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Introduction
Coverage enhancement for voice and low-data rate services over commercial smart phones was included in the scope of the Rel-18 work item for NTN [1]. At RAN1 #109-e, it was agreed to carry out a simulation study on the coverage enhancement techniques from Rel-17 and beyond with more realistic assumptions (such as the -5dBi antenna gain for the UE rather than the 0dBi assumed for terrestrial networks) for various scenarios and physical channels [2].  
[bookmark: _Ref473802466][bookmark: _Ref462669569]In this contribution, we present the simulation results based on the agreements from RAN1 #109-e. We also evaluate several transmit diversity techniques for NTN and propose enhancements to enable  transmit diversity techniques in NTN.
Link Budget Analysis
We give the achievable SNR values for various elevation angles for a given orbit altitude. The SNR values will be used later to find which elevation angles can be supported for voice service or low-data rate applications. 
The assumptions for the link budget analysis are shown in Table 1, where the satellite parameters are the Set-2 satellite parameters in TR38.821 [3]. The additional loss accounts for the negative UE antenna gain of a typical commercial smart phone (which is tentatively set as -5dBi at RAN1 #109-e [2]), the polarization mismatch (which is set as -3dB [2]), and any other loss not accounted for. The signal bandwidth is set to 180KHz for narrow band operation due to the power limit. Note that the Set-2 satellite parameters are more conservative than the Set-1 satellite parameters. 
Table 1: Link budget analysis assumptions for the uplink
	Orbit altitude (km) 
	Satellite antenna gain (dBi)
	G/K (dB/K)
	UE TX power (dBm)
	Additional loss (dB)
	Shadowing Margin (dB)
	Ionospheric loss (dB)
	Signal Bandwidth (kHz)
	Channel Condiation

	600 or 1200
	24
	-4.9
	23
	8
	3
	2.2
	180
	Clear Sky LoS 




The link budget result for the uplink is shown in Table 2.



Table 2: Link budget result for the uplink
	Elevation Angle (deg)
	10
	20
	30
	40
	50
	60
	70
	80
	90

	SNR (dB) for 600km
	-13.2
	-10.4
	-8.2
	-6.4
	-5.1
	-4.2
	-3.6
	-3.2
	-3.1

	SNR (dB) for 1200km
	-17.4
	-15.3
	-13.5
	-12.1
	-11.0
	-10.1
	-9.6
	-9.2
	-9.1




Performance Evaluation 
The channel model for the simulation study is NTN-TDL-C Rural, as agreed at RAN1 #109-e [2]. The channel model is different from the NTN-TDL-C channel in Table 6.9.2-4 in TR38.811 [5]. We obtain the power delay profile of the NTN-TDL-C Rural channel by using the mean delay spread and the mean K factor for an elevation angle (which is 30 degrees throughput this paper) in Table 6.7.2-7a in TR38.811, and scale the delay profile of the channel in Table 6.9.2-4 in TR38.811 according to the procedure in TS 38.901 [6].
In the following, we present the simulation results for the various physical channels and the scenarios agreed at RAN1 #109-e [2], and identify the bottleneck channels for each of the services (voice or low-data rate services).

PUSCH
For all the PUSCH simulations, the number of RBs is 1, and the number of DMRS symbols per slot is 2.

Voice 
For voice, the codec is Adaptive Multi-Rate (AMR) [4] at 4.75kbps, and at a frame rate of 50 frames per second 4.75kbps translates into a payload of 95 bits. With the added packet headers, for a PUSCH transmission carrying one voice frame the TBS is 184 bits. The packet header overhead is 92%, which is very large. To reduce the overhead, we aggregate two voice frames into a single PUSCH, and double the number of repetitions so that the utilized resources per voice frame remains the same. The TBS for the voice frame aggregated PUSCH is 278 bits, and the packet header overhead is halved to 46%. The downside of voice frame aggregation is increased latency, which is expected to be  acceptable for LEO. 
Given the target BLER 2% and the target elevation angle (30 degrees) agreed at RAN1 #109-e, the voice frame interarrival time (20 ms), and the achievable SNR from the link budget analysis, we consider 16 repetitions. We also consider the effect of residual Doppler shift (after UE pre-compensation). The residual Doppler shift is estimated by a maximum likelihood (ML) algorithm that selects a value from a set of quantized Doppler shift candidates: find , where  is the time difference between adjacent DMRS symbols,  is the observed channel at DMRS symbol , and  is a set of candidates that sample the possible range of the residual Doppler frequency shift. In the simulation, the set  has a step size of 6Hz.
The results for one voice frame per PUSCH and two voice frames per PUSCH are shown in Figure 1. The coverage enhancement techniques used are DMRS bundling, TBoMS and antenna switching. The gain for voice frame aggregation is about 1.5dB at 2% BLER. The performance gap between the cases of the residual Doppler frequency shift present and absent is about 0.5dB.
[image: ]
Figure 1 PUSCH performance for one voice frame per PUSCH with 16 repetitions for a residual Doppler shift 200Hz absent or present (red curves with stars and diamonds respectively) and for two voice frames per PUSCH with 32 repetitions (blue curves). The residual Doppler shift is estimated and compensated.

The required SNR values to achieve the target 2% BLER for various repetition numbers are shown in Table 3. 
Table 3: Requried SNR for 2% BLER for voice 
	
	1 voice frame per PUSCH (TBS=184 bits)
	2 voice frames per PUSCH (TBS=278 bits)

	
	16 rep, DMRS bund
	16 rep, no DMRS bund
	4 rep,  DMRS bund
	4 rep, no DMRS bund
	1 rep, no DMRS bund
	32 rep,  DMRS bund
	32 rep, no DMRS bund
	8 rep, DMRS bund
	8 rep, no DMRS bund
	2 rep, no DMRS bund

	Required SNR for 2x10-2 BLER
	-6.0dB
	-3.7dB
	0.6dB
	1.2dB
	10.7dB
	-7.6dB
	-4.6dB
	-1.3dB
	0.1dB
	7.6dB



Comparing with Table 2, we see that with voice frame aggregation and repetition number 32, elevation angle 40 degrees or higher can be supported for the 600km orbit altitude. Similarly we can identify the supported elevation angles for the 1200km orbit altitude. The results are shown in Table 3, where the supported elevation angles are highlighted in green.
Table 3: Supported elevation angles (shown in green) for 4.75kbps voice
	Elevation Angle (deg)
	10
	20
	30
	40
	50
	60
	70
	80
	90

	SNR (dB) for 600km
	-13.2
	-10.4
	-8.2
	-6.4
	-5.1
	-4.2
	-3.6
	-3.2
	-3.1

	SNR (dB) for 1200km
	-17.4
	-15.3
	-13.5
	-12.1
	-11.0
	-10.1
	-9.6
	-9.2
	-9.1



[bookmark: _Hlk111020445]Observation 1: For the AMR 4.75kbps voice codec and a satellite with the Set-2 parameters, with TBoMS, DMRS bundling, antenna switching and 32 repetitions for PUSCH, and voice frame aggregation, a commercial smart phone and a satellite with the Set-2 parameters can support elevation angle of 40 degrees or higher for 600kM satellite altitude.
In the above simulation, the protocol overhead (ROHC, PDCP, RLC, MAC) is assumed to be 88 bits. As pointed out in [6], further protocol overhead reduction is possible. For example, an overhead reduction of 48 bits results in a 0.7dB performance gain for the case of 32 repetitions and voice frame aggregation.   
[bookmark: _Hlk111020460]Observation 2: To support voice over commertical smart phones in NTN, protocol overhead reduction is needed.
Proposal 1: RAN1 asks RAN2 to investigate mechanisms to enable application-layer voice frame aggregation.

Low data-rate applications
For low data-rate applications, the target BLER is 10%. For the target 3 kbps at the physical layer, the maximum afforded number of repetitions is about 32. We show the results in Figure 2. The supported elevation angles are shown in Table 3.  
[image: Chart

Description automatically generated]
Figure 2 The performance for low-data rate application in the uplink.

Table 4: Supported elevation angles (shown in green) for low-data rate (3 kbps) applications
	Elevation Angle (deg)
	10
	20
	30
	40
	50
	60
	70
	80
	90

	SNR (dB) for 600km
	-13.2
	-10.4
	-8.2
	-6.4
	-5.1
	-4.2
	-3.6
	-3.2
	-3.1

	SNR (dB) for 1200km
	-17.4
	-15.3
	-13.5
	-12.1
	-11.0
	-10.1
	-9.6
	-9.2
	-9.1



PUCCH
For PUCCH format 3, we consider two numbers of UCI bits: 3 and 11, and repetition numbers 1, 2, 4, 8. For each repetition, the number of OFDM symbols is 14, and the number of DMRS symbols is 2. We also consider antenna diversity by using antenna switching. DMRS bundling was applied within the transmission window of an antenna. The results are shown in Fig. 3.
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Figure 3 The performance for PUCCH format 3 (a) with 3 UCI bits and (b) 11 UCI bits

The supported elevation angles for PUCCH format 3 with 3 UCI bits are shown in Table 5.
Table 5: Supported elevation angles (shown in green) for PUCCH format 3 with 3 UCI bits
	Elevation Angle (deg)
	10
	20
	30
	40
	50
	60
	70
	80
	90

	SNR (dB) for 600km
	-13.2
	-10.4
	-8.2
	-6.4
	-5.1
	-4.2
	-3.6
	-3.2
	-3.1

	SNR (dB) for 1200km
	-17.4
	-15.3
	-13.5
	-12.1
	-11.0
	-10.1
	-9.6
	-9.2
	-9.1



PRACH 
We consider PRACH format 2 which has a long CP and built in repetitions, with and without transmit antenna diversity (via antenna switching). Figure 9 shows the antenna switching point relative to the slot format of PRACH format 2. For transmit diversity, the antenna switching point is set at CP/2 before the end of repetition 2 as shown in Figure 9. As such, the PRACH format 2 can accommodate a maximal differential delay CP/2 or delays in the range [-CP/4, CP/4]. Since the CP duration of PRACH format is 152.6 ms, CP/2 is more than enough to accommodate UEs with GNSS capability. For both cases, coherent reception of the first half, i.e., the first and the second repetitions, and of the second half of the preamble was performed. The outputs of the first and the second half are then combined non-coherently. The results are shown in Figure 10. Due to the long duration of PRACH format 2, it was found that with 200 Hz frequency error coherent reception among four repetitions will lead to worse performance that is not shown here. 
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Figure 4 Antenna switching point for PRACH format 2

[image: ]
Figure 5 Antenna switching performance for PRACH format 2: the probability of miss detection under the constraint that the probability of false alarm is kept below 0.1%.
  
As can be seen from Figure 5, antenna diversity provides about 3 dB gain at 1% miss detection rate. Since the bandwidth of PRACH format 2 is about 1 MHz, a X dB SNR for PRACH format 2 corresponds to  a X+7.6 dB SNR for 1 PRB PUSCH transmission with 15 kHz subcarrier spacing. Without antenna switching and assuming a frequency error of 200 Hz, the minimum SNR that can be supported with 1% miss detection rate is -13.5 dB, which corresponds to an SNR of -5.9 dB for a 180 kHz BW transmission, and the supported elevation angles are shown in Table 6 below.  
Table 6: Supported elevation angles (shown in green) for PRACH format 2 with 1% miss detection rate
	Elevation Angle (deg)
	10
	20
	30
	40
	50
	60
	70
	80
	90

	SNR (dB) for 600km
	-13.2
	-10.4
	-8.2
	-6.4
	-5.1
	-4.2
	-3.6
	-3.2
	-3.1

	SNR (dB) for 1200km
	-17.4
	-15.3
	-13.5
	-12.1
	-11.0
	-10.1
	-9.6
	-9.2
	-9.1



Observation 3: PRACH is a bottleneck channel for supporting low-data rate services over commercial smart phones in NTN.
Hence it is important to allow transmit antenna diversity for PRACH format 2. To do so, we need to define the antenna switching point.
Proposal 2: For PRACH format 2 in NTN, antenna switching point is CP/2 before the end of the second repletion or 22232x64 Tc of the second repetition. 

Msg3 
Rel-17 supports a maximum of 16 repetitions for both the initial Msg3 transmission and any Msg3 retransmission. Although the reliability of Msg3 can be improved via many retransmissions, such a scheme will lead to large delay given the large propagation delay in NTN. Therefore, it is important to enhance the performance of the initial Msg3 transission for low-data rate services. Figure 6 shows the Msg3 performance for a payload of 56 bits and a freuqnecy-domain resource allocation of 1RB. It is seen that for 16 repetitions and a target BLER 10%, without DMRS bundling, a minimum -8.8 dB SNR is required. The supported elevation angels are shown in Table 7. It is seen that the current Msg3 design in Rel-17 cannot support any elevation angle for satellite altitude 1200km.       

[image: ]
Figure 6 BLER vs SNR for Msg3 repetitions.


Table 7: Supported elevation angles (shown in green) for Msg3 for 16 repetitions without DMRS bundling
	Elevation Angle (deg)
	10
	20
	30
	40
	50
	60
	70
	80
	90

	SNR (dB) for 600km
	-13.2
	-10.4
	-8.2
	-6.4
	-5.1
	-4.2
	-3.6
	-3.2
	-3.1

	SNR (dB) for 1200km
	-17.4
	-15.3
	-13.5
	-12.1
	-11.0
	-10.1
	-9.6
	-9.2
	-9.1



Observation 4: Msg3 is a bottleneck channel for supporting low-data rate services over commercial smart phones in NTN.
Transmit Diversity Techniques
Diversity techniques can be used to improve coverage. For LOS channels, such as NTN-TDL models, significant transmit diversity can be achieved as shown in the last section. In addition to diversity, precoding can be used to reduce polarization loss. Satellites often use circularly polarized antennas, but smart phones typically use linearly polarized antennas. When receiving a linearly polarized signal using a circular polarized antenna, there is a 3 dB loss due to polarization mismatch. With two linearly polarized antennas, it’s possible to generate a circular polarized signal thereby avoiding the polarization loss. As shown in the figure below, two cross-polarized antennas with a precoding to generate a left-handed circular polarized signal.



Figure 7 Generating circularly polarized signal using linearly polarized antennas with precoding.

Considering the link between a smart phone and a satellite with circularly polarized antennas, the model for the uplink including the transmitter, channel, and the receiver is depicted in the figure below. 



Figure 8 An NTN UL model.

In the figure, the circularly polarized receive antenna is depicted as two collocated linearly polarized antennas with a phase shifter at the V branch. There are two channels, one from the first transmit antenna to the receive antenna h1(t) and the other from the second transmit antenna to the receive antenna h2(t).  In the simulations below, h1(t) and h2(t) are modeled as uncorrelated NTN-TDL-C channels. The polarization transformer, W, depends on the polarization states of smart phone relative to that of the satellite antenna. When the two transmit antennas of the smart phone are perfectly cross polarized, W is a unitary matrix in the form
 .
Note that due to smart phone rotation, the angle  in the above equation can be time varying.

Below, we compare several transmit techniques with a single transmit antenna in terms of performance assuming two cross-polarized transmit antennas. The diversity and precoding techniques are 
· Antenna switching
· CDD
· Precoding aided by SRS transmission. The best precoder from [1 1], [1 -1], [1 j], [1 -j] are used. 

For antenna switching, we assume switching happens at the middle of a transmission that possibly has multiple repetitions. Denoting the SNR of first antenna by SNR1 and the SNR of the second antenna by SNR2, the total SNR is evaluated as 

with .
For CDD, SNR varies in the frequency domain, the harmonic mean of the SNRs among the subcarriers is used to account for additional equalization loss.
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Figure 9  Performance comparison of different transmit schemes for two cross-polarized transmit antenna and one circularly polarized receive antenna: the average SNR of one transmit antenna is 3 dB without polarization loss; NTN-TDL-C channel is considered; transmit power is equally split among two transmit antennas when active simultaneously. 
The following can be observed from the figure:
· If 10-percentile SNR is considered, antenna switching has 1 dB gain and the transmit precoding has 3.7 dB gain. If 1-percentile SNR is considered, antenna switching has 2.4 dB gain and precoding has 5 dB gain. The performance difference between precoding and antenna switching, which is about 2.6 to 2.7 dB, shows that precoding can significantly reduce  polarization.
· The performance of CDD is at best comparable to one transmit antenna with a delay near the Nyquist sample duration. The large CDD, although creates diversity but suffers from large channel variation in frequency domain.

From the above, it is important to enable efficient use of antenna switching and precoding in NTN.  For UL transmissions with DMRS bundling, antenna switching can be made at the boundary of two bundling window. For others such as PRACH and PUCCH, proper antenna switching point need to be defined. For transmit precoding, the above simulation assumes that UE maintains perfect transmit phase between the SRS and PUSCH. Current requirements on coherent UL MIMO is based on a 20 ms time window. This window needs to be extended to accommodate the large RTD of NTN to ensure the usefulness of transmit precoding. 
Proposal 3: Consider enhancements to enable appropriate transmit precoding schemes in NTN including proper coherent MIMO requirements. 


Conclusions
In this contributions, we evaluated the performance UL channels for NTN and compared the performance with link budget. We also compared performance of several transmit diversity techniques. Based on the evaluations, we have the following observations and proposals:
Observation 1: For the AMR 4.75kbps voice codec and a satellite with the Set-2 parameters, with TBoMS, DMRS bundling, antenna switching and 32 repetitions for PUSCH, and voice frame aggregation, a commercial smart phone and a satellite with the Set-2 parameters can support elevation angle of 40 degrees or higher for 600kM satellite altitude.
Observation 2: To support voice over commercial smart phones in NTN, protocol overhead reduction is needed.
Observation 3: PRACH is a bottleneck channel for supporting low-data rate services over commercial smart phones in NTN.
Observation 4: Msg3 is a bottleneck channel for supporting low-data rate services over commercial smart phones in NTN.
Proposal 1: RAN1 asks RAN2 to investigate mechanisms to enable application-layer voice frame aggregation..
Proposal 2: For PRACH format 2 in NTN, antenna switching point is CP/2 before the end of the second repletion or 22232x64 Tc of the second repetition. 
Proposal 3: Consider enhancements to enable appropriate transmit precoding schemes in NTN including proper coherent MIMO requirements. 

[bookmark: _Ref457730460][bookmark: _Ref450735844][bookmark: _Ref450342757]References	
[1] [bookmark: _Ref461383190]RP 213690, “New WI: NR NTN (Non-Terrestrial Networks) enhancements,” RAN Vice Chair and Thales, 3GPP TSG RAN #94e.
[2] 3GPP, RAN1 #109-e Chairman’s notes, May 2022.
[3] 3GPP TR 38.821, Solutions for NR to support non-terrestrial networks (NTN), V16.1.0, June 2021.
[4] 3GPP TS 26.090 - Mandatory Speech Codec speech processing functions; Adaptive Multi-Rate (AMR) speech codec; Transcoding functions, V16.0.0, July 2020.
[5] 3GPP TR 38.811, Study on New Radio (NR) to support non-terrestrial networks, Oct 2020.
[6] R2-2207346, Protocol overhead reduction for coverage enhancements, Qualcomm Inc., 3GPP RAN2 #119e, August 2022.



1/1
image1.png
NTN-TDL-C Rural, elevation angle 30 degrees, antenna switch, DMRS bundling

BLER

—o6— 32 rep, TBS 278 bits, Doppler shift=200Hz
—#— 32rrep, TBS 278 bits, Doppler shift=0Hz
bi —o&— 16 rep, TBS 184 bits, Doppler shift=200Hz
—#— 16 rep, TBS 184 bits, Doppler shift=0Hz
107
10?2
-10 -6 -5 -4

SNR (dB)




image2.png
BLER

NTN-TDL-C-Rural, 30 deg elevefnye, antenna Switching

10°

10"

—— 32 reps, 100 bits, bund
— 5 — 32 reps, 100 bits, no bund
—— Breps, 100 bits, bund

— % — 8 reps, 100 bits, no bund
—=— 2reps, 100 bits, bund

— > — 2reps, 100 bits, no bund
— & — 1rep, 100 bits, no bund
—— 1 rep, 200 bits, no bund

107

-15 -10 -5 0 5
SNR (dB)

10




image3.png
PUCCH format 3, 3 info bits

10°

— = —repl,no AS
—— repl, AS
— & —rep2,no AS
—&— rep2, AS
— & — rep4,no AS
—&— rep4, AS
— £ — rep8,no AS
—&— rep8, AS

SNR (dB)





image4.png
BLER

PUCCH format 3, 11 info bits

— = —repl,no AS
—=—rep1,AS
— ¢ —rep2,no AS
—— rep2,AS
— & — rep4,no AS
— & —rep4,AS
— £ — rep8,no AS
—&— rep8, AS

SNR (dB)





image5.png
Antenna Switching Point




image6.png
Prob of Miss Detection

PRACH Format 2

— = — Antenna switch, Doppler shift=0

—=&— No antenna switch, Doppler shift=0
— = — Antenna switch, Doppler shift=200Hz
—&— No antenna switch, Doppler shift=200Hz

-18 -16 -14
SNR (dB)




image7.png
BLER

Msg3 (TBS 56 bits)

0
0 F=q
=4 — # — 30 deg, 16 reps, no AS, no bund
— & — 30 deg, 16 reps, AS, no bund
—#— 30 deg, 16 reps, AS, bund
*
10" \Q N
*
\
&\ ¥
N
\ N\
Y N
& N
\ *
\
107 D \*K
¢ X
\
; *
6 14 12 -10 8 6 -4 2

SNR (dB)





image8.emf
x(t)

X

H

V

exp(j

p

/2)

Left-handed circularly polarized


Microsoft_Visio_Drawing.vsdx
x(t)
X
H
V
exp(jp/2)
Left-handed circularly polarized



image9.emf
X

X

X

X

X

exp(j2

p

)

+

p=[p1; p2] 

precoder

g=[g1; g2] 

RF chain and circuit 

delay, possibly 

unknown

W*H(t)

H(t)=diag([h1 h2]). W: 

Polarization 

transformer

H

V


Microsoft_Visio_Drawing1.vsdx
X
X
X
X
X
exp(j2p)
+
p=[p1; p2] precoder
g=[g1; g2] 
RF chain and circuit delay, possibly unknown
W*H(t)
H(t)=diag([h1 h2]). W: Polarization transformer
H
V
h1(t)
h2(t)



image10.png
CDF

T
i

I

one antenna

- two antenna swicthing
- precoding

CDD with delay 1/8 Nyquist

~CDD with delay 1/2 Nyquist
o

CDD with 1 Nyquist






1


/


2


 


3GPP TSG RAN WG1 #1


10


 


 


R1


-


2


2


072


5


5


 


Toulouse, FR


, 


August 22


nd


 


–


 


2


6


th


, 202


2


 


 


Agenda item:


 


9.12.1


 


Source: 


 


Qualcomm Incorporated


 


Title:


 


 


Coverage enhancement


s


 


for NR


 


NTN


 


Document for:


 


Discussion


/Decision


 


1


 


Introduction


 


Coverage 


enhancement for voice and low


-


data rate services over commercial smart phones was included in the scope of t


he 


Rel


-


18 work item for NTN [1]. 


At RAN1 #109


-


e, it was agreed to carry out a simulation study on the coverage enhancement 


techniques from Rel


-


17 an


d beyond 


with more realistic assumptions (such as the 


-


5dBi antenna gain for the UE rather than 


the 0dBi assumed for terrestrial networks) 


for various scenarios and 


physical 


channels


 


[2]


.  


 


In this contribution, we present the simulation results


 


based on t


he agreements from RAN1 #109


-


e. 


We also evaluate several 


transmit diversity techniques for NTN and propose enhancements to enable  transmit diversity techniques in NTN.


 


2


 


Link Budget Analysis


 


W


e 


give


 


the achievable SNR values for various elevation angles for


 


a given orbit altitude. The SNR values will be used later 


to find which elevation angles can be supported


 


for 


voice 


service 


or low


-


data rate 


applications


. 


 


The assumption


s


 


for the link budget analysis 


are 


shown in 


Table 1


, 


where the satellite 


parameters 


are


 


the Set


-


2 satellite 


parameters in 


TR38.821


 


[


3


]


. 


T


he additional loss 


account


s


 


for


 


the 


negative 


UE antenna gain 


of a typical


 


commercial smart 


phone


 


(which is tentatively set as 


-


5dBi at RAN1 #109


-


e [2])


, 


the polarization mi


smatch


 


(which is set as 


-


3dB [2])


, and any 


other loss not accounted for. T


he signal bandwidth is set to 180KHz for narrow band operation 


due to the p


ower limit


.


 


Note 


that the Set


-


2 satellite parameters are more conservative than the Set


-


1


 


satellite parameters


.


 


 


Table 1: Link budget analysis assumptions


 


for the uplink


 


Orbit altitude 


(km) 


 


Satellite 


antenna 


gain (dBi)


 


G/K 


(dB/K)


 


UE TX 


power 


(dBm)


 


Additiona


l loss


 


(d


B)


 


Shadowin


g Margin 


(dB)


 


Ionospher


ic loss


 


(dB)


 


Signal 


Bandwidt


h (kHz)


 


Channel 


Condiatio


n


 


600


 


or 1200


 


24


 


-


4.9


 


23


 


8


 


3


 


2.2


 


180


 


Clear Sky 


LoS 


 


 


 


The link budget result for the uplink is shown in Table 2.


 


 


 


 




1 / 2   3GPP TSG RAN WG1 #1 10     R1 - 2 2 072 5 5   Toulouse, FR ,  August 22 nd   –   2 6 th , 202 2     Agenda item:   9.12.1   Source:    Qualcomm Incorporated   Title:     Coverage enhancement s   for NR   NTN   Document for:   Discussion /Decision   1   Introduction   Coverage  enhancement for voice and low - data rate services over commercial smart phones was included in the scope of t he  Rel - 18 work item for NTN [1].  At RAN1 #109 - e, it was agreed to carry out a simulation study on the coverage enhancement  techniques from Rel - 17 an d beyond  with more realistic assumptions (such as the  - 5dBi antenna gain for the UE rather than  the 0dBi assumed for terrestrial networks)  for various scenarios and  physical  channels   [2] .     In this contribution, we present the simulation results   based on t he agreements from RAN1 #109 - e.  We also evaluate several  transmit diversity techniques for NTN and propose enhancements to enable  transmit diversity techniques in NTN.   2   Link Budget Analysis   W e  give   the achievable SNR values for various elevation angles for   a given orbit altitude. The SNR values will be used later  to find which elevation angles can be supported   for  voice  service  or low - data rate  applications .    The assumption s   for the link budget analysis  are  shown in  Table 1 ,  where the satellite  parameters  are   the Set - 2 satellite  parameters in  TR38.821   [ 3 ] .  T he additional loss  account s   for   the  negative  UE antenna gain  of a typical   commercial smart  phone   (which is tentatively set as  - 5dBi at RAN1 #109 - e [2]) ,  the polarization mi smatch   (which is set as  - 3dB [2]) , and any  other loss not accounted for. T he signal bandwidth is set to 180KHz for narrow band operation  due to the p ower limit .   Note  that the Set - 2 satellite parameters are more conservative than the Set - 1   satellite parameters .     Table 1: Link budget analysis assumptions   for the uplink  

Orbit altitude  (km)   Satellite  antenna  gain (dBi)  G/K  (dB/K)  UE TX  power  (dBm)  Additiona l loss   (d B)  Shadowin g Margin  (dB)  Ionospher ic loss   (dB)  Signal  Bandwidt h (kHz)  Channel  Condiatio n  

600   or 1200  24  - 4.9  23  8  3  2.2  180  Clear Sky  LoS   

    The link budget result for the uplink is shown in Table 2.        

