1 below.  As it can be seen, the ratio of the OOBE domain to the BW reduces from 2 to 1.25 when comparing 5MHz LTE to 20MHz LTE.  A similar tend could be applied for wide BW multi-carrier cases; even though reducing the OOBE domain to BW ratio to less than 1 should be FFS. 

Table 1  Boundary between E-UTRA ΔfOOB and spurious emission domain

	Channel bandwidth 
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	ΔfOOB  (MHz)
	[tbd]
	[tbd]
	10
	15
	20
	25


In any case, since the SEM is tightened for higher BW multi-carrier cases, appropriate MPR should be applied. 

2.5. Emission requirement framework for multi-cluster operation

Multi-cluster operation refers to the mode where the UE is assigned an UL allocation within a single carrier, which allocation doesn’t satisfy the single carrier property.  We propose to use the same principles as in 2.2 and 2.4.2.  The UE is required to meet the existing SEM in this case. But it is allowed a certain MPR depending on the actual allocation.  The MPR is defined based on assuming that the UE uses all available PAs based on its multi-carrier capability in an optimum way, e.g. one PA per cluster. 

Note that the MPR structure can become complicated and it is FFS how to design a reasonably simple requirement setup that gives a reasonable MPR approximation with a simple formula.  

2.6. Self-desensitization in multi-band operation

The current coexistence requirements mandate meting -50dBm/MHz for other (i.e other than own operating) Rx bands.  This is clearly not sufficient for avoiding self-desensitization in the active multi-band Rx channels of the UE.  Therefore the existing REFSENS requirement effectively enforces much tighter emission requirements already, which are achieved with using a minimum Rx-Tx separation and help from the duplexer.  The latter might not be present in other bands in multi-band operation though because duplexers are typically optimized in terms of rejection for own Rx.  Therefore, careful consideration needs to be given for appropriate measures for avoiding multi-band self-desense. Since the required solution might be a band application specific design change, it is desirable that the band combinations for multi-band operation are limited to a sufficiently small set.    

2.7.  Tx exceptions

As mentioned in 2.3, it is FFS whether any relaxation is required for meeting coexistence requirements due to cross-band IM products. 
It is very likely that for 2nd and 3rd harmonics similar exceptions need to be applied as in Rel8, irrespective of the number of PAs used, since these products are generated in each individual PA.  Another concern is that for a potentially very wide allocated BW, the Tx exception might cover an unacceptably large swath of frequencies. In this case, some tightening of the specification should be explored. 
3. Conclusions

We proposed, certain concepts for multi-carrier UE Tx requirements.  The main points were:
1. Assume the same RF component performance as for LTE

2. SEM should be independent across bands

3. SEM should be based on BW span for contiguous as well as non-contiguous intra-band multicarrier cases

4. MPR should be applied to reconcile 1. and 3.

5. MPR should assume max UE capability in terms of number of simultaneous Tx chains

We recommend that these proposals should be considered when deciding about the requirements. 
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