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1 Background

In this contribution we consider the ACS, in-band blocking (IBB) and narrow-band blocking (NBB) for NR operations below 6 GHz. These requirements should be considered together as the performance of different “blocks” of the receiver (e.g. analogue and digital filtering/windowing) 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 RX requirements at a reasonable cost/complexity and power-consumption standpoint, NR should have at least the same performance as LTE.
From a coexistence rejection standpoint, 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 also 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 in-band blocker interferer offset have hitherto been related to the ACI bandwidth as shown in Figure 1, IBB case 1 (IBB1) is offset by one ACI bandwidth and IBB case 2 (IBB2) by two ACI bandwidths. Obviously, an increased ACI bandwidth implies increased offsets to the in-band blockers that are assumed to be applied at the standard -56 dBm and -44 dBm levels. Comparing NR with LTE for a 20 MHz bandwidth, we now have a 20 MHz ACI at a ‘lower’ level than the IBB1 (-56 dBm with a 5 MHz gap to the wanted signal) and IBB2 levels (-44 dBm with a 10 MHz gap to the wanted signal) for LTE. This could be perceived as a relaxation for NR. However, the aliasing effect (folding of interferer) for the  ADC sampling rate used must also be considered for the selected interferer bandwidth/offsets as noted in [2].
Another aspect is the interference scenario. NR bands with very large passbands (e.g. 3.3-4.2 GHz) with very large passband will be specified, but it may nevertheless be relevant to consider E-UTRA 20 MHz adjacent interfers for the 50 and 100 MHz channel bandwidths also considering that the in-band blockers will appear closer to the wanted channel. 
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Figure 1: interferer offsets for adjacent channel interferer (ACI) and the in-band blocking cases.
In view of the above we propose slight changes to the ACS interference scenarios agreed in [1].
2 Non-CA operation
2.1 ACS

For ACS it is proposed to modify the interferer bandwidth and ACS requirements for the 50 MHz and 100 MHz channel bandwidths to 20 MHz. The ACS for the 50 MHz and 100 MHz case is modified to the respective 30 dB and 27 dB as shown in Table 3, assuming the same analogue selectivity as the 15 MHz and 20 MHz LTE channel bandwidth cases with their 5 MHz interferer bandwidth.
Table 3: 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
	30
	27


Table 4: Test parameters for Adjacent channel selectivity, Case 1

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	5 MHz 
	10 MHz
	15 MHz
	20 MHz
	50 MHz
	100 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB

	PInterferer
	dBm
	REFSENS + X dB
	REFSENS + X dB
	REFSENS + X dB
	REFSENS + X dB
	REFSENS + (X – 3) dB
	REFSENS + (X – 6) dB

	BWInterferer 
	MHz
	5
	10
	15
	20
	20
	20

	FInterferer (offset)
	MHz
	Off FFT grid at the requiste offset with nominal channel spacing


It is noted that the typical performance for LTE devices often far exceed the minimum requirements (order of 10 dB better), but other aspects for the wider bandwidths noted in [2] should also be considered. 
2.2 In-band blocking requirements

For in-band blocking requirements the inteferer bandwidth would be the same as the wanted signal bandwidth as shown in Figure 1 up to the 20 MHz channel bandwidth, and 20 MHz for the 50 and 100 MHz channel bandwidth. 

Proposed wanted-signal power offsets for the IBB1 and IBB2 cases are shown in Table 5. For the 50 and 100 MHz bandwidths, one could consider smaller power offsets in the range of those specified for the 15 and 20 MHz cases for LTE with its 5 MHz interferer bandwidth. Sufficient analogue selectivity is important for in-band blocking performance. Figure 2 shows an example of the analogue selectivity for LTE with a 20 MHz channel bandwidth using a 3rd order filter; for the aforementioned 50 and 100 MHz discussion for NR we assumed scaling of the corresponding 15 and 20 MHz LTE cases considering that the interferer offset and bandwidth are wider for NR. Now, other filter orders can of course be considered; there are also other aspects to consider when designing the receiver.
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Figure 2: analogue selectivity for the 20 MHz channel bandwidth.
Table 5: In band blocking parameters

	Rx parameter
	Units 
	Channel bandwidth

	
	
	5 MHz 
	10 MHz
	15 MHz
	20 MHz
	50 MHz
	100 MHz

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

	
	
	6
	6
	6
	6
	[6]
	[6-9]

	BWInterferer 
	MHz
	5
	10
	15
	20
	20
	20

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

	FIoffset, case 2 
	MHz
	According to IBB2 in Figure 1 and off FFT-grid


2.3 Narrow-band blocking

It is still relevant to specify narrow-band blocking (NBB) requirements for NR. GSM is phased out (but will be around for years in some bands, but 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. For LTE the interferer is a CW, but for NR one could consider a one-PRB modulated interferer that would correspond to a NB-IoT adjacent interferer.
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Figure 3: NBB test case for LTE.
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. Use of a modulated interferer would lead to different power offsets.
The interference offset also need consideration; NB-IoT interferers could be present in the internal guard of the adjacent channel.
Table 6: Narrow-band blocking

	Parameter
	Unit
	Channel Bandwidth

	
	
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	50 MHz
	100 MHz

	Pw
	dBm
	PREFSENS + channel-bandwidth specific value below

	
	
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	Puw (type TBD)
	dBm
	-55
	-55
	-55
	-55
	-55
	-55

	Fuw (offset)

	MHz
	Offset according to Figure 3 and off the FFT-grid


3 ACS for intra-band CA

For NR intra-band carrier aggregation an interfer bandwidth of 20 MHz interferer bandwidth could be considered assuming reuse of the LTE BW classes A-F. The interference scenario could be an 20 MHz E-UTRA adjacent channel interferer in an operating band with a wide passband. 
The ACS requirement for aggregation of e.g. four or five 20 MHz NR carriers could potentially be tightened compared to the corresponding LTE case. Figure 4 shows the analogue selectivity for a 100 MHz aggregated bandwidth (one LO) with 25 MHz interferers. This is a scaled version of the 20 MHz LTE case with its 5 MHz interference bandwidth shown in Figure 3 above. One could argue that the NR case of 100 MHz aggregated bandwidth should have the same selectivity as the LTE case of a single 20 MHz carrier. Hence, for the BW class E with an 80 MHz aggregated bandwidth, a requirement similar to the ACS = 27 dB requirement applicable for a 20 MHz LTE carrier with a 5 MHz interferer bandwidth could be considered.
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Figure 4: example analogue selectivity for a 100 MHz aggregated bandwidth.
There are of course other possbilites for implenting intra-band CA such as use of several RX chains with separate LO(s); while the selectivity of these branches may be better there are additional issues to be dealt with.

The ACS requirements corresponding to the LTE BW class B-E should also be revisited for NR. The in-band blocking case needs consideration in conjunction. 
4 Proposal
In this contribution, we propose to
1. change the interferer bandwidth for non-CA ACS and the corresponding interferer offsets for in-band blocking for sub-6 GHz operation: the wanted and interferer bandwidth the same up to 20 MHz channel bandwidth, 20 MHz interferer bandwidth for 50 and 100 MHz channel bandwidths.
In addition we propose to

2. specify in-band blocking requirements with interferer offsets in accordance with ACS interferer bandwidths;
3. specify narrow-band blocking requirements for NR but avoid copying the corresponding for LTE;
4. specify ACS requirements for inter-band CA with 20 MHz interference bandwidth assuming the present BW classes without copying LTE requirements.
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