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1. Introduction
RAN4#92 meeting held in Ljubljana continued discussions on NR unlicensed (NR-U) work item [1]. Some Base Station RF requirements agreements were captured in Way Froward [2].   Discussion
In this contribution, we further discuss Rx requirements for NR-U: reference sensitivity levele and in-channel selectivity.
2. Discussion

In agreed way forward [2] on BS receiver requirements following agreements was achieved for BS receiver:
Following NR FR1 receiver requirements can be reused for all CBWs for NR-U for single carrier case (new FRC(s) may need to be required): 

· In-band blocking, 

· Out-of-band blocking, 

· Receiver spurious emission, 

· general Receiver intermodulation.

Following BS RF requirements require further studies for NR-U:
· Refsens
· In-channel selectivity
2.1 Reference sensitivity level
In to NR specification the reference sensitivity power level PREFSENS is the minimum mean power received at the antenna connector for BS type 1-C or TAB connector for BS type 1-H at which a throughput requirement shall be met for a specified reference measurement channel.
Below tables present reference sensitivity level requirements in NR specification with some changes needed to introduce NR-U. 
Table 7.2.2-2: NR Medium Area BS reference sensitivity levels

	BS channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS
 (dBm)

	5, 10, 15
	15
	G-FR1-A1-1 

(NOTE 1)
	 -96.7

	10, 15 
	30
	G-FR1-A1-2 
(NOTE 1)
	 -96.8

	10, 15
	60
	G-FR1-A1-3
(NOTE 1)
	 -93.9

	20, 25, 30, 40, 50 
	15
	G-FR1-A1-4
(NOTE 1)
	 -90.3

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	30
	G-FR1-A1-5
(NOTE 1)
	 -90.6

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	60
	G-FR1-A1-6
(NOTE 1)
	 -90.7

	[10, 20, 40]
	15
	[TBD]

(NOTE 2)
	[TBD]

	[10, 20, 40, 60, 80, 100]
	30
	[TBD]

(NOTE 2)
	[TBD]

	[10, 20, 40, 60, 80, 100]
	60
	[TBD]

(NOTE 2)
	[TBD]

	NOTE 1:
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of the reference measurement channel mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the reference measurement channel each, except for one instance that might overlap one other instance to cover the full BS channel bandwidth. This reference measurement channel is not applied for NR-U bands.

NOTE 2: 
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each single interlace of [TBD]. This reference measurement channel is only applied for NR-U Bands.


Table 7.2.2-3: NR Local Area BS reference sensitivity levels

	BS channel bandwidth (MHz)
	Sub-carrier spacing (kHz)
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS
 (dBm)

	5, 10, 15
	15
	G-FR1-A1-1
(NOTE 1)
	 -93.7

	10, 15 
	30
	G-FR1-A1-2
(NOTE 1)
	 -93.8

	10, 15
	60
	G-FR1-A1-3
(NOTE 1)
	 -90.9

	20, 25, 30, 40, 50 
	15
	G-FR1-A1-4
(NOTE 1)
	 -87.3

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	30
	G-FR1-A1-5
(NOTE 1)
	 -87.6

	20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
	60
	G-FR1-A1-6
(NOTE 1)
	 -87.7

	[10, 20, 40]
	15
	[TBD]

(NOTE 2)
	[TBD]

	[10, 20, 40, 60, 80, 100]
	30
	[TBD]

(NOTE 2)
	[TBD]

	[10, 20, 40, 60, 80, 100]
	60
	[TBD]

(NOTE 2)
	[TBD]

	NOTE 1:
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of the reference measurement channel mapped to disjoint frequency ranges with a width corresponding to the number of resource blocks of the reference measurement channel each, except for one instance that might overlap one other instance to cover the full BS channel bandwidth.
NOTE 2: 
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each single interlace of [TBD]. This reference measurement channel is only applied for NR-U Bands.


Reference sensitivity in NR uses six different reference channels: G-FR1-A1-1 to G-FR1-A1-6 (table A.1-1) . For PREFSENS requirement there is a need to introduce new fixed reference channels (FRCs) because of regulatory requirements in unlicensed band where interlacing is needed, similar approach was done for LAA before. Thus, new FRCs are needed. 

Observation: New Fixed Reference Channels are needed to introduce for NR-U to be use for following additional cases with interlace.
Table A.1-1: FRC parameters for FR1 reference sensitivity level, ACS, in-band blocking, out-of-band blocking, receiver intermodulation, in-channel selectivity, OTA sensitivity, OTA reference sensitivity level, OTA ACS, OTA in-band blocking, OTA out-of-band blocking, OTA receiver intermodulation and OTA in-channel selectivity

	Reference channel
	G-FR1-A1-1
	G-FR1-A1-2
	G-FR1-A1-3
	G-FR1-A1-4
	G-FR1-A1-5
	G-FR1-A1-6
	G-FR1-A1-7
	G-FR1-A1-8
	G-FR1-A1-9

	Subcarrier spacing (kHz)
	15
	30
	60
	15
	30
	60
	15
	30
	60

	Allocated resource blocks
	25
	11
	11
	106
	51
	24
	15
	6
	6

	CP-OFDM Symbols per slot (Note 1)
	12
	12
	12
	12
	12
	12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate (Note 2)
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Payload size (bits)
	2152
	984
	984
	9224
	4352
	2088
	1320
	528
	528

	Transport block CRC (bits)
	16
	16
	16
	24
	24
	16
	16
	16
	16

	Code block CRC size (bits)
	-
	-
	-
	24
	-
	-
	-
	-
	-

	Number of code blocks - C
	1
	1
	1
	2
	1
	1
	1
	1
	1

	Code block size including CRC (bits) (Note 3)
	2168
	1000
	1000
	4648
	4376
	2104
	1336
	544
	544

	Total number of bits per slot
	7200
	3168
	3168
	30528
	14688
	6912
	4320
	1728
	1728

	Total symbols per slot
	3600
	1584
	1584
	15264
	7344
	3456
	2160
	864
	864

	NOTE 1:
DM-RS configuration type = 1 with DM-RS duration = single-symbol DM-RS, additional DM-RS position = pos1 with l0= 2, l = 11 as per table 6.4.1.1.3-3 of TS 38.211 [5].

NOTE 2:
MCS index 4 and target coding rate = 308/1024 are adopted to calculate payload size.
NOTE 3:
Code block size including CRC (bits) equals to K' in sub-clause 5.2.2 of TS 38.212 [15].


In E-UTRA specification following below presented A1-8 and A1-9 FRCs were introduce using interleave where RBs are uniformly spaced over channel bandwidth:
Table A.1-1 FRC parameters for reference sensitivity and in-channel selectivity [from TS 36.104]
	Reference channel
	A1-1
	A1-2
	A1-3
	A1-4
	A1-5
	A1-6
	A1-7
	A1-8
	A1-9

	Allocated resource blocks
	6
	15
	25
	3
	9
	12
	24
	101
	102

	DFT-OFDM Symbols per subframe
	12
	12
	12
	12
	12
	12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3
	1/3

	Payload size (bits)
	600
	1544
	2216
	256
	936
	1224
	2088
	1032
	1032

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Number of code blocks - C
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Coded block size including 12bits trellis termination (bits)
	1884
	4716
	6732
	852
	2892
	3756
	6348
	3180
	3180

	Total number of bits per sub-frame
	1728
	4320
	7200
	864
	2592
	3456
	6912
	2880
	2880

	Total symbols per sub-frame
	864
	2160
	3600
	432
	1296
	1728
	3456
	1440
	1440

	NOTE 1:
For reference channel A1-8, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N, N+5, N+10, ..., N+45 where N = {0, 1, 2, 3, 4}.
NOTE 2:
For reference channel A1-9, the allocated RB’s are uniformly spaced over the channel bandwidth at RB index N, N+10, N+20, ..., N+90 where N = {0, 1, 2, … 9}.


However, in E-UTRA specification it was needed to introduce only FRC for 10MHz and for 20MHz channel bandwidths. In NR-U specification exist mixed numerology thus much more channel bandwidth and SCS combination exist and following cases need to be cover:

Table 1: Number of PRB for FRCs for interleave approach
	NR-U channel bandwidth [MHz]
	SCS [kHz]
	Number of PRB for interleave 

	10
	15
	10

	
	30
	10

	
	60
	10

	20
	15
	10

	
	30
	10

	
	60
	10

	40
	15
	20

	
	30
	10

	
	60
	10

	60
	30
	20

	
	60
	10

	80
	30
	20

	
	60
	10

	100
	30
	20

	
	60
	10


Proposal: It is proposed to introduce new FRCs using PRB interleave approach for NR-U. 

2.2 In-channel selectivity

In NR TS 38.104 specification In-channel selectivity (ICS) is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations at the antenna connector for BS type 1-C or TAB connector for BS type 1-H in the presence of an interfering signal received at a larger power spectral density. In this condition a throughput requirement shall be met for a specified reference measurement channel. The interfering signal shall be an NR signal which is time aligned with the wanted signal. 
Similarly to reference sensitivity also in-channel selectivity requirements use reference measurement channels, that are used with different type of interfering signals.  

Below table present example for in-channel selectivity for Local area BS where NR-U bands requirements need to be added.
Table 7.8.2-3: Local area BS in-channel selectivity
	BS channel bandwidth (MHz)
	Subcarrier spacing (kHz)
	Reference measurement channel
	Wanted signal mean power (dBm)
	Interfering signal mean power (dBm)
	Type of interfering signal

	5
	15
	G-FR1-A1-7
	-92.6
	-73.4
	DFT-s-OFDM NR signal, 15 kHz SCS,
10 RBs 

	10,15,20,25,30
	15
	G-FR1-A1-1
	-90.7
	-69.4
	DFT-s-OFDM NR signal, 15 kHz SCS,
25 RBs (Note 1)

	40,50
	15
	G-FR1-A1-4
	-84.3
	-63.4
	DFT-s-OFDM NR signal, 15 kHz SCS, 
100 RBs (Note 1)

	10, 20, 40
	15
	TBD
	TBD
	TBD
	TBD (Note 2)

	5
	30
	G-FR1-A1-8
	-93.3
	-73.4
	DFT-s-OFDM NR signal, 30 kHz SCS,
5 RBs

	10,15,20,25,30
	30
	G-FR1-A1-2
	-90.8
	-70.4
	DFT-s-OFDM NR signal, 30 kHz SCS,
10 RBs (Note 1)

	40,50,60,70,80,90,100
	30
	G-FR1-A1-5
	-84.6
	-63.4
	DFT-s-OFDM NR signal, 30 kHz SCS,
50 RBs (Note 1)

	20, 40, 60, 80, 100
	30
	TBD
	TBD
	TBD
	TBD (Note 2)

	10,15,20,25,30
	60
	G-FR1-A1-9
	-90.2
	-70.4
	DFT-s-OFDM NR signal, 60 kHz SCS,
5 RBs (Note 1)

	40,50,60,70,80,90,100
	60
	G-FR1-A1-6
	-84.7
	-63.6
	DFT-s-OFDM NR signal, 60 kHz SCS,
24 RBs (Note 1)

	20, 40, 60, 80, 100
	60
	TBD
	TBD
	TBD
	TBD (Note 2)

	NOTE 1:
Wanted and interfering signal are placed adjacently around Fc, where the Fc is defined for BS channel bandwidth of the wanted signal according to the table 5.4.2.2-1. The aggregated wanted and interferer signal shall be centred in the BS channel bandwidth of the wanted signal. This reference measurement channel and interfering signal are not applied for NR-U bands.
NOTE 2:
Wanted and interfering signal are placed adjacently around Fc, where the Fc is defined for BS channel bandwidth of the wanted signal according to the table 5.4.2.2-1. The aggregated wanted and interferer signal shall be centred in the BS channel bandwidth of the wanted signal. This reference measurement channel and interfering signal are applied for NR-U bands only




For in-channel selectivity for NR-U specific type of interfering signal that is interlace signal needs to be agreed as well.
3. Conclusion

In this contribution, we further discuss Rx requirements for NR-U: reference sensitivity levele and in-channel selectivity. We have made following proposal:
Proposal: It is proposed to introduce new FRCs using PRB interleave approach for NR-U. 
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