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1.  Introduction
A WI for enhanced License Assisted Access has been agreed in RAN plenary [1]. In RAN1 #84bis, RAN1 agreed to use interlaced RB assignment for UE UL waveform [2] and requested RAN4 views on equally/unequally-spaced RBs structures based on impacts on RF requirements, i.e. consideration of power back off required [3]. And in this paper, we analyze impacts of both these two interlace structures on RF requirements.
2.  Discussion
In RAN1 #84bis, working assumption for eLAA PUSCH transmission was captured in LS [3] as bellow:
· For eLAA PUSCH transmission, one interlace is the basic unit of resource allocation, which is composed of 10RBs for 20MHz
· Working assumption: the 10RBs are spaced equally in frequency domain for 20MHz
· Ex for 20MHz eLAA SCell: interlace 0 is composed of RBs 0,10,20,...,90
· Send an LS to RAN4 asking whether or not RAN4 sees issues with the working assumption. RAN1 also discussed the possibility of having unequal spacing in frequency domain for the 10-RB interlace based resource allocation
· FFS the case of other system bandwidth(s)
For the RB-level multi-level(MC) transmission, the IMD products caused by multi-clusters non-linearity may degrade the RF performance and then exceed the existing requirements, which includes in-band emission and out-of band emissions(ACLR, SEM and spurious emissions). In former RAN4 discussion, IMD3, IMD4 and IMD5 products are taken into account combined with allocation, meanwhile the IMD3 is the strongest non-linearity interference among these IMD products. Therefore in this paper, IMD3 is dominantly considered to evaluate the non-linearity impact on RF requirements for equally/unequally-spaced RBs interlace structures.
2.1 Equally-spaced RBs allocation
Equally-spaced RBs allocation has been approved in RAN1 as working assumptions and Figure 1 shows the equally-spaced RBs allocation with interlace 0 for 20MHz eLAA SCell. 


Figure 1 Interlace 0 structure for equally-spaced RBs allocation
1. Single interlace
For equally-spaced RBs allocations in single interlace, the related IMD3 are also allocated with equally spacing and even overlap with the allocated RBs within the channel bandwidth.  In addition, several IMD3 products will fall into the same location and could be accumulated. Figure 2 shows the IMDs allocations of 4 equidistant RBS in single interlace. Intuitively, the IMD3 of the 1st - 2nd RB falls into the 3rd RB location, and the IMD3 of the 1st - 3rd RBs and 3rd - 4th RBs is accumulated at 5th RB location. In the same way, the IMD3 of the 2nd - 4th and 1st - 2nd RBs is accumulated outside channel bandwidth which left adjacent to 1st RB location.  


Figure 2 IMD3 allocations for 4 equidistant RBs in single interlace


Figure 3 IMD3 allocations for full equidistant RBs in single interlace
Figure 3 shows IMD3 allocations for full equidistant RBs in single interlace. Compared to Figure 2, we could observe that
· Within the channel bandwidth, IMD3 products overlap with the located RBs which have no impact on in band emission requirements, but it will greatly affect the REFSENS of BS receiver. 
· Out of channel bandwidth, IMD3 products allocate with equal spacing as well as RBs, and the accumulated IMD3 which locate at lower/upper edge of channel bandwidth is most challenge for filters to mitigate the strong interference. In addition, out of band emissions (ACLR and SEM) should also be further checked.
2. Multi-interlaces
For eLAA, the full UL RBs could be grouped by multiple interlaces even though the interlacing indexing hasn’t defined yet. And the multi-interlaces may exhibit contiguous and non-contiguous interlaces allocations. 
a. Continuous interlaces allocation


Figure 4 IMD3 allocations for 5 equidistant RBs in two continuous interlaces 
Figure 4 describes the IMD3 allocations for 5 equidistant RBs in two continuous interlace. And IMD3 allocations of each interlace is as well as single interlace, and adjacent to IMD3 products of other interlaces. 
Observation 1a: For single interlace or contiguous multi-interlaces with equally-spaced RB allocations, existing in band emission requirements are applied, while MPR, ACLR and BS receiver requirement should be FFS. 
b. Non-contiguous interlaces allocations


Figure 5 IMD3 allocations for 2 equidistant RBs in two non-contiguous interlaces
For non-contiguous interlaces allocations, IMD3 allocations with unequal spacing are as shown as in Figure 5 which take 2 equidistant RBs for example. 1st and 3rd RB belong to one interlace while 2nd and 4th RBs belong to another interlace. Hence, IMD3 products not only fall into the allocated RBs as IMD3 of 1st - 3rd RB, but also fall into non-allocated RBs, i.e. IMD3 of 2nd – 3rd RBs which lead to the risks that re-define the existing in band emission requirements, in terms of non-allocated RBs could used by other users simultaneously. Additionally similar as contiguous interlaces, IMD3 will also degrade the out of band emissions and BS receiver performance. 
Observation 1b: For non-contiguous multi-interlaces with equally-spaced RB allocations, in band emission requirement, MPR, ACLR and BS receiver requirements should be FFS.
2.2 Unequally-spaced RBs allocation
Besides the equally-spaced RBs allocations, RAN1 also request RAN4 views on unequally-spaced RBs allocations. In this section, we analyze the non-linearity impact on RF requirements by means of IMD3 products.  


Figure 6 IMD3 allocations for 5 RBs in single interlace both with equally/unequally-spaced RBs allocations
In order to obviously compare the difference between single interlace with equally/unequally-spaced RBs allocations, Figure 6 shows IMD3 allocations for 5RBs in single interlace both with equally/unequally-spaced RBs allocations together. Different from equally-spaced RB allocations, for unequally-spaced RB allocations:
·   Within channel bandwidth, IMD3 products fall into both allocated and non-allocated RBs locations, which lead to the risks that re-define the existing in band emission requirements. In addition, accumulated IMD3 level at the same location is lower than that for equally-spaced case since IMD3 products are distributed with unequal spacing. And interference to non-allocated RBs and BS receiver performance are weaker than non-contiguous interlaces allocations with equally-spaced.
· Out of channel bandwidth, IMDs allocate with unequal spacing meanwhile accumulated IMD3 level weakens, therefore the benefits could be directly observed that mitigate the interference to out of band emissions, especially to the most challenge IMD3 products which locate at the upper/lower edge of the channel bandwidth, since filters exhibit weak performance to alleviate these non-linearity interference.
Observation 2: For single interlace with unequally-spaced RB allocations, in band emission, MPR, ACLR requirements and BS receiver requirements should be FFS. Due to accumulated IMD3 level weakens, hence the impacts of non-linearity on RF requirements are milder than interlace case with equally-spaced RB allocations, especially out of band emissions and BS receiver requirements.
2.3 Summary
Table 1 briefly summarizes the IMD3 impacts of equally/unequally-spaced RB allocations on RF requirements based on analysis in section 2.1 and 2.2.
Table 1 IMD3 impact on RF requirements 
	
	Equally-spaced RB allocations
	Unequally-spaced RB allocations

	
	Single or Contiguous interlace allocations
	Non-contiguous interlace allocations
	

	In-band emission
	No change
	FFS
	FFS

	ACLR
	FFS
	FFS
	FFS

	MPR
	FFS
	FFS
	FFS

	BS receiver requiremens
	FFS
	FFS
	FFS


3.  Conclusion
In this contribution, the impact of IMD3 on RF requirements are analyzed for different interlace structures and our observations are captured as below
Observation 1a: For single interlace or contiguous multi-interlaces with equally-spaced RB allocations, existing in band emission requirements are applied, while MPR, ACLR and BS receiver requirement should be FFS. 
Observation 1b: For non-contiguous multi-interlaces with equally-spaced RB allocations, in band emission requirement, MPR, ACLR and BS receiver requirements should be FFS.
Observation 2: For single interlace with unequally-spaced RB allocations, in band emission, MPR, ACLR requirements and BS receiver requirements should be FFS. Due to accumulated IMD3 level weakens, hence the impacts of non-linearity on RF requirements are milder than interlace case with equally-spaced RB allocations, especially out of band emissions and BS receiver requirements.
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