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1 Background

In this contribution we propose test configurations for ACS, in-band blocking (IBB) and narrow-band blocking (NBB)  for NR operations below 6 GHz. These cases should be considered together for the performance of different “blocks” of the receiver are verified in the respective test case. One or the other of these requirements may be dimensioning depending on the receiver implementation. LTE has shown that it is possible to meet, and in some cases considerably exceed, the mimimum receiver requirements from a reasonable cost/complexity and power-consumption standpoints. NR should have at least the same selectivity and blocking performance as LTE for bands below 2.7 GHz (re-farmed and new bands).
2 Test configurations for ACS and in-band blocking

The choice of the interferer bandwidth(s) is important recognizing that only one case is specified per wanted channel bandwidth. Coexistence studies often consider the average performance of ACS (at a certain percentile), but in-band blocking performance is equally important, particularly for uncoordinated operations. 

For ACS, RAN4 has agreed [1] that the adjacent channel interferer (ACI) bandwidth shall be the same as the wanted channel bandwidth but with modified ACS requirements for 15 and 20 MHz bandwidths: 3 dB and 6 dB tighter requirements, respectively. However, the requirement on analogue selectivity is relaxed when the interferer bandwidth and offsets (w r t center frequencies) increase.
Table 1: Adjacent channel selectivity

	
	
	Channel bandwidth

	Rx Parameter
	Units
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	50
MHz
	100
MHz

	ACS
	dB
	33.0
	33.0
	33.0
	33.0
	33.0
	33.0
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The larger ACI bandwith implies that the in-band blockers (IBB) of fixed power levels will appear further away from the wanted channel. Figure 1 shows the difference between the proposed selectivity/blocking test case for NR and the existing for LTE for the 20 MHz channel bandwidth and an assumption that the IBB interferer power levels will remain unchanged. Instead of in-band blockers with fixed power levels in the adjacent 20 MHz block, NR would have an adjacent channel interferer at lower PSD (and lower total power if NR REFSENS is lower) and higher wanted signal level following the WF in [1]. This This could be perceived as a relaxation for NR (although the aliasing effect for the  ADC sampling rate used must also be considered for the selected interferer bandwidth/offsets as noted in [2]).
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Figure 1: comparison between the selectivity/blocking configuration for LTE and NR. Instead of in-band blockers with fixed power levels in the adjacent 20 MHz block, NR would have an adjacent channel interferer at lower PSD.
For NR bands below 2.7 GHz we therefore propose to reuse the test configuration for LTE to ensure similar performance. It is expected that NR will have to coexist with LTE in most new bands below 2.7 GHz. We make the following:
Proposal 1: NR should have at least the same selectivity and blocking performance as LTE for bands below 2.7 GHz. Consider reuse of the LTE test configuration (interferer BW) for verification of the NR ACS and IBB performance below 2.7 GHz. 
A modified test configurations should be considered for NR bands above 3 GHz. The passbands are wider supporting larger channel bandwidths. Larger ACI bandwidths in accordance with the proposal [1] (Table 1) are more relevant, although 20 MHz adjacent interfers for the 50 and 100 MHz channel bandwidths could be considered for the in-band blockers would appear closer to the wanted channel.
Proposal 2: for bands above 3 GHz, the ACS requirements are specified with an interferer bandwidth (ACI) equal to the wanted channel bandwidth, possibly with a maximum interferer bandwidth of 20 MHz 

Another aspect that may modify requirement is the spectrum utilization, the agreed number of PRB per bandwith are shown in  Table 3 for SCS = 15 kHz. The ACS performance may be degraded, but this may be absorbed by the existing margins for LTE (assuming the same test configuration).
Table 3: agreed spectrum utilization for SCS = 15 kHz
	
	5
MHz 
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	40
MHz

	#PRB
	25
	52
	79
	106
	133
	216


3 In-band blocking requirements

In-band blocking (IBB) requirements is often a compromise between ADC dynamic range, sampling rate and the complexity of analogue filtering (selectivity). The ADC technology is rapidly improving with process node enhancement, and the margins to the minimum IBB requirements often large. Figure 2 shows an example of the analogue selectivity for LTE with a 20 MHz channel bandwidth using a 3rd order filter with the ACS and in-band blockers of 5 MHz bandwidth. For larger channel bandwidths a relaxation of the wanted signal power can be motivated since the analogue selectivity is reduced for a given filter complexity and IBB interferer bandwidth.
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Figure 2: analogue selectivity for the 20 MHz channel bandwidth.
For LTE a relaxation of the power offset w r t REFSENS was specified for the 15 MHz and 20 MHz channel bandwidths in view of a more limited analogue selectivity. However, this relaxation is not needed in many designs. Table 5 shows a provisional parameters for NR operation below 2.7 GHz (c.f. Proposal 1). 
Table 5: In band blocking parameters

	Rx parameter
	Units 
	Channel bandwidth

	
	
	5 MHz 
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + channel bandwidth specific value below

	
	
	6
	6
	[6-7]
	[6-9]
	TBD
	TBD

	BWInterferer 
	MHz
	5
	5
	5
	5
	20
	20

	FIoffset, case 1 
	MHz
	According to IBB1 and off FFT-grid

	FIoffset, case 2 
	MHz
	According to IBB2 and off FFT-grid


The wanted signal power should be the same for verification of out-of-band blocking (OOBB) for the corresponding channel bandwidth. 
4 Narrow-band blocking

It is still relevant to specify narrow-band blocking (NBB) requirements for NR. GSM is phased out and will be around for years in some bands, NB-IoT is deployed in many bands and for uncoordinated TDD UE-UE interference from single UL PRBs into DL victim receivers should be covered. The interference scenario is shown in Figure 3. 
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Figure 3: NBB test case for NR.
The NBB requirement is essentially verifying digital filtering (filter/windowing) and receiver linearity. There is room for improvement compared to the corresponding LTE requirement; e.g. a reduction of the wanted-signal power offset from REFSENS while keeping the blocker level of -55 dBm. However, this does not always call for tighter requirements for it may also allow reduced complexity in other blocks and lower power consumption. The increased spectrum utilization for NR should be considered (Table 3). Use of a modulated interferer would lead to different wanted signal power offsets.
Proposal 3: narrow-band blocking requirements shall be specified for NR bands below 6 GHz.
5 Proposal
NR should have at least the same selectivity and blocking performance as LTE for bands below 2.7 GHz (re-farmed and new bands). Modified test configurations are to be considered for bands above 3 GHz. We propose the following:

Proposal 1: NR should have at least the same selectivity and blocking performance as LTE for bands below 2.7 GHz. Consider reuse of the LTE test configuration (interferer BW) for verification of the NR ACS and IBB performance below 2.7 GHz. 
Proposal 2: for bands above 3 GHz, the ACS requirements are specified with an interferer bandwidth (ACI) equal to the wanted channel bandwidth, possibly with a maximum interferer bandwidth of 20 MHz 

Proposal 3: narrow-band blocking requirements shall be specified for NR bands below 6 GHz.

References
1. R4-1706525, “UE ACS for Sub-6 GHz”, Intel Corporation
2. R4-1706634, “NR UE sub-6GHz ACS requirement”, MediaTek Inc.
