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Introduction
ITU-R has defined requirements for the satellite component of IMT-2020 [1]. The set of requirements and the corresponding evaluation guidelines are based on the terrestrial procedure, to which 3GPP has submitted TR 37.910 [2]. Similar to the terrestrial case, the requirements include a CP latency target which has been set to 40 ms [1] to take into account the longer propagation delay inherent to satellite communications.
In this contribution, we make an evaluation of the CP latency in NR NTN with different configurations and show how the target latencies are fulfilled.
Discussion
As defined in ITU-R Report M.2514 [1], control plane latency refers to the transition time from a most “battery efficient” state (e.g., Idle state) to the start of continuous data transfer (e.g., Active state). During RAN2#122, an initial discussion took place, and the following relevant agreements were made: 
· Evaluate the control plane latency from RRC_INACTIVE to RRC_CONNECTED.
· Evaluate the control plane latency based on the 2-step RACH.
The CP procedure for the case agreed in RAN2#123 is illustrated in Figure 1. The CP latency as evaluated here encompasses steps 2 to 5. For step 1, the procedure for transition from a most “battery efficient” state has yet not begun, and hence this step is not relevant for the latency of the procedure. For step 6, the beginning of this subframe is considered to be "the start of continuous data transfer", hence this step is not relevant for the latency of the procedure either.
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[bookmark: _Ref492998609]Figure 1: Illustration of CP signalling during transition from RRC_INACTIVE to RRC_CONNECTED mode.

Evaluation assumptions
Besides considering 2-step RACH, the most significant difference with respect to the terrestrial evaluation documented in TR 37.910 [2] is the addition of the satellite’s long propagation delay. As discussed during RAN2#122, the scenario assumption is the optimal case supported in Rel-17 NR NTN which the shortest round-trip time (RTT): a transparent LEO satellite at 600 km altitude with both UE and gateway at 90 degrees elevation angle and resulting in a one-way delay (BS-UE) of 4 ms. RAN2#123 agreed on further assumptions, in particular the detailed procedure shown in Table 1. We provide evaluation results for both 15 kHz and 30 kHz SCS.
Table 1: Detailed assumptions for CP latency
	Step
	Description
	CP latency for UL data transfer 

	1
	Delay due to RACH scheduling period (1TTI)
	0

	2.1.1
	Transmission of RACH preamble
	Length of the preamble according to the PRACH format as specified in TS 38.211

	2.1.2
	Transmission interval
	Length of the interval between PRACH and PUSCH transmissions as specified in TS 38.213

	2.1.3
	Transmission of PUSCH payload (RRCResumeRequest)
	Ts (the length of 1 slot / non-slot)

	2.2
	Propagation delay UE -> BS
	4 ms (RTD/2)

	3
	Preamble detection and processing in gNB	
	3 ms

	4.1
	Transmission of MsgB (RA response)
	Ts (the length of 1 slot / non-slot)

	4.2
	Propagation delay BS -> UE
	4 ms (RTD/2)

	5
	Processing delay in UE of RRC Resume including RA response
	7 ms

	6
	Transmission of RRC Resume Complete and data 
	0

	Notes:
1. For step 1, the procedure for transition from a most “battery efficient” state has yet not begun, hence this step is not relevant for the latency of the procedure which is illustrated by a '0' in the above.
2. For step 3, the processing delay in gNB (L2 and RRC) has been reduced to 3 ms. The delays due to inside-gNB or inter-gNB communication are not included in Step 3. Such delays may exist depending on deployment, but are not within the scope of this evaluation.
3. For step 5 for UL data transfer, the processing delay in the UE (L2 and RRC) is considered, i.e., from reception of RRC Connection Resume including the RA response to the reception of UL grant. The transmission of UL grant by gNB and processing delay in the UE (processing of UL grant and preparing for UL tx) are also considered. The RRCConnectionResume message only includes MAC and PHY configuration. No DRX, SPS, or MIMO re-configuration will be triggered by this message. Further, the UL grant for transmission of RRC Connection Resume Complete and the data is transmitted over common search space with DCI format 0.
4. For step 6, the beginning of this subframe is considered to be "the start of continuous data transfer", hence this step is not relevant for the latency of the procedure which is illustrated by a '0' in the above.



Results
The CP latency is the sum of the time durations of steps 2.1.1 to 5 presented in Table 1. The resulting values for different configurations are shown in Table 2. The values apply to both UE processing capability 1 and 2, as defined in TS 38.214 [3].

Unlike for the terrestrial evaluation in TR 37.910, the CP latency for NTN is the same for UE processing capabilities 1 & 2.

The ITU requirement of 40 ms can be fulfilled with all evaluated configurations.
Table 2: CP latency results [ms]
	Resource mapping type
	Slot/non-slot duration
	2 OFDM symbols PRACH
	6 OFDM symbols PRACH
	1 ms PRACH 

	
	
	15 kHz SCS
	30 kHz SCS
	15 kHz SCS
	30 kHz SCS
	15 kHz SCS
	30 kHz SCS

	Type A
	M = 4
(4OS non-slot)
	20.7
	19.4
	21.0
	19.5
	21.6
	20.3

	
	M = 7
(7OS non-slot)
	21.1
	19.6
	21.4
	19.7
	22.0
	20.5

	
	M = 14
(14OS slot)
	N/A
	N/A
	N/A
	N/A
	23.0
	21.0

	Type B
	M = 2
(2OS non-slot)
	20.1
	19.1
	20.4
	19.2
	21.0
	20.0

	
	M = 4
(4OS non-slot)
	20.2
	19.1
	20.5
	19.3
	21.0
	20.0

	
	M = 7
(7OS non-slot)
	20.6
	19.3
	20.9
	19.5
	21.5
	20.3



NR NTN can achieve a CP latency of around 20 ms and thus fulfill the ITU requirement of 40 ms with all evaluated configurations.

Conclusion
In section 2 we made the following observations:
1. Unlike for the terrestrial evaluation in TR 37.910, the CP latency for NTN is the same for UE processing capabilities 1 & 2.
1. NR NTN can achieve a CP latency of around 15 ms and thus fulfill the ITU requirement of 40 ms with all evaluated configurations.
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