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1 Introduction
In RAN4 NR AH#2 meetings, ΔfUEM = 40MHz for NR bands equal to or  wider than 100MHz has been agreed as the baseline for the boundary between UEM and spurious emission for both Cat A and Cat B[1]. For NR bands less than 100MHz, there are no much detailed investigation and discussion on the boundary between UEM and spurious emission before this meeting. Therefore in this contribution, we will share some further consideration on this aspect for further discussion. 

2 Discussion
As we know that, the AAU architecture of NR BS is quite different from that of legacy LTE BS. For legacy LTE BS, limited RF chains with high output power and large passive antenna array are implemented as shown in Figure1, however for NR BS, much more much more RF chains with lower output power directly connected with antenna element. Here when we are discussing the boundary between OOB and spurious emission, the analog filter inserted between the RF chain and antenna element should be mainly taken into account. 
[image: image1.emf]


Figure1. The illustration of legacy LTE BS with 8Tx 
For legacy LTE BS, as output power per transceiver chain could be very high (e.g. 43dBm per RF chain), therefore large metal cavity filter was implemented to fulfil the ACLR and UEM requirement. However for NR BS, output power within each small transceiver unit has been decreased a lot (e.g. 5dBm per RF chain unit), large cavity filter is not a good option anymore especially considering the large antenna array architecture (e.g. 64Tx&Rx), therefore some other filter technique as mentioned in the contribution [3] should be considered for optimization of RRU size and power consumption. As for NR bands equal to or larger than 100MHz has been approved, therefore in this contribution, we want to further investigate the reasonable ΔfUEM for NR bands less than 100MHz.
The bands with 40MHz and 60MHz are used for evaluation which is 3560MHz~3600MHz and 3540MHz~3600MHz, the filter technology choice is metal cavity and compare with the filter performance in the condition of the ΔfUEM = 10MHz and ΔfUEM = 20MHz when the spurious domain limit is -30 dBm/MHz at each ΔfUEM outside the edges of the operating band.  In addition, some additional assumptions are made such as 1dB typical insertion loss within the band, ~5W per branch and the filter sizes are based on power tolerance, best cost and size combination for a reasonable technology choice .
The estimated filter performance for the examples of Wband = 60MHz and Wband = 40MHz with two sets of ΔfUEM are shown in Figure1 and Figure2.
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Figure1. Wband = 60MHz, ΔfUEM = 10MHz (Left) and ΔfUEM = 20MHz (Right)
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Figure2. Wband = 40MHz, ΔfUEM = 10MHz (Left) and ΔfUEM = 20MHz (Right)
When the ΔfUEM = 10MHz, the filter size per transceiver unit is about 0.13L with the Q value of 3500 for Wband = 40MHz, and the filter size per branch is about 0.09L with the Q value of 2600 for Wband = 60MHz. If ΔfUEM is defined as 20MHz, then filter size could be decreased around 50%~60% which is a big benefit for light RRU design. 

Although it can be achieved by high Q value, the filter size per element is relatively large. Assumption that a NR type BS has large antenna elements such as 64, the AAU total size will be large with such cavity filter size per element. Larger size filter will cause some other problems such as harmonic which needs additional low pass filter to figure out such harmonic. Therefore, the implementation complexity and cost will be increase a lot. In addition, with such filter size per element, the mean power at each element is much larger than 5W, which means the power tolerance is too large. 
To balance the power tolerance, filter size and cost, smaller the filter size per element is a good choice. The Q value will become smaller as the filter size decreasing, and the insertion loss will become too large when the ΔfUEM is still kept as 10MHz, which will impact the system performance.  According to the above figures, if the insertion loss is kept as the typical value of ~1dB and the same OOB attenuation in the spurious domain, then the ΔfUEM should be extended to 20MHz. 
Proposal: NR should be specified with an UEM defined with ΔfUEM =20 MHz for bands less than 100 MHz.

3 Conclusion
In this paper, we investigate the boundary between OOB and spurious emission for NR bands less than 100MHz of sub 6GHz NR BS. With the filter analysis in the condition of the spurious domain limit -30 dBm/MHz outside the edges of the operating band, and also considering the balance between the power tolerance, filter size and cost, it is proposed:
Proposal: NR should be specified with an UEM defined with ΔfUEM =20 MHz for bands less than 100 MHz. 
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