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1. Introduction 
In [1], a new SID was approved on IMT-2020 satellite radio interface evaluation. RAN1 is tasked with providing evaluations for different performance requirements. In RAN2#121bis meeting, following agreement was made.

· RAN2 will wait for progress in RAN1 (and potentially input from RAN1) before starting any work on this

In RAN2#122, following agreements were made.
Agreements:
1. RAN2 will perform the evaluations of user plane latency, control plane latency, and mobility interruption time.
2. Evaluate the control plane latency from RRC_INACTIVE to RRC_CONNECTED.
3. Evaluate the control plane latency based on the 2-step RACH.
4. For user plane latency evaluation, HARQ disabling should be assumed.
5. Evaluate the mobility interruption in beam mobility
6. Confirm 0ms mobility interruption time is achieved by NR in beam mobility
7. For RTD we consider the same scenario as considered by RAN1

In this document, we provide further details on the control/use plane latency and mobility interruption evaluation.
2. Discussion 
Parameters for latency evaluation
To simplify the evaluation results, we propose only to consider the limited set of configurations such as considering only 14 OFDM symbols for PDSCH/PUSCH and 1ms PRACH length, NR FDD with 15 kHz SCS, initial transmission error probability of p=0 and p=0.1. Also, the resource type A and B and UE capability 1 and UE capability 2 can be considered. The we think RAN2 can add tables for the evaluation results based on the agreed procedure and parameters similar to Table 5.7.1.1.1-2 and Table 5.7.1.1.2-2 in TR 37.910 [2] for user plane latency evaluation and Table 5.7.2.1-2 for control plane latency evaluation.
Proposal 1 [bookmark: _Toc142570465][bookmark: _Toc142570615][bookmark: _Toc142572905][bookmark: _Toc142577340][bookmark: _Toc142578508][bookmark: _Toc142569977][bookmark: _Toc142591139]For control/user plane latency evaluation, consider: 
· [bookmark: _Toc142570466][bookmark: _Toc142570616][bookmark: _Toc142572906][bookmark: _Toc142577341][bookmark: _Toc142578509][bookmark: _Toc142591140]14 OFDM symbols for PDSCH/PUSCH, 
· [bookmark: _Toc142570467][bookmark: _Toc142570617][bookmark: _Toc142572907][bookmark: _Toc142577342][bookmark: _Toc142578510][bookmark: _Toc142591141]1ms PRACH length, 
· [bookmark: _Toc142570468][bookmark: _Toc142570618][bookmark: _Toc142572908][bookmark: _Toc142577343][bookmark: _Toc142578511][bookmark: _Toc142591142]NR FDD with 15 kHz SCS, 
· [bookmark: _Toc142570469][bookmark: _Toc142570619][bookmark: _Toc142572909][bookmark: _Toc142577344][bookmark: _Toc142578512][bookmark: _Toc142591143]initial transmission error probability of p=0 and p=0.1, 
· [bookmark: _Toc142570470][bookmark: _Toc142570620][bookmark: _Toc142572910][bookmark: _Toc142577345][bookmark: _Toc142578513][bookmark: _Toc142591144]the resource type A and B and 
· [bookmark: _Toc142570471][bookmark: _Toc142570621][bookmark: _Toc142572911][bookmark: _Toc142577346][bookmark: _Toc142578514][bookmark: _Toc142591145]UE capability 1 and UE capability 2.
Control plane latency
In TR 37.910 [2], Control plane latency was previously evaluated from RRC_INACTIVE state to RRC_CONNECTED state for Rel-15 NR. Compared to Rel-15 NR, the satellite communication adds additional latency due to UE to gNB RTT. 
It is already agreed to use state transition from RRC_INACTIVE to RRC_CONNECTED using 2 step RACH for control plane latency evaluation. We propose table 5.7.2.1-1 in TR 37.910 to be used as baseline for control plane latency evaluation for NR NTN as shown below in Table 1.
Table 1 CP latency evaluation for NR NTN with 2 step RACH (i.e., MsgA and MsgB)
	Step
	Description
	CP Latency for UL data transfer 
[ms]

	1
	UE Processing Delay (L1 encoding of RRC Resume Request) for MsgA
	Tproc,2/2 (Tproc,2 is defined in Section 6.4 of TS38.214), with d2 = d2,1= d2,2=0

	2
	Delay due to MsgA PUSCH scheduling period 
	msgA-PUSCH-TimeDomainOffset = 1 slot as configured in TS 38.331

	3
	Transmission of MsgA (RACH Preamble and RRC Resume Request)
	Length of the preamble of 1ms plus Ts (the length of 1 slot)


	4
	Preamble detection and processing delay in gNB (preamble, L2 and RRC)
	
	Tproc,2 (assuming d2 = d2,1= d2,2=0)  plus 3

	4a
	Additional propagation delay between msgA and MsgB
	UE-gNB RTT 

	5
	Processing delay in UE of RRC Resume including grant reception for MsgB
	7

	6
	Transmission of RRC Resume Complete and UP data 
	0

	Notes:
1. For step 4, the value of Tproc,2 is used only for evaluation. gNB processing delay may vary depending on implementation.
2. For LEO at 600km with transparent NTN payload, the UE-gNB RTT is equal to 19.526ms assuming satellite to UE elevation angle of 90° and satellite to gateway elevation angle of 5° [4, TR 38.811].



Proposal 2 [bookmark: _Toc134476893][bookmark: _Toc134477948][bookmark: _Toc134478796][bookmark: _Toc134479969][bookmark: _Toc134480025][bookmark: _Toc134534110][bookmark: _Toc134625898][bookmark: _Toc134695535][bookmark: _Toc134696455][bookmark: _Toc134696538][bookmark: _Toc134723102][bookmark: _Toc134723108][bookmark: _Toc142385971][bookmark: _Toc142386781][bookmark: _Toc142386854][bookmark: _Toc142569978][bookmark: _Toc142570472][bookmark: _Toc142570622][bookmark: _Toc142572912][bookmark: _Toc142577347][bookmark: _Toc142578515][bookmark: _Toc142591146]The 2-step RACH evaluation provided in Table 1 for control plane latency is used as baseline for CP latency evaluation for NR NTN.
User plane latency
It is agreed that for user plane latency evaluation, HARQ disabling is assumed. Therefore, the delay due to retransmission does not need to be considered. The evaluation provided in Table 5.7.1.1.1-1 in TR 37.910 for DL user plane procedure for NR can be used as baseline with the addition of UE-gNB RTT time as shown in Table 2. The total one way user plane latency for DL can be TUP= T1.
Table 2 DL user plane procedure for NR
	ID
	Component
	Notations
	Value

	0
	Total one way user plane latency for DL
	T1 = (tBS,tx + tFA,DL) + tDL_duration + tPropDelay + tUE,rx
	

	1
	BS processing delay
	tBS,tx
The time interval between the data is arrived, and packet is generated.
	Tproc,2/2, with d2 = d2,1= d2,2=0. (Tproc,2 is defined in Section 6.4 of TS38.214) (NOTE1)

	2
	DL Frame alignment (transmission alignment)
	tFA,DL
It includes frame alignment time, and the waiting time for next available DL slot
	TFA + Twait,
TFA is the frame alignment time within the current DL slot; 
Twait is the waiting time for next available DL slot if the current slot is not DL slot. 

	3
	TTI for DL data packet transmission
	tDL_duration
	Length of one slot (14 OFDM symbol length).

	3a
	Additional propagation delay 
	tPropDelay 
	UE-gNB RTT/2

For LEO at 600km with transparent NTN payload, the UE-gNB RTT is equal to 19.526ms assuming satellite to UE elevation angle of 90° and satellite to gateway elevation angle of 5° [4, TR 38.811].

	4
	UE processing delay
	tUE,rx 
The time interval between the PDSCH is  received and the data is decoded;
	Tproc,1/2 (Tproc,1 is defined in Section 5.3 of TS38.214), d1,1=0;  d2 should be selected according to resource mapping type and UE capability. N1=the value with “No additional PDSCH DM-RS configured”.

	Note:
1. The value is used for evaluation only; gNB processing delay may vary depending on implementation. HARQ feedback disabled configuration is considered.



Similarly, the uplink procedure using a grant free transmission evaluated in Table 5.7.1.1.2-1 in TR 37.910 for UL user plane procedure for NR can be used as baseline with the addition of UE to gNB propagation delay as shown in Table 3.
Table 3 UL user plane procedure for NR
	Step
	Component
	Notations
	Value

	0
	Total one way user plane latency for UL
	T1 = (tUE,tx + tFA,UL) + tUL_duration + tPropDelay + tBS,rx
	

	1
	UE processing delay
	tUE,tx
The time interval between the data is arrived, and packet is generated; 
	Tproc,2/2 (Tproc,2 is defined in Section 6.4 of TS38.214), with d2 = d2,1= d2,2=0

	2
	UL Frame alignment (transmission alignment)
	tFA,UL
It includes frame alignment time, and the waiting time for next available UL slot 
	TFA + Twait,
TFA is the frame alignment time within the current UL slot, 
Twait is the waiting time for next available UL slot if the current slot is not UL slot.

	3
	TTI for UL data packet transmission
	tUL_duration
	Length of one slot (14 OFDM symbol length).

	3a
	Additional propagation delay 
	tPropDelay 
	UE-gNB RTT/2

For LEO at 600km with transparent NTN payload, the UE-gNB RTT is equal to 19.526ms assuming satellite to UE elevation angle of 90° and satellite to gateway elevation angle of 5° [4, TR 38.811].

	4
	BS processing delay
	tBS,rx 
The time interval between the PUSCH is  received and the data is decoded;
	Tproc,1/2 (Tproc,1 is defined in Section 5.3 of TS38.214), d1,1=0;  d2 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
(Note1)

	Note:
1. The value is used for evaluation only; gNB processing delay may vary depending on implementation.
Note: HARQ mode B configuration is assumed.
2.The grant free transmission is assumed to use the following start symbols:
For 14-symbol PUSCH, the start symbol can be at symbol #0 for PUSCH resource mapping type A and B.



Proposal 3 [bookmark: _Toc134476894][bookmark: _Toc134477949][bookmark: _Toc134478798][bookmark: _Toc134479971][bookmark: _Toc134480027][bookmark: _Toc134534112][bookmark: _Toc134625900][bookmark: _Toc134695536][bookmark: _Toc134696456][bookmark: _Toc134696539][bookmark: _Toc134723103][bookmark: _Toc134723109][bookmark: _Toc142385972][bookmark: _Toc142386782][bookmark: _Toc142386855][bookmark: _Toc142569979][bookmark: _Toc142570473][bookmark: _Toc142570623][bookmark: _Toc142572913][bookmark: _Toc142577348][bookmark: _Toc142578516][bookmark: _Toc114999151][bookmark: _Toc115170589][bookmark: _Toc115186211][bookmark: _Toc115266664][bookmark: _Toc115340375][bookmark: _Toc115366780][bookmark: _Toc115366875][bookmark: _Toc115369758][bookmark: _Toc117977179][bookmark: _Toc117977347][bookmark: _Toc118393112][bookmark: _Toc118394796][bookmark: _Toc118394825][bookmark: _Toc127186641][bookmark: _Toc127186686][bookmark: _Toc127454091][bookmark: _Toc127470319][bookmark: _Toc127470322][bookmark: _Toc131082413][bookmark: _Toc131347034][bookmark: _Toc131347767][bookmark: _Toc131347796][bookmark: _Toc131698736][bookmark: _Toc131698744][bookmark: _Toc134378405][bookmark: _Toc142591147]The evaluation provided in Table 2 with total one way user plane latency T1 = (tBS,tx + tFA,DL) + tDL_duration + tPropDelay + tUE,rx is used as baseline for UP latency evaluation in DL.
Proposal 4 [bookmark: _Toc134476895][bookmark: _Toc134477950][bookmark: _Toc134478799][bookmark: _Toc134479972][bookmark: _Toc134480028][bookmark: _Toc134534113][bookmark: _Toc134625901][bookmark: _Toc134695537][bookmark: _Toc134696457][bookmark: _Toc134696540][bookmark: _Toc134723104][bookmark: _Toc134723110][bookmark: _Toc142385973][bookmark: _Toc142386783][bookmark: _Toc142386856][bookmark: _Toc142569980][bookmark: _Toc142570474][bookmark: _Toc142570624][bookmark: _Toc142572914][bookmark: _Toc142577349][bookmark: _Toc142578517][bookmark: _Toc142591148]The evaluation provided in Table 3 using a grant free transmission with total one way user plane latency T1 = (tUE,tx + tFA,UL) + tUL_duration + tPropDelay + tBS,rx is used as baseline for UP latency evaluation in UL.
Mobility interruption time
A satellite may be operating with multiple beams associated with the same cell or different cells. For shortest interruption supported by the system, it is agreed that beam-based mobility can be considered. RAN2 has also confirmed that 0ms mobility interruption time can be achieved by NR in beam mobility.
Another question for IMT-2020 satellite is whether to consider inter-satellite handover for the mobility interruption time. However, as defined in Report ITU-R M.2410, mobility interruption time is the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during mobility transitions. Therefore, we think that it is sufficient to consider a best-case scenario (e.g., beam-based mobility) that is not excluded in NTN and it is not necessary to consider other scenarios such as service link and feeder link switch for mobility interruption time evaluation.
Proposal 5 [bookmark: _Toc134476896][bookmark: _Toc134477951][bookmark: _Toc134478800][bookmark: _Toc134479973][bookmark: _Toc134480029][bookmark: _Toc134534114][bookmark: _Toc134625902][bookmark: _Toc134695538][bookmark: _Toc134696458][bookmark: _Toc134696541][bookmark: _Toc134723105][bookmark: _Toc134723111][bookmark: _Toc142385974][bookmark: _Toc142386785][bookmark: _Toc142386858][bookmark: _Toc142569981][bookmark: _Toc142570475][bookmark: _Toc142570625][bookmark: _Toc142572915][bookmark: _Toc142577350][bookmark: _Toc142578518][bookmark: _Toc142591149]It is sufficient to consider beam-based mobility to achieve 0ms mobility interruption and other scenarios (e.g., service link and feeder link switch) will not be considered for mobility interruption time evaluation.
3. Conclusion
Following observations and proposals are made.
Proposal 1	For control/user plane latency evaluation, consider:
-	14 OFDM symbols for PDSCH/PUSCH,
-	1ms PRACH length,
-	NR FDD with 15 kHz SCS,
-	initial transmission error probability of p=0 and p=0.1,
-	the resource type A and B and
-	UE capability 1 and UE capability 2.
Proposal 2	The 2-step RACH evaluation provided in Table 1 for control plane latency is used as baseline for CP latency evaluation for NR NTN.
Proposal 3	The evaluation provided in Table 2 with total one way user plane latency T1 = (tBS,tx + tFA,DL) + tDL_duration + tPropDelay + tUE,rx is used as baseline for UP latency evaluation in DL.
Proposal 4	The evaluation provided in Table 3 using a grant free transmission with total one way user plane latency T1 = (tUE,tx + tFA,UL) + tUL_duration + tPropDelay + tBS,rx is used as baseline for UP latency evaluation in UL.
Proposal 5	It is sufficient to consider beam-based mobility to achieve 0ms mobility interruption and other scenarios (e.g., service link and feeder link switch) will not be considered for mobility interruption time evaluation.
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