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1 Reasons for change
[bookmark: OLE_LINK1][bookmark: _Hlk149073819]SA2 has reached conclusions on Key Issue #1 regarding the support of IMS voice call over NB-IoT via GEO satellite connecting to EPC, as documented in TR 23.700-19. It has been agreed that voice packets shall be transported over the NB-IoT (GEO) user plane (UP) using DRB and S1-U, and that a single PDN connection shall be used for both IMS signaling and IMS voice. Furthermore, the TR specifies that the voice data transport mechanism of IP packets is mandatory (UP/IP, recommended with RoHC), whereas the mechanism involving the removal and restoration of parts of RTP/UDP/IP headers is optional (UP/non-IP). This contribution updates the FS_ULBC Permanent Document to align the transport path assumptions and solution details with these agreements. 
2 Proposed changes to the PD
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5.2.1.3	End to end simulation model to derive delay error profiles
The intention of this methodology is to reuse the simulation model defined in Annex E of TS 26.132 [26132] to produce the delay error profile. 
This Annex E reference LTE access scenario is illustrated in Figure 5.2.1.3-1. Building on the main scenario defined in Clause 4.2.1, the corresponding end-to-end GEO access scenario is shown in Figure 5.2.1.3-2 and Figure 5.2.1.3-2a. The primary distinction between the reference LTE scenario and the GEO voice main scenario lies in the introduction of the “new GEO channel” and the potential inclusion of the Non-IP Data Delivery option in the protocol stack as illustrated in Figure 5.2.1.3-2a.


Fig.5.2.1.3-1: End-to-end channel of VoLTE using LTE access


Fig.5.2.1.3-2: End-to-end channel of main scenario for IMS voice call using NB-IoT (GEO) satellite access


Fig.5.2.1.3-2a: End-to-end channel of main scenario for IMS voice call using NB-IoT (GEO) satellite access with Non-IP Data Delivery 
Based on the functional description in Table E.1 of TS 26.132, the following input parameters are required to implement the simulation model:

[bookmark: _Hlk197961834]BLER_tx / BLER_rx:
These parameters are required to simulate block error rates in both uplink and downlink.  
NOTE: the resulted error trace based on Clause 5.2.2 will be used to serve as the BLER_tx/BLER_rx.
[max_tx / max_rx:
These define the maximum number of HARQ retransmissions for uplink and downlink respectively, which fall under RAN2 scope. In current specifications, NB-IoT supports at most two HARQ processes, which face constraints in high-latency GEO satellite scenarios. For IMS voice over GEO, HARQ feedback is suggested to be disabled per the standard of Release 18 [5].]
drx_cycle_length:
This parameter represents the duration of the DRX (Discontinuous Reception) cycle in milliseconds. It determines how frequently the device wakes up to monitoring possible scheduling grant. This parameter affects packet scheduling and transmission timing in the simulation context Annex E of TS 26.132. In addition, the values for LTE are 20-40ms, whether these values are suitable for GEO scenarios should be confirmed with RAN2.
mis_eNB1_eNB2:
This parameter represents the scheduling time mis-align between the two eNBs. In GEO scenarios, it indicates how long packets wait in the buffer before the next transmission opportunity. This should be determined primarily by RAN2 (responsible for dynamic scheduling or Semi-Persistent Scheduling) with possible input from RAN1 about physical layer timing relationship aspects.
[max_net_delay / min_net_delay:
These represent the delay range between eNB1 and eNB2. For GEO voice, they are considered similar to the LTE scenario, and legacy parameter values can be reused.]
Editor’s NOTE: 	whether the model for the delay between eNB1 and eNB2 for LTE scenarios well reflects the 		delay in deployment is FFS. 
nFrames:
This refers to the number of frames for the simulation. In the reference LTE scenario, one IP packet corresponds to 20 ms of speech. In contrast, the GEO voice scenario introduces additional considerations shown as follows due to the propagation delay from GEO satellite altitude. 
· Speech sequence (frame length): For GEO, a longer frame length may be used. The maximum frame length of 80 ms, as defined by 3GPP, is assumed in this simulation. Final confirmation is expected from SA4.
· Voice packet size: This depends on the protocol overhead as illustrated in Figure 5.2.1.3-3 for the reference LTE access scenario and Figure 5.2.1.3-4 for the GEO voice main scenario.  As concluded in in TR 23.700-19 , the voice packets shall be transported over the NB-IoT (GEO) user plane (i.e., using DRB and S1-U) via a single PDN connection, and the transportation mechanism of RoHC is recommended as illustrated in Fig. 5.2.1.3-4 (left) and the transport mechanism using removal and restoration of parts of RTP/UDP/IP headers is optional as illustrated in Fig. 5.2.1.3-4 (right).The exact overhead depends on the transport path of the voice packets, user plane or control plane, via IP or via Non-IP (NIDD)—and must be confirmed by RAN2 and SA2. The RTP layer in Figure 5.2.1.3-4 may use a simplified RTP header. The feasibility of such a simplified header may be specified by SA4.
Editor’s NOTE: Regarding the transport mechanism using removal and restoration of parts of RTP/UDP/IP, the exact overhead of UDP/IP is to be determined by SA2, and the exact overhead of RTP is to be derermined by SA4. 



Fig. 5.2.1.3-3: VoIP RTP packet in reference LTE access scenario



Fig.5.2.1.3-4: Example of RTP packet in GEO voice main scenario
-	RTP Payload Size: This is computed as the product of frame length and codec bit rate. 
Editor’s Note: whether the size of RTP payload affects the delay-error profile is FFS.
Once the parameters regarding GEO channel are confirmed, the simulation methodology as described in Table E.1 will be updated with these new parameters and used to produce the required delay-error profiles.
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5.2.2.4	Assumptions and Open Issues for NB-IoT GEO Simulation
This clause documents the assumptions and open issues that require further investigation.
	Issues
	Description
	Status

	1. UE Power Class
	Whether to use the specified 23 dBm power class for NTN NB-IoT or the broader range of power (e.g., 26, 29, 31, and 33 dBm) supported by commercial UEs remains undecided, as no consensus has been reached.
	Pending: 37 dBm (Requires RAN’s input and confirmation)

	2. Latitude-Dependent Loss
	Scintillation loss should be set to 2.2 dB or 0 dB, depending on latitude. As specified in TR 38.821, the impact becomes negligible and shall be consider to zero for beyond the ±20° latitude.
	Solved: The simulation accounts for latitude-dependent loss using the X term.

	3. Elevation Angles
	A proposal has been made to keeping both 2.3° and 12.5° elevation angles in the simulation to consider the worst-case scenario for maintaining acceptable quality. 
	Solved: The simulation accounts for elevation angles using the X term.

	4. UL/DL Guard Time
	An assumption of a 1 millisecond (ms) guard time for UL/DL switching is used in link budget analyses. The feasibility of this duration may need to be confirmed by RAN.
	Pending: Needs to be confirmed by RAN.

	[bookmark: _Hlk204332764]5. Determine candidate TBS values
	Whether to adopt the other potential TBS values need further verification.
- Xiaomi's proposal: S4aA250035
- Fraunhofer's: S4aA250031
- Skylo’s proposal: S4-251540
- Dolby's proposal: S4-251390
- Huawei’s proposal: S4aA250230
- Qualcomm’s proposal: S4-251548
- vivo’s proposal: S4aA250215
	Unsolved

	6.Approaches to select TBS
	Three approaches were provided in S4aA250072, and requires further discussion. One of these approaches is described in detail in clause 5.2.2.4.1
	Unsolved

	7. Overall Simulation Methodology Description
	There is a recognized need to have a high-level description of how the simulation would be run, including parameters to optimize and result parameters.
	Unsolved: To be addressed after all simulation work is completed.

	8. Simulation Channel Model
	NTN-TDL-C or NTN-TDL-C5
	Solved , NTN-TDL-C is used

	9. Protocol Overhead
	Clarify packet header overhead for different combinations of user plane, control plane, and IP vs. non-IP.needs to be confirmed by RAN2 and SA2.
Clarify packet header overhead for the agreed User Plane (UP) transport mechanisms: 
1) Transport of IP packets (UP/IP, RoHC recommended); and 
2) Transport using removal and restoration of parts of RTP/UDP/IP headers (UP/non-IP).
	Update based on SA2 [6]: Voice packets shall be transported over the User Plane using a single PDN connection . Control Plane transport is excluded.
Regarding protocol overhead, SA2 specified that the transport mechanism of IP packets is mandatory (UP/IP, use of RoHC is recommended), whereas the transport mechanism using removal and restoration of parts of RTP/UDP/IP headers is optional (UP/non-IP). 
Pending: Exact overhead values for the "removal and restoration" mechanism (UP/non-IP) depend s on the specific RTP fields selected for removal (may be decided by SA4).

	10. Repetition numbers
	It was proposed to specify and report the number of repetitions in the simulation.
	Solved

	11.RX G/T for downlink
	A 3dB better value observed in the field compared to current assumptions by RAN.
	Unsolved



image1.emf
PHY

Layer-2

IP/UDP/RTP

PHY

Layer-2

UE1 eNB1 EPC core

L1

L2

IP

IMS-AGW

IP/UDP/RTP

SGi

RTP payload

RTP payload

L1

L2

IP

IP/UDP/RTP

VoLTE/VoNR

PHY

Layer-2

IP/UDP/RTP

UE2

RTP payload

RTP payload

EPC core

End-to-end channel

Legacy VoLTE channel

Legacy LTE channel

PHY

Layer-2

eNB2


Microsoft_Visio_Drawing.vsdx
PHY
Layer-2
IP/UDP/RTP
PHY
Layer-2

UE1
eNB1
EPC core
L1
L2
IP
IMS-AGW
IP/UDP/RTP
SGi
RTP payload
RTP payload
L1
L2
IP
IP/UDP/RTP
VoLTE/VoNR
PHY
Layer-2
IP/UDP/RTP
UE2
RTP payload
RTP payload
EPC core
End-to-end channel
Legacy VoLTE channel
Legacy LTE channel
PHY
Layer-2
eNB2



image2.emf
PHY

Layer-2

IP/UDP/RTP

PHY

Layer-2

UE1 eNB1 EPC core

L1

L2

IP

IMS-AGW

IP/UDP/RTP

SGi

RTP payload

RTP payload

L1

L2

IP

IP/UDP/RTP

VoLTE/VoNR

PHY

Layer-2

IP/UDP/RTP

UE2

RTP payload

RTP payload

EPC core

End-to-end channel

Legacy VoLTE channel

New GEO channel

PHY

Layer-2

eNB2


Microsoft_Visio_Drawing1.vsdx
PHY
Layer-2
IP/UDP/RTP
PHY
Layer-2

UE1
eNB1
EPC core
L1
L2
IP
IMS-AGW
IP/UDP/RTP
SGi
RTP payload
RTP payload
L1
L2
IP
IP/UDP/RTP
VoLTE/VoNR
PHY
Layer-2
IP/UDP/RTP
UE2
RTP payload
RTP payload
EPC core
End-to-end channel
Legacy VoLTE channel
New GEO channel
PHY
Layer-2
eNB2



image3.emf
PHY

Layer-2

[TBD]

PHY

Layer-2

UE1 eNB1 EPC core

L1

L2

IP

IMS-AGW

IP/UDP/RTP

SGi

RTP payload

RTP payload

L1

L2

IP

IP/UDP/RTP

VoLTE/VoNR

PHY

Layer-2

IP/UDP/RTP

UE2

RTP payload

RTP payload

EPC core

End-to-end channel

Legacy VoLTE channel

New GEO channel

PHY

Layer-2

eNB2


Microsoft_Visio_Drawing2.vsdx
PHY
Layer-2
[TBD]
PHY
Layer-2

UE1
eNB1
EPC core
L1
L2
IP
IMS-AGW
IP/UDP/RTP
SGi
RTP payload
RTP payload
L1
L2
IP
IP/UDP/RTP
VoLTE/VoNR
PHY
Layer-2
IP/UDP/RTP
UE2
RTP payload
RTP payload
EPC core
End-to-end channel
Legacy VoLTE channel
New GEO channel
PHY
Layer-2
eNB2



image4.emf
PHY

MAC

RLC

PDCP

ROHC 

(IP/UDP/RTP)

PHY

MAC

RLC

PDCP

UE eNB

RTP payload

VoIP RTP packet in reference LTE access scenario


Microsoft_Visio_Drawing3.vsdx
PHY
MAC
RLC
PDCP
ROHC (IP/UDP/RTP)
PHY
MAC
RLC
PDCP
UE
eNB
RTP payload
VoIP RTP packet in reference LTE access scenario



image5.emf
PHY

MAC

RLC

PDCP

RoHC

(IP/UDP/RTP)

PHY

MAC

RLC

PDCP

UE eNB

ULBC

VoIP RTP packet via User Plane with RoHC

PHY

MAC

RLC

PDCP

Removal/restor

ation 

(IP/UDP/RTP)

PHY

MAC

RLC

PDCP

UE eNB

ULBC

VoIP RTP packet via User Plane with removal/restoration of 

RTP/UDP/IP  as optional


Microsoft_Visio_Drawing4.vsdx
PHY
MAC
RLC
PDCP
RoHC
(IP/UDP/RTP)
PHY
MAC
RLC
PDCP
UE
eNB
ULBC
VoIP RTP packet via User Plane with RoHC
PHY
MAC
RLC
PDCP
Removal/restoration (IP/UDP/RTP)
PHY
MAC
RLC
PDCP
UE
eNB
ULBC
VoIP RTP packet via User Plane with removal/restoration of RTP/UDP/IP  as optional



