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1 Background

In this brief we discuss the specification of REFSENS for NR bands below 6 GHz. For the bands in the 3.5 GHz range the agreed WF [1] states;
· REFSENS = -174dBm + NF + 10*log(RXBW) - Diversity gain + SNR + IM
· Diversity gain is 3dB for 2 RX antenna case
· Antenna correlation issues may be embedded in IM taking into account the frequency range, note that for test the 3dB apply as it is a conducted test. 
· RXBW is transmission bandwidth per channel BW and SCS. See values in next page
· NF is maximum [9-10dB] for C-Bands (n77, n78)
· NF is maximum [9-11dB] for C-Bands (n79)
· IM is [0.5-2.5dB] for C-Bands (n77, n78, n79)
· For bellow 3GHz NF and IM may be different especially taking into account critical FDD cases and could be evaluated per band. Values are FSS
· SNR is FSS depending on reference signal and receiver demodulator performance. Assumption is QPSK with coding rate TBD.
It may be useful to relate this to some of the assumptions made for the specification of LTE Rel-8.
2 The specification for Rel-8
We begin by recalling some of the assumptions made for the specification of the Rel-8 requirements. The following is an excerpt from [2]: 
< start of quote >

2    Reference measurement channel and SNR 

First we look at the required SNR for a test channel similar to that discussed in [2] Annex C: QPSK R=1/3, full RB allocation, no HARQ and realistic channel estimation. Figure 1 shows the results for the 5, 10 and 20 MHz bandwidths in a SISO case (one receiving antenna) where 12.5 symbols per subframe are allocated to the PDSCH. The results show required SNR = -1 dB for 95% throughput (within 0.2 dB for the bandwidths shown).

Next, turning to the noise figure, we assume 9 dB and an implementation margin (including TX noise) of 2 dB. For other bands, we propose additional relaxations of 1, 2 and 3 dB for duplexer distance / band gap > 1.5, 2 and 4, respectively. Now, since the purpose is to test the noise figure of the receiver (branches), it is proposed that the REFSENS requirement is based on the above SISO result applied to each antenna port: the receiver branches are thus tested separately. 

The resulting sensitivity requirements are shown in the text proposal below (Clause 7.3), these apply to each of the antenna ports.


Figure 1 Throughput as a function of SNR for 5, 10 and 20 MHz bandwidths (throughput in Mbps); one receiving antenna.

The test channels for sensitivity tests could be based on those used for the PDSCH tests but with no HARQ, an example is shown in Table 1 below for the 5 MHz channel bandwidth (slightly smaller pay-load than that used for the results in Figure 1).

Table 1 A possible REFSENS measurement channel.

	Parameter
	Unit
	Value

	Nominal Avg. Inf. Bit Rate
	kbps
	4584

	Information Bit Payload Per Sub-Frame
	Bits
	4584

	Number of HARQ processes
	
	0

	Number Code Blocks Per Sub-Frame
	Blocks
	1

	Binary Channel Bits Per Sub-Frame
	Bits
	13800

	Coding Rate
	
	0.33

	Bandwidth
	MHz
	10

	Number of RBs per OFDM symbol
	
	50

	Number of OFDM symbols per Sub-Frame
	
	11.5

	Number of Allocated Sub-Frames per Radio Frame
	
	10

	Modulation
	
	QPSK


< start of quote >
The assumption of a NF = 9 dB is the same as that made for the specification UTRA Band I during Rel-99 and refers to the noise factor as measured at the antenna port. Likewise, the assumptions of additional relaxations/IL of 1, 2 and 3 dB for the respective duplexer distance / band gap > 1.5, 2 and 4 were based on duplex filter performance in the Rel-99 time frame. Reused for LTE Rel-8, these assumptions implied a NF = 12 dB for the 700 MHz bands Band 12, Band 13 and Band 17. The margins to the resulting minimum requirements for these bands measured on UEs compliant with later releases are very large.

The use of the implementation IM = 2 dB is also interesting in view of the WF [1]. For Rel-8, the IM essentially allowed a relaxation of the SNR for the RMC at its test point. From the figure above the SNR required after MRC combining is    SNR = -1 dB for all bandwidths shown. The simulation results already account for realistic channel estimation; adding the IM resulted in an SNR = 1 dB. The diversity gain was assumed to be 3 dB and thus resulted in a 3 dB lower wanted signal power at the antenna ports. The problem of TX noise was most often addressed by decreasing the UL allocation or moving the allocated RB within the channel bandwidth (Band 20).
More historical inputs can be found in [3] and [4] (just to mention a selection of inputs from Ericsson, there were also substantial contributions on receiver requirements from other companies). 
3 RMC for NR
The RMC used for LTE is based on QPSK 1/3. It may be beneficial to reuse the same code rate for NR even though the pilots are not the same. Using a lower code rate for NR and just looking at the absolute REFSENS power levels may give the false impression that NR has superior performance to LTE when noise factors are in fact comparable. The REFSENS test is primarily a noise factor test.
4 The specification for NR

The specification of REFSENS should not carry over assumptions made for Rel-8, which led to overly lax requirements for many bands specified in the Rel-8 time frame. Moreover, for bands specified in later releases, the requirements were based on comparisons with core bands specified in Rel-8. This does not mean that margins are excessive for all bands, but RF technology has evolved since Rel-8.
One way to obtain more relevant requirements for NR could be to start by an assumption on the NF at the LNA input, add the relevant band-specific IL for the front-end between the antenna port and the LNA and then account for the TX noise. The NF of the LNA could also include a frequency dependence: for some LNA designs the NF is about 0.5 dB higher at 5 GHz compared to that at 2 GHz. The IL could also account for more complex front-ends of UE(s) supporting CA/DC.
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