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1 Discussion
In RAN4#78 meeting, we provided a discussion on co-location spurious emissions test for AAS [1]. In order to solve the problem of co-location spurious emissions test, we put forward the necessity of revising co-location MCL of AAS for high frequency deployment. In this contribution, we would like to discuss how to revisit it for high frequency deployment. 
1.1 Motivation
As discussed in the last meeting, we recommend reconsidering the co-location MCL for high frequency deployment is based on the following reasons. 
· MCL should be revisited related to the frequency： The existing co-location MCL was defined as 30dB which is based on low frequency band, but multiple antenna AAS will be used in high frequency band. Therefore, the co-location MCL of AAS needs to be revisited for high frequency deployment.
· MCL influence the co-location spurious emission requirements: The strict co-location spurious emissions requirements may influence the implementation of test. Increasing the co-location MCL can relax spurious emissions limits. New spurious emissions limits might meet spectrum analyzer testing capability.
· Revisit MCL is helpful for product implementation: Increasing the co-location MCL of AAS may relax spurious emissions limits for co-located with another BS. The relaxation spurious emissions requirement for AAS is more advantageous to product development and implementation. In addition, this will ensure the deployment schedule of operators.
The following sections further analyse how to revisit the co-location MCL of AAS for high frequency deployment.
1.2 The existing rationale for MCL value for co-located base stations
The existing MCL value of co-location with other base stations was defined in release 8 of 2008 (TS 36.104). When we consider the co-location problems, the requirements always assume a 30 dB coupling loss between transmitter and receiver and are based on co-location with base stations. MCL of it has been a constant value, regardless of the BS in which frequency application.
In TS 36.104[2], the co-location MCL is described as below:
“These requirements may be applied for the protection of other BS receivers when GSM900, DCS1800, PCS1900, GSM850, CDMA850, UTRA FDD, UTRA TDD and/or E-UTRA BS are co-located with an E-UTRA BS. The requirements assume a 30 dB coupling loss between transmitter and receiver and are based on co-location with base stations of the same class. ”
“           NOTE 1:
As defined in the scope for spurious emissions in this clause, the co-location requirements in Table 6.6.4.4.1-1 to Table 6.6.4.4.1-3 do not apply for the 10 MHz frequency range immediately outside the BS transmit frequency range of a downlink operating band (see Table 5.5-1). The current state-of-the-art technology does not allow a single generic solution for co-location with other system on adjacent frequencies for 30dB BS-BS minimum coupling loss. However, there are certain site-engineering solutions that can be used. These techniques are addressed in TR 25.942.”
We can find the rationale for MCL value for co-located base stations in TR 25.942 [3]. Below is the evaluation method of MCL for co-located BS-BS.
“The coupling losses between two co-sited base stations are depending on e.g. the deployment scenario and BS antenna gain values. As seen from e.g. [28], different deployment scenarios give raise to a large variation in coupling loss values. However, in order not to have different requirements for different deployment scenarios, it is fruitful to use one value of the minimum coupling loss (MCL) representing all deployment scenarios.
For the case of two operators co-siting their antenna installations on a roof-top, the antennas could be situated in each other's far-fields and the isolation that occur between the sites can be analysed using the ordinary Friis' transmission equation:
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where R is the distance between the antennas,
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 is the wavelength and Gain is the total effective gain of the two antennas.

When applying this equation to a deployment scenario with a separation distance of 10 meters between the two sites, both using 65 (14 dBi) sector antennas, an isolation of about 30 dB occur when the antennas are situated in a 35 angle compared to each other. This deployment scenario is regarded as typical to many co-sited antenna installations.”
We can see that from the existing rationale of MCL equation, high frequency can lead to larger isolation. Considering the co-location MCL=30 dB has fulfilled all frequency bands, the 900 MHz is probably the worst case. So the high frequency such as1800 MHz should have larger isolation than 900MHz.
For the large scale of antenna array AAS will be probably deployed in high frequency. Many manufacturers developed AAS prototype, and its working frequency band is above 2.5 GHz, and may be even higher in the future.

In sum, we think that continue to use 30dB MCL is not appropriate AAS deployed in high frequency. We propose to revisit co-location MCL value of AAS for frequency bands above 1.8GHz.
Proposal 1:  Revisit co-location MCL value of AAS for frequency bands above 1.8GHz.
1.3 How to revisit the co-location MCL value of AAS for high frequency deployment
· Theoretical calculation
Based on the above calculation method of MCL, MCL value is associated with many factors, such as antenna angle, distance, frequency and the antenna gain. When we use the above equation to reconsider co-location MCL, We assume that the antenna angle, antenna gain and distance are the same as before. Just consider the deployment of the frequency.
·   MCL calculated value under the different frequencies: According to the calculation formula of isolation, below is MCL in the calculated value of different frequency bands. We can see that the MCL of 1.8 GHz and 2.5GHz are 6 dB and 9 dB more than 900MHz respectively.

	Frequency
	900MHz
	1.8GHz
	2.5GHz
	3.5GHz

	Isolation(MCL)
	30dB
	36dB
	39dB
	42dB


Table 1 MCL calculated value under the different frequencies
· Practical measurement
We have done a lot of antenna-to-antenna isolation measurements base on traditional Base station in 1.8GHz. The results show that the isolation of practical measurement is larger than the theoretical calculation. We tested three antenna scenarios as follows.
· Case1: Fixed TDD antenna, rotating FDD antenna.
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· Case2: Fixed FDD antenna , rotating TDD antenna 
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· Case3: TDD and FDD antenna rotating at the same time.
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	As mentioned in section 1.2, the existing scenario of isolation equation with a separation distance of 10 meters between the two sites, both using 65°(14dBi) sector antennas, and the antennas are situated in a 35°angle compared to each other. Our practical measurement is under a more stringent condition than it. The range of inward angle from 30 ° to 60 °, and the distance less than 10 meters, measurements results show that MCL can meet the 50 dB in 1.8GHz.
　
	　
	Case 1 
	Case2
	Case3

	Isolation

Meet 50 dB 
	No inward Angle 
	1m
	1m
	1m

	
	Inward Angle 30° 
	3m
	2m
	7m

	
	Inward Angle 60°
	7m 
	5m
	10m 

	
	Inward Angle 90°
	7~10m 
	7~10m 
	More than 10 meters


                                                                     Table 2: Isolation measurement
Both theoretical calculation and practical measurement show that the co-location MCL has a large room in high frequency band. The existing co-location MCL=30 dB is not applicable for AAS in high frequency deployment. Based on the analysis above, the co-location MCL value of AAS is proposed to be more than 40dB for frequency band above 1.8GHz. 
Proposal 2:  The co-location MCL value of AAS is proposed to be more than 40dB for frequency band above 1.8GHz.
2 Conclusions

Proposal 1: Revisit co-location MCL value of AAS for frequency bands above 1.8GHz.
Proposal 2: The co-location MCL value of AAS is proposed to be more than 40dB for frequency band above 1.8GHz.
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