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Introduction
In RAN4 NR AH#1801 the draft CR on REFSENS [1] was endorsed to adopt the same NF level for WA, MR and LA BS for FR2. Furthermore, the TP on FR2 REFSENS [2] was approved to capture legacy agreement such as NF and assumption of antenna gain. Even with such agreements, the FR2 REFSENS is still open since pending issues of SNR and IM. Furthermore, it is recognized that the implementation difference between 28GHz and 39GHz frequency range needs to be addressed. But how to optimize the specification is still TBD. Consequently, in this contribution further discussion regarding IM and 39GHz frequency update for REFSENS is provided based on [3].
Discussion
As captured in [2], for WA BS REFSENS it is derived based on below formula:

	
And for WA antenna gain (G) with range of [10-30] dB considered in FR2 REFSENS it is clearly explained in [2] that it “includes the antenna gain and the antenna loss”. Furthermore, it is illustrated that:
Losses may arise from a number of factors, including array related aspects such as scan loss, mutual coupling, steering loss, RF phase error, beam straddling, allowances for beam shaping algorithms, drop towards the coverage edge, radome related losses, , and any other antenna array related RF losses. 
The current agreements assume there are no filter losses included, if band filtering is needed between the LNA and the antenna then additional loss may be added the value of this is FFS.
It is FFS is antenna mismatch is included as part of G or IM.

As indicated in TP, there are still different views regarding whether the antenna mismatch between RF chain and antenna array is included in antenna gain or IM. The motivation to abstract the antenna mismatch from antenna gain assumption is partially explained in companion contribution [4]. Antenna gain is assumed to be identical as RX and TX for MMW. However, the antenna mismatch may not be the same. If in future study, for some test cases the Tx antenna gain is requested to be declared, it would be helpful to avoid potential confusion by exclusion antenna mismatch outside the antenna gain.
Proposal 1: it is proposed to include antenna mismatch in IM. 

Since current specification on FR2 REFSENS is based only with 28GHz NF and antenna gain assumption, how to capture the 39GHz requirement needs to be decided further. Obviously more implementation challenging would be encountered in higher frequency range of 39GHz band compared with 28GHz. Besides 2dB additional NF relaxation, larger IM should be considered as well. As shown in [3], the delta between IM of 28GHz and 39GHz is approximately around 1dB. Consequently, there are two options to include 39GHz frequency range REFSENS in specification as below. It is proposed to decide which option to be selected to capture 39GHz band REFSENS in specification
Option 1: extent the current REFSENS requirement higher limit with 3dB to incorporate 39GHz band performance.  
It could be implemented in specification as:
<Start of change>
For wide area BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-87-10+IM+SINR] to [-87-30+IM+SINR+3]. The specific value is declared by the vendor.
For medium range BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-8782-0+IM+SINR] to [-8782-20+IM+SINR+3]. The specific value is declared by the vendor.
For local area area BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-8779-0+IM+SINR] to [-8779-20+IM+SINR+3]. The specific value is declared by the vendor.
Editors note: The upper and lower values for the sensitivity range will be expressed numerically as single numbers, not a formula in the final specification.
<End of change>

Option 2: Include dedicated requirement range for each frequency range of 28GHz and 39GHz bands. 
<Start of change>
For bands defined within the frequency spectrum range of 24.24 – 33.4 GHz, the following requirements shall be met.
For wide area BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-87-10+IM+SINR] to [-87-30+IM+SINR]. The specific value is declared by the vendor.
For medium range BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-8782-0+IM+SINR] to [-8782-20+IM+SINR]. The specific value is declared by the vendor.
For local area area BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-8779-0+IM+SINR] to [-8779-20+IM+SINR]. The specific value is declared by the vendor.
For bands defined within the frequency spectrum range of 37 – 52.6 GHz GHz, the following requirements shall be met.
For wide area BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-89-10+IM+SINR] to [-89-30+IM+SINR]. The specific value is declared by the vendor.
For medium range BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-87-0+IM+SINR] to [-89-20+IM+SINR]. The specific value is declared by the vendor.
For local area area BS, the OTA reference sensitivity level for FR2 is an [integer] value in the range [-89-0+IM+SINR] to [-89-20+IM+SINR]. The specific value is declared by the vendor.

Editors note: The upper and lower values for the sensitivity range will be expressed numerically as single numbers, not a formula in the final specification.
<End of change>

Conclusion
In this contribution the remaining issues for FR2 REFSENS definition were discussed further with following proposals:
Proposal 1: it is proposed to include antenna mismatch in IM. 
Proposal 2: it is proposed to select one of below options to update 39GHz band REFSENS in TS38.104.
· Option 1: extent the current REFSENS requirement higher limit with 3dB to incorporate 39GHz band performance.  
· Option 2: Include dedicated requirement range for each frequency range of 28GHz and 39GHz bands. 
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