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1. Introduction
The current UE and eNB specifications, 36.101 [1] and 36.104 [2], define a nominal spacing between contiguously aggregated adjacent CA carriers.  The requirements in 36.101 are defined in section 5.7.1A for bandwidth class C (2-carrier CA).  The requirements in 36.104 are defined section 5.7.1A for all carrier aggregation schemes.  The adjacent carrier spacing requirements are intended to provide internal guard bands, however the guard bands are only to provide against self-interference.  Now that more than 2 carriers are being aggregated, the spectrum dedicated to internal guard bands is becoming significant. The 36.101 and 36.104 specifications also state that closer spacing is allowed providing that the carrier spacing adheres to the 300 kHz raster requirement.  The minimum allowed spacing was defined in Table 5.7.1-2 of CA-BS-TR-36808-V100 [3].  

2. CA Adjacent Carrier Spacing 
2.1 Nominal Channel spacing
Nominal channel spacing for two adjacent 20 MHz carriers is 19.8MHz Fc-Fc, leaving a 1.8MHz gap between the highest RB of the lower carrier and the lowest RB of the upper carrier. When more than two carriers are aggregated, there will be a 1.8MHz gap between each two adjacent pairs.  For 3-carrier CA, this means 3.6MHz is used up.  For 5-carrier CA, 7.2MHz is used for gaps.
The nominal spacing for adjacent contiguous CA carriers in 36.101 bandwidth class C, and 36.104 is given by the equation:  


19.8 MHz
Fc
Fc

Nominal Channel Spacing for 20 MHz carriers


1.8 MHz



Qualcomm in [6] proposes to replace the reference to bandwidth class and use nominal channel spacing based on adjacent channel bandwidths.  This is shown below for reference:
5.7.1A	Channel spacing for CA
For intra-band contiguous carrier aggregation with two or more component carriers, the nominal channel spacing between any two adjacent E-UTRA component carriers is defined as the following:

where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective adjacent E-UTRA component carriers according to Table 5.6-1 with values in MHz. The channel spacing for intra-band contiguous carrier aggregation can be adjusted to any multiple of 300 kHz less than the nominal channel spacing to optimize performance in a particular deployment scenario.



2.2 Minimal Channel Spacing

	The minimum spacing for CA adjacent 20MHz carriers is given in CA-BS-TR-36808-V100 Table 5.7.1-2 as 18.3MHz.  This Fc-Fc spacing results in an internal gap of only 0.3MHz, as compared to 1.8 MHz for nominal channel spacing.  Closer spacing allows better utilization of spectrum by not wasting valuable spectrum in internal guard bands when not needed.  For deployments in which all downlink CA component carriers are sent from the same transmitter and are oversampled in the UE receiver, the component carriers are orthogonal and do not require large guard bands.  This orthogonality allows the use of the minimal channel spacing currently allowed by the 36.101 and 36.104 specifications and defined in TR 36.808.  
18.3 MHz
Fc
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Minimal Spacing for 20 MHz carriers

300 KHz




Closer spacing benefits all network operators especially those with limited spectrum allocations.  A good example of this is the  US Band 41 spectrum allocation.  Each frequency block is allocated on a geographic basis and the geographic area varies based on the licensed block. 
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Figure 1: US Band 41 spectrum allocation
In this example  a network operator   using minimal channel spacing would be able to use the 57.5 MHz block between K and H block to deploy 3 adjacent 20 MHz carriers. Whereas the use of nominal channel spacing would require a contiguous 60 MHz block to deploy 3 adjacent 20 MHz carriers. 

Use of minimal channel spacing allows for increased block spectral efficiency in bands 1,2,3,7,9,10,22,25,35,36,40,41,42,43,44. All of these bands have greater than 60 MHz blocks allocated. For region’s that haven’t allocated these band the use of minimal channel spacing opens the door to allocating the bands to more operators. 
2.2.1 Improved OOBE and/or reduced AMPR needed to meet OOBE requirement at block edge 
Although this contribution contains no proposals for changing guard band requirement for the purpose of enabling minimal channel spacing, reducing the spacing will mean the effective guard band will be greater, thus delivering some additional benefits.   While 3GPP uses carrier based OOBE requirements there are a number regions requiring block edge requirements, In this case the increased external guardband resulting from the use of minimal channel spacing results in improved OOBE levels at the block edge without impacting the standard guard at the channel edge..  For the 3 carrier CA using 20 MHz channels the extra 1.5 MHz guardband generated by using minimal channel spacing very likely moves the OOBe requirement at the block edge from the 0-1 MHz requirement to the 1-2.5 MHz requirement in TS 36.101 section 6.6.2.2.2 (Minimum requirement network signalled value "NS_04")table 6.6.2.2.2-1 (NS_04).  

Extra GB between edge of carrier and block edge. There is an additional 1.5 MHz GB for 3 carrier , 2.25 MHz GB for 4 carriers and 3 MHz GB for 5 carriers. 
Nominal Guard Band from edge of carrier
Block edge OOBE requirement
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 Proposal 1 for approval: 
Use the nominal channel spacing formula found in [6] section 2.1 and in addition adopt core and performance requirements for minimal channel spacing for adjacent 20 MHz carriers ( as defined in [3]). 

2.2.2 Compatibility with legacy UE’s supporting nominal channel spacing. 
Companies expressed concern with the ability of legacy UE’s to function in a network supporting minimal channel spacing on 2 and 3 DL carriers.  Network operators  with deployments using nominal channel spacing aren’t affected because bandwidth class D UE’s are required to support both nominal and minimal channel spacing.  
Network operators deploying minimal channel spacing in accordance with 36.101 section 5.7.1A  (“The channel spacing for intra-band contiguous carrier aggregation can be adjusted to any multiple of 300 kHz less than the nominal channel spacing to optimize performance in a particular deployment scenario” ) would need to require bandwidth class C UE’s to support minimal channel spacing in their Network Operator requirements.  Logically if a UE supports minimal channel spacing for bandwidth class D then the UE should be able to support minimal channel spacing for bandwidth class C. 
UE’s report the supported bandwidth class per band so it would be fairly easy to differentiate which UE’s support minimal channel spacing by using the bandwidth class. Network operators using minimal channel spacing would need to restrict bandwidth class A and bandwidth class B devices to single carrier operation. 

3. Outside Guard band for minimal and nominal channel spacing

Previously RAN4, [4] [5] [6], discussed the exterior guardband requirements for 3 carrier DL CA. There were other guard bands proposed during RAN4#69, however it is proposed that the exterior guardband used for both minimal and nominal channel spacing are similar to what was proposed in [5].  The basic proposal is the same with language added that clarifies that the outside guard band is independent of the channel spacing.  
Proposal 2 for approval : The outside guard band is set to 0.05 max (BWChannel(lowest), BWChannel(highest)), for intra-band contiguous CA.  The outside Guard bands prescribed in the formula are independent of carrier spacing and thus apply to both minimal and nominal channel spacing 


4. Summary and Proposals for approval
The contribution R4-137151, Way Forward for Contiguous CA Carrier Spacing [4], suggested defining requirements and tests for the minimum spacing defined in [3] for adjacent 20MHz carriers.  We propose that the principals in [4] be adopted in principal so that operators can deploy closely spaced 20MHz carriers that are compliant to the current specifications.  Those requirements and tests will be in addition to the requirements & tests for the nominal spacing.  These are for approval by RAN4.. 
Proposal 1: Channel Spacing
Use the nominal channel spacing formula found in [6] section XX and in addition adopt core and performance requirements for minimal channel spacing for adjacent 20 MHz carriers ( as defined in [3]). 
Proposal 2: Outside Guard Band 
The outside guard band is set to 0.05 max (BWChannel(lowest), BWChannel(highest)), for intra-band contiguous CA.  The outside Guard bands prescribed in the formula are independent of carrier spacing and thus apply to both minimal and nominal channel spacing
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