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1. Introduction

In the last meeting, RAN2 discussed the Self-Evaluation towards the 3GPP submission of an IMT-2020 satellite radio interface technology and has some agreements on the evaluation assumptions. In this contribution, we will provide the evaluation analysis.

2. Discussion
In the last meeting, RAN2 has the following agreements 

For RTD we consider the same scenario as considered by RAN1
Also according to the agreement of RAN1 [1], the evaluation will consider at least the following scenario:

	· Proposal 2.2: The evaluation performed by RAN1 will consider at least the following scenario:

· Transparent payload without ISL

· S-band (2GHz)

· LEO-600

· Handheld UEs

Additionally, RAN1 will report results for MTD UEs reusing the evaluations for handheld

FFS: Mentioning of regenerative payload in the report, without additional simulations.


In LEO-600, according to the TR 38.821, the max RTD (Round Trip Delay) is 25.77ms in transparent payload corresponding to minimum elevation angle for both feeder link and service link, i.e., 10° for service link and 10° for feeder link. The corresponding one way delays of service link and feeder link are both 6.44 ms. The minimum RTD is 16.88ms (i.e. 2*(600km/3*10^8m/s= 2ms for service link + 6.44ms for feeder link)) when UE is at the sub-satellite point. Therefore we think the range of RTD is about 16.88ms ~25.77ms.
Proposal 1: For the self-evaluation, the range of RTD is assumed as 16.88ms~25.77ms.
2.1 Control plane latency
In the last meeting, RAN2 has agreed to use the 2-step RACH to evaluate the control plane latency.

	1.
Evaluate the control plane latency from RRC_INACTIVE to RRC_CONNECTED.

2.
Evaluate the control plane latency based on the 2-step RACH.


2-step RACH includes two types, contention-based random access (CBRA) and contention-free random access (CFRA). The CFRA with 2-step RACH is only supported for handover, therefore we should use CBRA with 2-step RACH to evaluate the control plane latency.

Proposal 2: Evaluate the control plane latency using the CBRA with 2-step RACH.
Figure 1 gives an example of CBRA 2-step RACH procedure. The MsgA of the 2-step RACH includes a preamble on PRACH and a payload on PUSCH. After MsgA transmission, the UE monitors for a response from the network within a configured window. If contention resolution is received successfully in MsgB, it ends the random access procedure.

[image: image1]
Figure 1 Control plane procedure with 2-step RACH
Table 1 Analysis of control plane latency in NR NTN
	Step
	Description
	CP Latency for UL data transfer 

[ms]

	1
	Delay due to RACH scheduling period 
	0

	2
	Transmission of Msg A (including preamble and PUSCH payload)
	

	2.1
	Transmission of preamble 
	Length of the preamble according to the PRACH format as specified in 38.211

	2.2
	Transmission Interval between preamble and PUSCH payload
	Need RAN1 to provide the value.

For example: 1~32 slot as in msgA-PUSCH-TimeDomainOffset

	2.3
	Transmission of PUSCH payload(RRC resume request)
	Need RAN1 to provide the value.
For example(same value as in NR TN):

Ts (the length of 1 slot / non-slot) 
NOTE: the length of 1 slot or 1 non-slot is equal to PUSCH allocation length.

	2.4
	Propagation delay of MSG A
	RTD/2

	2.5
	Processing delay in satellite
	Need RAN1 to provide the value.



	3
	Processing delay in gNB (L2 and RRC)
	Need RAN1 to provide the value.
For example(same value as in NR TN): 3ms

	4
	Transmission of RRC Resume
	

	4.1
	Transmission of RRC Resume
	Need RAN1 to provide the value.

For example(same value as in NR TN):

Ts (the length of 1 slot / non-slot)

	4.2
	Propagation delay of RRC resume
	RTD/2

	4.3
	Processing delay in satellite
	Need RAN1 to provide the value.



	5
	Processing delay in UE of RRC Resume including grant reception
	Need RAN1 to provide the value.

For example(same value as in NR TN): 7ms


	6
	Transmission of RRC Resume Complete and UP data 
	0

	Total
	Total control plane latency
	length of preamble + transmission interval between preamble and PUSCH payload+ 2*Ts + RTD + 10ms + 2* Processing delay in satellite.

	Notes:

1. It is understood that the evaluation results for DL data transfer can be further reduced because UE processing delay in Step 5 for DL data transfer does not need to handle UL grant receiving, and therefore can be reduced compared to the case of UL data transfer.



Proposal 3: Take the above Table 1 as the baseline for evaluation of control plane latency.
According to the above table 1, the total control plane latency is equal to (length of preamble + Transmission Interval between preamble and PUSCH payload+ 2*Ts + RTD + 10ms + 2* Processing delay in satellite). We assume that the total latency of the sum of length of preamble and processing delay in satellite is about 1 ms and Ts is about 1ms @15kHz SCS. The control plane latency is about 13ms+ transmission interval between preamble and PUSCH payload+ RTD.  Therefore the minimum value of control plane latency is 30.88ms (13ms + 1ms@15Khz SCS + 16.88ms), and the maximum value is 70.77ms (13m+32ms@15Khz SCS + 25.77ms).

Proposal 4: The control plane latency for self-evaluation is assumed to be 30.88ms~70.77ms.

According to Report ITU-R M.2514 [2], control plane latency should be equal to or less than 40 ms. Here we take the transition from “Inactive state” to “Active state” as an example for the following analysis. According to the above analyse in Table 1, whether the requirement of control plane latency can be fulfilled depends on the value of transmission interval between preamble and PUSCH payload and RTD. We think NR NTN can fulfil the control plane latency requirement if suitable values are chosen in the evaluation.

Proposal 5: Whether the requirement of control plane latency can be fulfilled depends on the value of transmission interval between preamble and PUSCH payload and RTD.

2.2 User plane latency
In the last meeting, RAN2 has agreed to disable HARQ when evaluating the user plane latency.

2.2.1  DL User plane latency
For the DL user plane transmission with HARQ feedback disabled, UE will not transmit the HARQ ACK/NACK to the gNB. In the meantime, gNB can use the blind retransmission or repeated transmission to enhance the reliability.
Table 2  Analysis of DL user plane latency in NR NTN
	ID
	Component
	Notations
	Value

	1
	DL data transfer
	T1 = (tBS,tx + tFA,DL) + tDL_duration + tpropagation+  tsatellite+  tUE,rx 


	

	1.1
	BS processing delay
	tBS,tx
The time interval between the data is arrived, and packet is generated.
	Need RAN1 to provide the value.

For example(same value as in NR TN): It is Tproc,2/2, with d2,1= d2,2= d2,3=0. (Tproc,2 is defined in Section 6.4 of TS38.214) 

	1.2
	DL Frame alignment (transmission alignment)
	tFA,DL
It includes frame alignment time
	TFA,

TFA is the frame alignment time within the current DL slot; 

Need RAN1 to provide the value.



	1.3
	TTI for DL data packet transmission
	tDL_duration
	Need RAN1 to provide the value.

For example(same value as in NR TN):
Length of one slot (14 OFDM symbol length) or non-slot (2/4/7 OFDM symbol length), depending on slot or non-slot selected in evaluation.

	1.4
	Propagation delay of DL data packet transmission
	tpropagation
	RTD/2

	1.5
	Processing delay in satellite
	tsatellite
	Need RAN1 to provide the value.



	1.6
	UE processing delay
	tUE,rx 

The time interval between the PDSCH is  received and the data is decoded;
	Need RAN1 to provide the value.

For example(same value as in NR TN):
Tproc,1/2 (Tproc,1 is defined in Section 5.3 of TS38.214), d1,1=0;  d1,2 should be selected according to resource mapping type and UE capability. N1=the value with “No additional PDSCH DM-RS configured”.

	2
	DL data packet retransmission or repetition 
	Tretransmssion or Trepetition = n× tinterval
tinterval is time interval between two transmission
	Need RAN1 to provide the value.

For the blind retrasmission, in our understanding, the gNB will retransmit the DL data packet before UE receives the DL data packet. Therefore the total retransmission or repetition time is not equal to n×T1. We think it is about n× tinterval
 

	Total
	Total user plane latency for DL
	TUP= T1 + n× tinterval
where n is the number of re-transmissions/repetition (n≥0) necessary for the DL packet to get through

In our understanding, if tDL_durationis 1ms, T1 is about RTD/2 + 1ms and tinterval is 1 ms. tBS,tx ,tsatellite and tUE,rx  take up about 0.5 ms altogether assuming 15kHz SCS.


Proposal 6: Take the above Table 2 as the baseline for evaluation of DL user plane latency.
According to the value in Table 2, the total DL User plane delay is about (RTD/2 + n + 1 + 0.5) ms. Therefore the minimum value is 9.94 ms when only one transmission is needed and the maximum value is (14.39 + n) ms.
Proposal 7: The DL user plane latency is assumed to be 9.94 ms ~ (14.39 + n) ms, where n is the number of retransmissions.
According to Report ITU-R M.2514 [2], user plane latency is the contribution of the radio network to the time from when the source sends a packet to when the destination receives it (in ms). User plane latency should be equal to or less than 10 ms, for both downlink and uplink, assuming unloaded conditions (i.e. a single user) and small IP packets (e.g. 0 byte payload + IP header).  Therefore we think NR NTN can fulfil DL user plane latency requirement if the RTD is set to the minimum value.

Proposal 8: Whether the requirement of DL user plane latency can be fulfilled depends on the value of RTD and the number of retransmissions.

2.2.2  UL User plane latency
For the UL user plane transmission without HARQ retransmission (HARQ mode B), the gNB can use the blind retransmission or repeated transmission to enhance the reliability.

Table 3  Analysis of UL user plane latency in NR NTN 
	Step
	Component
	Notations
	Value

	1
	UL data transfer
	T1 = (tUE,tx + tFA,UL) + tUL_duration + tpropagation+  tsatellite + tBS,rx
	

	1.1
	UE processing delay
	tUE,tx
The time interval between the data is arrived, and packet is generated; 
	Need RAN1 to provide the value.

For example(same value as in NR TN):
Tproc,2/2 (Tproc,2 is defined in Section 6.4 of TS38.214), with d2,1= d2,2= d2,3=0

	1.2
	UL Frame alignment (transmission alignment)
	tFA,UL
It includes frame alignment time 
	TFA,

TFA is the frame alignment time within the current UL slot
Need RAN1 to provide the value.



	1.3
	TTI for UL data packet transmission
	tUL_duration
	Need RAN1 to provide the value.

For example(same value as in NR TN):
Length of one slot (14 OFDM symbol length) or non-slot (2/4/7 OFDM symbol length), depending on slot or non-slot selected in evaluation.

	1.4
	Propagation delay of UL data packet transmission
	tpropagation
	RTD/2

	1.5
	Processing delay in satellite
	tsatellite
	Need RAN1 to provide the value.



	1.6
	BS processing delay
	tBS,rx 

The time interval between the PUSCH is  received and the data is decoded;
	Need RAN1 to provide the value.

For example(same value as in NR TN):
Tproc,1/2 (Tproc,1 is defined in Section 5.3 of TS38.214), d1,1=0;  d1,2 should be selected according to resource mapping type and UE capability. N1=the value with “No additional PDSCH DM-RS configured”; It is assumed that BS processing delay is equal to UE processing delay as for PDSCH



	2
	UL data packet retransmission or repetition 
	Tretransmssion or Trepetition = n× tinterval
tinterval is time interval between two transmission
	Need RAN1 to provide the value.

For the blind retrasmission, in our understanding, the gNB will retransmit the UL data packet before UE receives the UL data packet. Therefore the total retransmission or repetition time is not equal to n×T1. We think it is about n× tinterval
 

	Total
	Total user plane latency for UL
	TUP= T1 + n× tinterval
where n is the number of re-transmissions/repetition (n≥0) necessary for the UL packet to get through

In our understanding, if tUL_durationis 1ms, T1 is about RTD/2 + 1ms and tinterval is 1 ms. tBS,tx ,tsatellite and tUE,rx  take up about 0.5 ms altogether assuming 15kHz SCS.


Proposal 9: Take the above Table 3 as the baseline for evaluation of UL user plane latency.

Similar to the discussion for DL transmission, the total UL User plane delay is above (RTD/2 + n + 1 + 0.5) ms. Therefore the minimum value is 9.94 ms when only one transmission is needed and the maximum value is (14.39 + n) ms. User plane latency should be equal to or less than 10 ms based on the requirement of IMT-2020. Therefore we think NR NTN can fulfil UL user plane latency requirement if the RTD is set to the minimum value.
Proposal 10: The UL user plane latency is assumed to be 9.94 ms ~ (14.39 + n) ms, where n is the number of retransmissions.
Proposal 11: Whether the requirement of UL user plane latency can be fulfilled depends on the value of RTD and the number of retransmissions.

2.3 Mobility interruption time

In the last meeting, RAN2 has agreed that 0ms mobility interruption time can be achieved by NR in beam mobility. In our understanding, this cannot cover the majority of scenarios. And in some cases, there is only one beam in one satellite cell. Therefore we think the interruption time during mobility across cell should also be evaluated.
Proposal 12: The interruption time during mobility across cell should also be evaluated.
RAN4 specifies the interruption time in TS 38.133 for the normal handover and conditional handover as described in Annex. The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay. The interruption time of normal handover contains an additional item of Tsearch compared with conditional handover. But in our understanding, the target cell is already known when the handover command is received by UE in most of cases. Therefore Tsearch = 0 ms. Based on the Annex description in TS 38.133, the total interruption time is about SSB to PRACH occasion association period + 32ms  + SMTC periodicity (T∆), where 32ms is the sum value of Tprocessing, Tmargin and  the 10ms part of  TIU.
Therefore the interruption time mainly depends on SSB to PRACH occasion association period and the SMTC periodicity. 
Proposal 13: The evaluation of interruption time during mobility across cell depends on the configuration of SSB to PRACH occasion association period and the SMTC periodicity
According to TS 38.213, the minimum SSB to PRACH occasion association period is 10ms.

Table 8.1-1: Mapping between PRACH configuration period and SS/PBCH block to PRACH occasion association period
	PRACH configuration period (msec)
	Association period (number of PRACH configuration periods)

	10
	{1, 2, 4, 8, 16}

	20
	{1, 2, 4, 8}

	40
	{1, 2, 4}

	80
	{1, 2}

	160
	{1}


According to TS 38.331, the range of SMTC periodicity is 5~160ms.

SSB-MTC ::=                             SEQUENCE {

    periodicityAndOffset                    CHOICE {

        sf5                                 INTEGER (0..4),

        sf10                                    INTEGER (0..9),

        sf20                                    INTEGER (0..19),

        sf40                                    INTEGER (0..39),

        sf80                                    INTEGER (0..79),

        sf160                                   INTEGER (0..159)

    },

    duration                                ENUMERATED { sf1, sf2, sf3, sf4, sf5 }

}
Therefore the minimum interruption time is 32 + 10 + 5 = 47 ms.

Proposal 14: The minimum interruption time during mobility across cells is assumed to be 47ms.
According to Report ITU-R M.2514 [2], mobility interruption time is the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any satellite and/or gateway node during transitions. The requirement for mobility interruption time is 50 ms. Therefore the mobility interruption in cell mobility can fulfil requirement only when the network configures the minimum value of SS/PBCH block to PRACH occasion association period and the minimum value of SMTC periodicity.
Proposal 15: Whether the requirement of interruption time during mobility across cells can be fulfilled depends on whether the network configures the minimum value of SS/PBCH block to PRACH occasion association period and the minimum value of SMTC periodicity.
3. Conclusions
In this contribution, we discussed the evaluation assumptions of NR NTN, and made the following observations and proposal:

Proposal 1: For the self-evaluation, the range of RTD is about assumed as 16.88ms~25.77ms.
Proposal 2: Evaluate the control plane latency using the CBRA with 2-step RACH.
Proposal 3: Take the above Table 1 as the baseline for evaluation of control plane latency.

Proposal 4: The control plane latency for self-evaluation is assumed to be 30.88ms~70.77ms.

Proposal 5: Whether the requirement of control plane latency can be fulfilled depends on the value of transmission interval between preamble and PUSCH payload and RTD.

Proposal 6: Take the above Table 2 as the baseline for evaluation of DL user plane latency.

Proposal 7: The DL user plane latency is assumed to be 9.94 ms ~ (14.39 + n) ms, where n is the number of retransmissions.
Proposal 8: Whether the requirement of DL user plane latency can be fulfilled depends on the value of RTD and the number of retransmissions.

Proposal 9: Take the above Table 3 as the baseline for evaluation of UL user plane latency.

Proposal 10: The UL user plane latency is assumed to be 9.94 ms ~ (14.39 + n) ms, where n is the number of retransmissions

Proposal 11: Whether the requirement of UL user plane latency can be fulfilled depends on the value of RTD and the number of retransmissions.
Proposal 12: The interruption time during mobility across cell should also be evaluated 
Proposal 13: The evaluation of interruption time during mobility across cell depends on the configuration of SSB to PRACH occasion association period and the SMTC periodicity
Proposal 14: The minimum interruption time during mobility across cells is assumed to be 47ms.
Proposal 15: Whether the requirement of interruption time during mobility across cells can be fulfilled depends on whether the network configures the minimum value of SS/PBCH block to PRACH occasion association period and the minimum value of SMTC periodicity.
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5. Annex- 38.133 Mobility interruption time in NTN
6.1C.1
NR SAN Handover
……
6.1C.1.2.2
Interruption time

The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay.

When intra-frequency or inter-frequency handover to NR SAN cell is commanded, 

the interruption time shall be less than Tinterrupt

Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms

Otherwise, no interruption time requirement is applied.
Where:

-
Tsearch is the time required to search the target NR SAN cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = Trs ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot ≥ -2 dB, then Tsearch = 3* Trs ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.

-
T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs.

-
Tprocessing is time for UE processing. Tprocessing can be up to 20ms.

-
Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
-
TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and [10] ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].
-
Trs is the SMTC periodicity of the target NR SAN cell if the UE has been provided with an SMTC configuration for the target cell in the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this clause is applied with Trs=5ms assuming the SSB transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the handover command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.

In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown. Relevant cell identification requirements are described in Clause 9.2.5 for intra-frequency handover and Clause 9.3.4 for inter-frequency handover.

6.1C.2
NR SAN Conditional Handover
……
6.1C.2.2.4
Interruption time

The interruption time is the time between when the UE starts to execute the conditional handover to the target cell and the time the UE starts transmission of the new PRACH.

For intra-frequency or inter-frequency conditional handover, the measurement time shall be less than


Tinterrupt = Tprocessing + TIU + T∆ + Tmargin ms

Where:

-
Tprocessing is time for UE processing. Tprocessing can be up to 20ms.

-
TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and [10] ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3]

-
T∆ is time for fine time tracking and acquiring full timing information of the target cell. TΔ = Trs.

-
Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
-
Trs is the SMTC periodicity of the target NR SAN cell if the UE has been provided with an SMTC configuration for the target cellin the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this clause is applied with Trs=5ms assuming the SSB transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the handover command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.

NOTE 1:
The actual value of TIU shall depend upon the PRACH configuration used in the target cell.
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