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1 Introduction
In this contribution we provide further discussion on the conducted Rx requirements for the Satellite Access Node.
2 Discussion
Referring to the WF in [1], the following was agreed on the conducted RX requirements for SAN: 
	1. REFSENS
FRC: Agreement: taking option 1 as starting point. 
· Option 1: The FRCs specified in TS 38.104 shall be re-used to specify the satellite node Rx requirements. Specifically the following FRCs and DMRS pattern is re-used.
	
	BS Channel BW
	Subcarrier spacing
	Number of PRBS

	G-FR1-A1-1
	5 MHz
	15 kHz
	25

	G-FR1-A1-2
	5 MHz
	30 kHz
	11

	G-FR1-A1-3
	10 MHz
	60 kHz
	11

	G-FR1-A1-4
	20 MHz
	15 kHz
	106

	G-FR1-A1-5
	20 MHz
	30 kHz
	51

	G-FR1-A1-6
	20 MHz
	60 kHz
	24
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Noise figure: Agreements: Option 1:
	Satellite
	GEO
	LEO 600
	LEO 1200

	G/T (dB K-1)
	19
	1.1
	1.1

	G_Rx (dBi)
	51
	30
	30

	NF (dB)
	7.4
	4.3
	4.3



Implementation margin: Agreement: Reusing margin from TN as [2dB].
2. Dynamic Range: WF: Further check the following proposals for next meeting:
· define IoT level as 18dBc for LEO600KM NTN BS;
· define IoT level as 12dBc for LEO1200KM NTN BS;
· not to define Rx dynamic range requirements for GEO NTN BS;
3. ACS: Agreement: Wait for co-existence simulation conclusion.
4. Blocking: WF: FFS, waiting also fo co-existence simulation conclusion.
5. Co-location: WF: FFS, companies are encouraged to check if the presence of multiple wireless systems and their impact for next meeting. 
6. Rx intermodulation: Agreement: This requirement is not needed considering the scenario of satellite BS. 
7. In-channel selectivity: WF: Further investigate whether to keep ICS requirement for NTN BS considering the calibration results, where the CL CDF is within 5dB difference.



The remaining aspects on the conducted Rx requirements for the Satellite Access Node are discussed below. 
2.1 Refsens
According to TR 38.817-2 [2], Refsens for NR BS was defined according to the following formula: 
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Related agreements for the NF, IM, as well as the FRC were reached already. Therefore the resulting SNR required to obtain the Refsens requirement is subject to the simulations results collection from companies. 
For this meeting it may be required to perform the simulations alignment, before concluding the requirement value itself. If the collected results are aligned enough, the final requirement derivation may be also considered already this meeting. 
Proposal 1: for the Refsens requirement derivation, consider the following timeline: 
1. RAN4#101bis-e: collect the initial simulation results for alignment purposes of conducted Refsens requirement for GEO, LEO600/ LEO1200. 
2. Decide the final Refsens requirements.

PLACEHOLDER FOR SNR SIMULATION RESULTS for the Refsens derivation:
GEO (NF: 7.4 dB)
	
	BS Channel BW
	Subcarrier spacing
	Number of PRBS
	SNR

	G-FR1-A1-1
	5 MHz
	15 kHz
	25
	TBD

	G-FR1-A1-2
	5 MHz
	30 kHz
	11
	TBD

	G-FR1-A1-3
	10 MHz
	60 kHz
	11
	TBD

	G-FR1-A1-4
	20 MHz
	15 kHz
	106
	TBD

	G-FR1-A1-5
	20 MHz
	30 kHz
	51
	TBD

	G-FR1-A1-6
	20 MHz
	60 kHz
	24
	TBD



LEO600 (NF: 4.3 dB)
	
	BS Channel BW
	Subcarrier spacing
	Number of PRBS
	SNR

	G-FR1-A1-1
	5 MHz
	15 kHz
	25
	TBD

	G-FR1-A1-2
	5 MHz
	30 kHz
	11
	TBD

	G-FR1-A1-3
	10 MHz
	60 kHz
	11
	TBD

	G-FR1-A1-4
	20 MHz
	15 kHz
	106
	TBD

	G-FR1-A1-5
	20 MHz
	30 kHz
	51
	TBD

	G-FR1-A1-6
	20 MHz
	60 kHz
	24
	TBD



LEO1200 (NF: 4.3 dB)
	
	BS Channel BW
	Subcarrier spacing
	Number of PRBS
	SNR

	G-FR1-A1-1
	5 MHz
	15 kHz
	25
	TBD

	G-FR1-A1-2
	5 MHz
	30 kHz
	11
	TBD

	G-FR1-A1-3
	10 MHz
	60 kHz
	11
	TBD

	G-FR1-A1-4
	20 MHz
	15 kHz
	106
	TBD

	G-FR1-A1-5
	20 MHz
	30 kHz
	51
	TBD

	G-FR1-A1-6
	20 MHz
	60 kHz
	24
	TBD



In order to complete the Refsens requirement, the FRC annex in TS 38.108 also needs to be completed. In the attached Annex A, we provide the expected content of the FRC annex for TS 38.108, based on the modifications of the related FRC annex from TS 38.104. 
Fixed Reference Channels G-FR1-A1-7 to G-FR1-A1-9 are for ISC requirement only, which is not confirmed for NTN SAN now. Fixed Reference Channels G-FR1-A1-10 and G-FR1-A1-11 are for NB-IoT, which is not applicable for this WI. 
Proposal 2: Agree on the content of the attached Annex A to TS 38.108 for Fixed Reference Channels. 
FRC for the RX dynamic range requirement is still subject to decision on inclusion of that requirement to NTN spec.
2.2 Dynamic range
The WF agree last meeting was as follows: 
	Further check the following proposals for next meeting:
· define IoT level as 18dBc for LEO600KM NTN BS;
· define IoT level as 12dBc for LEO1200KM NTN BS;
· not to define Rx dynamic range requirements for GEO NTN BS;



[bookmark: _Hlk508114964]The dynamic range requirement is specified as a measure of the capability of the receiver to receive a wanted signal in the presence of an interfering signal at the TAB connector (for BS type 1-H) inside the received BS channel bandwidth. In this condition, a throughput requirement shall be met for a specified reference measurement channel. The interfering signal for the dynamic range requirement is an AWGN noise signal.
RX dynamic range requirement is to ensure that the BS/SAN can receive high throughput also in the presence of increased interference levels. It measures the effects of BS/SAN receiver impairments. While measuring these effects, uncertainty due to the receiver’s own thermal noise floor should be minimized. So the interference level should be increased by a certain amount of margin to mask the receiver’s own noise floor. 
The mean power of wanted and interfering signal is defined as:
	PIntf = -174dBm/Hz+10*log10(NRB*SCS*12) + NF + 20
								Pwanted = -174dBm/Hz+10*log10(NRB*SCS*12) + NF + 20 + SNR + IM
In case of NR FR1, the IoT value was set at 20 dB (and reused from E-UTRA). Now that IoT value was proposed to be modified to 18/12 dBc for LEO600/1200, respectively. From the BS product point of view, this constitutes significant relaxation of the requirement, as compared to the one derived for E-UTRA!
Considering LEO600/1200 NTN scenarios, we would question the need for the requirement as well. Considering specific NTN BS/SAN antenna array arrangement (as compared to the TN network), the statistical probability of the interfering (AWGN) signal entering the RX chain, inside the received BS channel bandwidth, is considering to be relatively low. 
Please note, that based on evaluation in [3] the dynamic range requirement was already found to be unnecessary for the GEO NTN scenario.  
Proposal: for LEO600/1200: not to define Rx dynamic range requirements for NTN SAN.
Proposal: agree to the WF proposal for GEO, i.e. not to define Rx dynamic range requirements for NTN SAN.
2.3 ACS, blocking
On hold till co-existence simulation conclusion.
2.4 Co-location requirements
The WF on the co-location requirements encouraged companies to check on the presence of multiple wireless systems in the NTN scenario and their impact on SAN.
For TN, the co-location conducted requirements are defined for: 
1. Tx spurious emissions
Comparing signal levels of the co-existence (regulatory requirement) to the co-location requirements (RAN4 driven), the following can be found: 
· TX spur co-ex: basic limits in range of -47 to -61 dBm 
· TX spur co-location for WA BS: -96 to -98 dBm
	
Observation: The co-location emissions limits is much tougher than the co-existence one. 
It should be highlighted, that Tx spur co-location is to protect other BS receivers. The requirements assume a 30 dB coupling loss between transmitter and receiver and are based on co-location with base stations of the same class. In case of NTN scenario, the coupling loss will be much higher (even up to 80 dB), making this requirement obsolete. 
Still, considering the NTN scenario specifics and its deployment aspects, so far there was no good evidence showing that the co-location requirements are justified for NTN SAN. 
2. Tx intermodulation
The following two co-location requirements are defined for 1-H: 
· Co-location minimum requirements: From the co-location scenario point of view the power level of the interfering signal specified as the power at the antenna connector minus the coupling factor of 30dB. In case of NTN scenario, the coupling loss will be much higher (even up to 80 dB), making this requirement obsolete. Similar to the Tx spur co-location, there was no good motivation provided so far to keep it.  

· Intra system transmitter intermodulation requirements: In 1-H there could be coupling effects occurring in the RDN and the antenna array, which potentially can generate reverse interferers and consequently unwanted emissions due to intermodulation. In this case, the central frequencies of the transmitted signals are aligned in frequency domain, and they could transmit the same level of power.
The wanted signal and the interfering signal in a corresponding test would thus be within the bandwidth of the same carriers. The wanted signal and the interfering signal would have the same waveform characteristics, but they would be non-coherent. 
The transmitter intermodulation emission level caused by intra system interfering signal should not exceed the unwanted emission limits of the OBUE and ACLR in the presence of the interference signal declared by the manufacturer as described below.

3. OoB blocking co-location: conclude general blocking first. 

Proposal: exclude Tx spur co-location, as well as TX IMD co-location requirements from NTN spec, until good evidence is provided to keep include any of them.
Proposal: Intra system transmitter intermodulation requirements shall be defined for NTN SAN. 
2.5 ICS
The ICS requirement is defined as a measure of the receiver ability to receive a wanted signal at its assigned resource block locations at the TAB connector for 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 – how such time aligned interferer may occur in NTN scenario is unclear.
Similar to the discussion on the RX dynamic range, we would question the need to have the ICS requirement for NTN SAN, as well. 
Proposal: not to define ICS requirement for NTN SAN.  
Conclusions 
Based on the above discussion, the following proposals are formulated: 
Proposal 1: for the Refsens requirement derivation, consider the following timeline: 
1. RAN4#101bis-e: collect the initial simulation results for alignment purposes of conducted Refsens requirement for GEO, LEO600/ LEO1200. 
2. Decide the final Refsens requirements.

Proposal 2: Agree on the content of the Annex A to TS 38.108 for Fixed Reference Channels. 
Proposal 3: for LEO600/1200: not to define Rx dynamic range requirements for NTN SAN.
Proposal 4: agree to the WF proposal for GEO, i.e. not to define Rx dynamic range requirements for NTN SAN.
Proposal 5: exclude Tx spur co-location, as well as TX IMD co-location requirements from NTN spec, until good evidence is provided to keep include any of them.
Proposal 6: Intra system transmitter intermodulation requirements shall be defined for NTN SAN. 
Proposal 7: not to define ICS requirement for NTN SAN.
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4 Annex A: TP to TS 38.108: FRC annex
FRC for performance requirements is out of scope of this contribution. 
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Reference measurement channels
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[bookmark: OLE_LINK15][bookmark: OLE_LINK16]The parameters for the reference measurement channels are specified in table A.1-1 for FR1 Rx requirements.
Table A.1-1: FRC parameters for conducted and radiated FR1 Rx requirements 
	[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13]Reference channel
	[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK43]G-FR1-A1-1
	G-FR1-A1-2
	G-FR1-A1-3
	G-FR1-A1-4
	G-FR1-A1-5
	G-FR1-A1-6

	Subcarrier spacing (kHz)
	15
	30
	60
	15
	30
	60

	Allocated resource blocks
	25
	11
	11
	106
	51
	24

	CP-OFDM Symbols per slot (Note 1)
	12
	12
	12
	12
	12
	[bookmark: OLE_LINK19]12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

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

	[bookmark: _Hlk499884117]Payload size (bits)
	2152
	984
	984
	9224
	4352
	2088

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

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

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

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

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

	Total symbols per slot
	3600
	1584
	1584
	15264
	7344
	3456

	

NOTE 1:	UL-DMRS-config-type = 1 with UL-DMRS-max-len = 1, UL-DMRS-add-pos = 1 with = 2, = 11 as per table 6.4.1.1.3-3 of TS 38.211 [x].
NOTE 2:	MCS index 4 and target coding rate = 308/1024 are adopted to calculate payload size for receiver sensitivity and in-channel selectivity
NOTE 3:	Code block size including CRC (bits) equals to K' in sub-clause 5.2.2 of TS 38.212 [x].



[bookmark: _Toc21127806][bookmark: _Toc29812015][bookmark: _Toc36817567][bookmark: _Toc37260490][bookmark: _Toc37267878][bookmark: _Toc44712485][bookmark: _Toc45893797]A.2	[Fixed Reference Channels for dynamic range (16QAM, R=2/3)]	Comment by Michal Szydelko: Subject to decision on the Rx dynamic range requirement. 
The parameters for the reference measurement channels are specified in table A.2-1 for FR1 dynamic range.
Table A.2-1: FRC parameters for FR1 dynamic range and OTA dynamic range
	Reference channel
	G-FR1-A2-1
	G-FR1-A2-2
	G-FR1-A2-3
	G-FR1-A2-4
	G-FR1-A2-5
	G-FR1-A2-6

	Subcarrier spacing (kHz)
	15
	30
	60
	15
	30
	60

	Allocated resource blocks
	25
	11
	11
	106
	51
	24

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

	Modulation
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM

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

	[bookmark: _Hlk498674609][bookmark: _Hlk499884224]Payload size (bits)
	9224
	4032
	4032
	38936
	18960
	8968

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

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

	Number of code blocks - C
	2
	1
	1
	5
	3
	2

	[bookmark: _Hlk498674598]Code block size including CRC (bits) (Note 3)
	4648
	4056
	4056
	7816
	6352
	4520

	Total number of bits per slot
	14400
	6336
	6336
	61056
	29376
	13824

	Total symbols per slot
	3600
	1584
	1584
	15264
	7344
	3456

	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 [x].
NOTE 2:	MCS index 16 and target coding rate = 658/1024 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 [x].
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Reference seasitivity shal be specified according following formula:
Brgreps (dBm) =—174dBm +10xlog,, B + N, + I, +S\R

Where:
- BW is the maximum transmission bandwidth,

- Nris BS noise figure, equal to 5 dB for Wide Area BS, 10 dB for Medium Range BS and 13 dB for Local Area
Bs.

- Tugis the implementation margin, equal to 2dB.

- SNR s the SNR value for which we reach 95% throughput. Each company provided simulation results, and
average will be done for each BY.
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