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1. Background

During RAN4#84bis, some agreements were made in regard to defining RX intermodulation requirements for FR2. To date, neither conducted nor OTA RX IM requirements have been agreed for FR1. Since NR must co-exist with E-UTRA in many FR1 bands, E-UTRA RX IM interference profiles can be applied also as NR BS requirements. In this way, NR BS will be protected from E-UTRA interference characteristics. NR BS interference characteristics must also replicate E-UTRA in order to be compatible to E-UTRA; thus meeting E-UTRA RX requirements will also enable NR/NR coexistence.
The attached TP is proposed to capture a decision that for RX IM, the interference characteristics defined for E-UTRA are applied for NR.

TEXT PROPOSAL:

----------------- First changed section ----------------------------------
7.7
Receiver intermodulation


For re-farming bands, requirements must take into account blocking and interference characteristics of E-UTRA networks, which may be operating in the same band. Furthermore, the blocking and interference characteristics of NR networks must replicate those of E-UTRA in order that E-UTRA BS meeting the corresponding E-UTRA requirements are not impacted. Thus, for FR1, the same RX IM interference profiles are used as for E-UTRA.
Requirements are set for all possible SCS of the wanted signal. However only the lowest supported SCS for the wanted signal needs to be tested.
The SCS for the modulated interferer is the same as for the wanted signal, in order to ensure that any peaks of the IM product align with the wanted signal. The bandwidth for the modulated signal is 5MHz for the 15 and 30khz SCs to be consistent to E-UTRA, and 10MHz for the 60k SCS since 5MHz is not supported with 60khz SCS.
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Figure 7.7-1 IM SCS is the same as the wanted signal SCS so that subcarriers align
The frequency locations of the interferers have to be re-calculated for NR in FR1 (compared to E-UTRA) due to the different bandwidths, sub-carrier spacings and spectrum utilization for NR. The modulated interferer is kept located 17.5MHz from the bandwidth edge (similarly to the modulated interferer for E-UTRA) for the 15 and 30k SCS and 20MHz from the bandwidth edge for the 60k SCS. The CW interferer position is then calculated as follows, in order that the IM product of the modulated interferer falls exactly onto the final PRBs of the wanted signal:
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Where
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 = Channel bandwidth of the wanted signal

NRB,carrier = Number of utilized carrier resource blocks on RF carrier

 Gwanted = Guard at each side of the wanted signal (in MHz)

Ginterferer = Guard at each side of the modulated interferer signal (in MHz)
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= Distance in MHz of the CW from the BS RF bandwidth edge

BWinterferer (MHz) –The channel bandwidth of the interferer signal

For narrowband RX intermodulation, since narrowband system characteristics will be the same for E-UTRA and UTRA, the narrowband levels and framework for E-UTRA can be-used. However due to the different bandwidths, SCS and spectrum utilization for NR, the positions in frequency of the interferers must be calculated in the following manner:

Firstly, an initial position of the CW is estimated. The CW is set at the centre of the lowest frequency PRB of a B MHz carrier for E-UTRA, that is located immediately adjacent to the carrier under test. This implies that the centre of an adjacent carrier would be B/2 from the edge of the BS RF bandwidth, and the centre of the lowest frequency PRB is [12*SCS]*0.5 khz from the edge of the BS RF bandwidth, where SCS is the subcarrier spacing of the interferer (and wanted signal).
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Figure 7.7-1 Initial position of CW for RX narrowband IM requirement
Assuming a CW placed at [12*SCS]*0.5 khz from the BS RF edge, the position of the centre of the interferer PRB is calculated such that the IM product falls across the last used PRB of the wanted signal. This frequency will depend on the spectrum utilization of the wanted signal and is given by:
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Where
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 = Channel bandwidth of the wanted signal

NRB,carrier = Number of utilized carrier resource blocks on RF carrier

Gwanted = Guard at each side of the wanted signal (in MHz)

Ginterferer = Guard at each side of the interferer signal (in MHz)
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= Distance in kHz of the narrowband blocker PRB centre from the BS RF bandwidth edge
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– half of the bandwidth of the single RB interferer

The RB centre may not fall on the RB grid for the imaginary B MHz neighbor carrier. If this is the case, then the RB centre frequency is adjusted such that the RB falls onto one of the PRB positions of the B MHz neighbor carrier.
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Figure 7.7-2 Initial position and adjustment of interferer RB for narrowband IM requirement
Once the single RB frequency location is decided in this way, the CW frequency is recalculated such that the IM product still falls onto the final RB of the wanted signal. The new location for the CW can be calculated as follows:
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Where
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 is the re-allocated position of the single RB interferer
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Figure 7.7-3 Adjusment of CW position for narrowband IM requirement
----------------- Second changed section ----------------------------------
10.8
OTA Receiver intermodulation

10.8.1
General Receiver intermodulation
The blocking requirements capture the selectivity of the receiver, whilst the receiver intermodulation given the two interferers condition would capture the linearity of the receiver. 

Considering the general receiver intermodulation requirements with two interferers (one modulated and one CW) and corresponding joint probabilities between the two interferers which would be lower than one interferer, the relation between general blocking level and receiver intermodulation level is summarized in Table 10.8.1-1 which indicate an offset in level around 8-9 dB between general blocking and receiver intermodulation interferer levels of ~8-9 dB. Note that for receiver intermodulation, interferers having same level resemble the worst case compared to asymmetrical interferer levels. 

Table 10.8.1-1:
Existing general receiver blocking and intermodulation requirements
	
	UTRA

25.104
	E-UTRA

36.104
	MSR

37.104

	General blocking level
	-40 dBm
	-43 dBm
	-40 dBm

	General receiver intermodulation level
	-48 dBm
	-52 dBm
	-48 dBm

	Level offset
	8 dB
	9 dB
	8 dB


For FR1, the E-UTRA AAS RX intermodulation interferer principle is used. The NR conducted levels and frequencies are used for OTA, with OTA levels set based on both OTA reference sensitivity and OTA minimum sensitivity. The eAAS TR [9] describes the setting of OTA levels for RX intermodulation in more detail.
Given the involvement of statistics of two interferer and OTA spatial aspect for mm-waves and possible non-symmetrical interferer levels etc, to avoid lengthy investigation, a pragmatic approach similar to existing RATs is used to define the receiver intermodulation requirements for FR2 bands. Thus, simulations of interferer levels were carried out under the assumption that the requirement would be based on equal levels. The simulations demonstrated that the for 1% RX IM probability, the RX IM interferer levels are around 8-10dB lower than the in band blocking level under this assumption.
Thus it was decided that for FR2, the interferer levels for general receiver intermodulation should be derived by applying an offset of [9 dB] below OTA blocking levels.

In addition, for FR2, the modulated interferer bandwidth should be 50 MHz but larger interferer bandwidths are not precluded in later releases when wide band operation is considered.
FR2 RX IM requirements are specified for both the 60 and 120 khz SCS, however testing is only required with the lowest SCS. The SCS for the modulated interferer is the same as for the wanted signal.

The interferer positions for FR2 are decided as follows. The 50MHz interferer is placed such that the centre of the interferer is located 40MHz from the RF bandwidth edge of the BS. The location of the CW interferer depends on the channel bandwidth of the wanted signal and the associated spectrum utilization, and is calculated as follows:
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Where

CBWwanted = Channel bandwidth of the wanted signal

NRB,carrier = Number of utilized carrier resource blocks on RF carrier

Gwanted = Guard at each side of the wanted signal (in MHz)

Ginterferer = Guard at each side of the modulated interferer signal (in MHz)

[image: image25.png]


= Distance in MHz of the CW from the BS RF bandwidth edge

25MHz – half of the channel bandwidth of the interferer

BWChannel  (MHz) –The channel bandwidth of the wanted signal

10.8.2
Narrowband Receiver intermodulation
The narrowband receiver intermodulation specified for E-UTRA is based on single PRB interferer and CW interferer capturing the co-existence in bands with narrow band systems such as GSM. For FR1, the E-UTRA AAS narrowband RX IM OTA principle is applied. The conducted NR narrowband IM levels and frequencies are used, whilst OTA levels are set according to OTA reference sensitivity and OTA minimum sensitivity.The eAAS TR [9] describes the setting of OTA levels for RX narrowband intermodulation in more detail.. As FR2 bands would be dedicated to NR and minimum bandwidth is 50 MHz and even adjacent bands e.g. in 23.6-24 GHz has carrier bandwidth of 100 MHz and 200 MHz, there is no need for narrowband receiver intermodulation requirements for FR2 and thus requirements should not be specified. 
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