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1 Introduction
In last RAN2 meeting, the features of IAB design were discussed and some related agreements were achieved as follows [1]:

Agreements

1: IAB design shall support multiple backhaul hops


-
 The architecture should not impose limits on the number of backhaul hops.


-
 The study should consider scalability to hop-count an important KPI.


-
 Single hop is considered a special case of multiple backhaul hops.

2: Topology adaptation for physically fixed relays is supported to enable robust operation, e.g., mitigate blockage and load variation on backhaul links

3: L2 and L3 relay architectures will be studied. Definitions of L2- and L3-relaying in the context of IAB is FFS

4: The IAB design should minimize the impact to core network specifications

5: The study should consider the impact to the core network signalling load as an important KPI

6: Strive to maximize reuse of Rel-15 NR specifications for the design of the backhaul link. Enhancement can also be considered.

Although RAN2 did not agree to any specified limit on the number of backhaul hops, but some companies suggest the hop count is unlikely to exceed 4 due to system spectral efficiency and the need to minimize latency. Therefore, in this paper, we take 4-hops as an example, and analyze whether the control plane latency for UE initial access can meet the requirements for control plane latency in NR. 
2 Discussion
In 3GPP, control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE).
In LTE, the C-plane flow for the IDLE to CONNECTED transition is as follows. 
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Figure 1 C-plane flow for the IDLE to CONNECTED transition 
Taking the FDD frame structure as example, the corresponding latency analysis as described in [2], including the following aspects:
Table 1 C-plane latency analysis in FDD 

	Component
	Description
	Minimum

[ms]
	Average

[ms]

	1
	Average delay due to RACH scheduling period
	0.5
	2.5

	2
	RACH Preamble
	1
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3
	5

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5
	5

	6
	Transmission of RRC Connection Request
	1
	1

	7
	Processing delay in eNB (L2 and RRC)
	4
	4

	8
	Transmission of RRC Connection Set-up (and UL grant)
	1
	1

	9
	Processing delay in the UE (L2 and RRC)
	15
	15

	10
	Transmission of RRC Connection Set-up complete (including NAS Service Request)
	1
	1

	11
	Processing delay in eNB (Uu –> S1-C)
	4
	4

	12
	S1-C Transfer delay
	T_S1
	T_S1

	13
	MME Processing Delay (including UE context retrieval of 10ms)
	15
	15

	14
	S1-C Transfer delay
	T_S1
	T_S1

	15
	Processing delay in eNB (S1-C –> Uu)
	4
	4

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1.5
	1.5

	17
	Processing delay in UE (L2 and RRC)
	20
	20

	
	Total delay [ms]
	76
	80


The above analysis illustrates that the UE state transition from IDLE to CONNECTED can be achieved within a minimum of 76ms. It is notes that the time of step 12 and 14 are not included in the total delay because they are not included in the latency requirement and are outside the scope of RAN WG2. 

Also defined in [2], the control plane latency can be further optimized. Namely, the NAS service request in step 10 is moved into step 6, so the NSA setup portion (e.g. steps 12-14) can be executed in parallel to the RRC one (e.g. steps 8-10), and it does not appear in the total latency (assuming that the total delay of steps 12-14 is shorter than or equal to the total delay of steps 8-10). Therefore, the latency can be further reduced to 50ms. 
2.1 Control plane latency analysis for UE initial access in 4-hops IAB scenario
In NR, the target for control plane latency is reduced to 10ms as defined in [3]. 
According to Table 1, the control plane latency is highly dependent on the processing delay of both UE and eNB sides. In order to reduce the latency in NR, RAN1 agreed that L1 processing time is a multiple of OFDM symbol. Considering that there are also L2 and RRC processing, it is appropriate to assume the processing time can be N min-slots of M OFDM symbols for access nodes and UE. 
Based on this assumption, we give an analysis for the NR control plane latency for UE initial access in 4-hops IAB scenario, as shown below.
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Figure 2 4-hops IAB scenario
In the last RAN2 meeting, it was agreed that both L2 and L3 IAB architectures will be studied. The control plane latency under different architectures may be different.
L3 IAB architecture: 

In this architecture, the UE RRC is terminated in its access node. As shown in Figure 2, UE RRC is terminated in IAB node1. 
The C-plane procedure for UE initial access with a 4-hops L3 IAB scenario is as follows.  
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Figure 3 C-plane procedure for UE initial access in 4-hops L3 IAB scenario
In this procedure, IAB donor performs the proxy for UE NGAP message. That is to say, NG interface for UE is established between IAB node1 and IAB donor, as well as IAB donor and AMF. The intermediate IAB nodes along the path just relay the received NGAP message transparently, so the processing time on these IAB nodes includes L1 and L2 processing time, but will also include L3 processing for IP routing etc. 
Observation 1: For L3 IAB architecture, IAB node1 terminates UE RRC message and generates NGAP message for UE, and then sends to IAB donor via several intermediate IAB nodes. The intermediate IAB nodes between IAB node1 and IAB donor only relay the received NGAP message transparently.
The control plane latency analysis for FDD in L3 IAB architecture is shown in Table 2. 
Table 2 Control plane latency analysis for NR FDD in L3 IAB architecture
	Component
	Description
	Time (# of mini-slot of M OFDM symbols)

	1
	Average delay due to RACH scheduling period 
	0.5

	2
	RACH Preamble
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	N

	6
	Transmission of RRC Connection Request
	1

	7
	
Processing delay in IAB node1 (L2 and RRC)
	N

	8
	Transmission of RRC Connection Setup (and UL grant)
	1

	9
	Processing delay in the UE (L2 and RRC)
	N

	10
	Transmission of RRC Connection Complete
	1

	11
	Processing delay in IAB node1 (Uu –> NGAP)
	N

	12
	Transmission of Initial UE message
	1

	13
	Processing delay in IAB node2 (L2)
	0.5N

	14
	Transmission of Initial UE message
	1

	15
	Processing delay in IAB node3 (L2)
	0.5N

	16
	Transmission of Initial UE message
	1

	17
	Processing delay in IAB node4 (L2 and NGAP)
	N

	18
	Transmission of Initial UE message
	1

	19
	Processing delay in IAB donor (L2 and NGAP)
	N

	20
	Transmission of Initial UE message
	T1

	21
	Processing delay in AMF (including UE context retrieval)
	N

	22
	Transmission of Initial Context Setup Request
	T1

	23
	Processing delay in IAB donor (L2 and NGAP)
	N

	24
	Transmission of Initial Context Setup Request
	1

	25
	Processing delay in IAB node4 (L2 and NGAP)
	N

	26
	Transmission of Initial Context Setup Request
	1

	27
	Processing delay in IAB node3 (L2)
	0.5N

	28
	Transmission of Initial Context Setup Request
	1

	29
	Processing delay in IAB node2 (L2)
	0.5N

	30
	Transmission of Initial Context Setup Request
	1

	31
	Processing delay in IAB node1 (NGAP –> Uu)
	N

	32
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1.5

	33
	Processing delay in UE (L2 and RRC)
	N

	
	Total delay
	17+13*N


Similar to LTE, the time of step 20 and 22 are not included in the total delay because they are not included in the latency requirement and are outside the scope of RAN WG2.

Based on the analysis from Table 2, the minimum control plane latency results of various N and M are illustrated in Table 3.
Table 3. Control plane latency results for NR FDD in L3 IAB architecture
	Control plane latency (ms)
	15kHz SCS (N=12)
	30kHz SCS (N=12)
	15kHz SCS (N=4)
	30kHz SCS (N=4)
	15kHz SCS (N=1)
	30kHz SCS (N=1)

	M=2
(2OS mini-slot)
	24.7 
	12.4
	9.9 
	4.9
	4.3 
	2.1 

	M =4
(4OS mini-slot)
	49.4
	24.7
	19.7 
	9.9
	8.6 
	4.3 

	M =14
(14OS slot)
	173 
	86.5 
	69 
	34.5 
	30 
	5.8 


Observation2: UE initial access to L3 IAB in 4-hops scenario can fulfil the control plane latency requirement of NR (with M=2OS mini-slot and 15kHz/30kHz SCS for N=1/4 mini-slots, or M=4OS mini-slot and 30kHz SCS for N=4 mini-slots, or M=4OS mini-slot and 15kHz/30kHz SCS for N=1 mini-slots).

L2 IAB architecture: 

In this architecture, the UE RRC is terminated in IAB donor. 

The C-plane procedure for UE initial access in 4-hops L2 IAB scenario is as follows.  
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Figure 4 C-plane procedure for UE initial access in 4-hops L2 IAB scenario

In this figure, IAB nodes acts as a DU, and transmit UE RRC message to IAB donor via F1 interface. The intermediate IAB nodes along the path just relay the received F1 message transparently, so the processing time on these IAB nodes only includes L1 and L2 processing time. Note that there is no additional latency due to for example IP processing/routing. Also the L2 processing that needs to be done per hop is less than in the case of L3 IAB, due to the absence of PDCP processing at the L2 IAB nodes.
Observation 3: For L2 IAB architecture, the UE RRC is terminated in IAB donor. IAB node1 acts as a DU and encapsulates the UE RRC into the F1AP message. IAB node1 sends the F1AP message to IAB donor via several intermediate IAB nodes. The intermediate IAB nodes between IAB node1 and IAB donor only relay the received F1AP message transparently.

The control plane latency analysis for FDD in L2 IAB architecture is shown in Table 4. 
Table 4 Control plane latency analysis for NR FDD in L2 IAB architecture
	Component
	Description
	Time (# of mini-slot of M OFDM symbols)

	1
	Average delay due to RACH scheduling period 
	0.5

	2
	RACH Preamble
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	N

	6
	Transmission of RRC Connection Request
	1

	7
	
Processing delay in IAB node1 (Uu –> F1AP)
	N

	8
	Transmission of F1AP Initial UL RRC Message 
	1

	9
	Processing delay in the IAB node2 (L2)
	0.5N

	10
	Transmission of F1AP Initial UL RRC Message
	1

	11
	Processing delay in the IAB node3 (L2)
	0.5N

	12
	Transmission of F1AP Initial UL RRC Message
	1

	13
	Processing delay in the IAB node4 (L2)
	0.5N

	14
	Transmission of F1AP Initial UL RRC Message
	1

	15
	Processing delay in the IAB donor (L2 and RRC and F1AP)
	N

	16
	Transmission of F1AP DL RRC Message Transfer
	1

	17
	Processing delay in the IAB node4 (L2)
	0.5N

	18
	Transmission of F1AP DL RRC Message Transfer
	1

	19
	Processing delay in the IAB node3 (L2)
	0.5N

	20
	Transmission of F1AP DL RRC Message Transfer
	1

	21
	Processing delay in the IAB node2 (L2)
	0.5N

	22
	Transmission of F1AP DL RRC Message Transfer
	1

	23
	Processing delay in the IAB node1 (F1AP -> Uu)
	N

	24
	Transmission of RRC Connection Setup (and UL grant)
	1

	25
	Processing delay in the UE (L2 and RRC)
	N

	26
	Transmission of RRC Connection Complete
	1

	27
	Processing delay in IAB node1 (Uu ->F1AP)
	N

	28
	Transmission of F1AP UL RRC Message Transfer
	1

	29
	Processing delay in IAB node2 (L2)
	0.5N

	30
	Transmission of F1AP UL RRC Message Transfer
	1

	31
	Processing delay in IAB node3 (L2)
	0.5N

	32
	Transmission of F1AP UL RRC Message Transfer
	1

	33
	Processing delay in IAB node4 (L2)
	0.5N

	34
	Transmission of F1AP UL RRC Message Transfer
	1

	35
	Processing delay in IAB donor (F1AP ->RRC -> NGAP)
	N

	36
	Transmission of Initial Context Setup Request
	T1

	37
	Processing delay in AMF (including UE context retrieval)
	N

	38
	Transmission of Initial Context Setup Request
	T1

	39
	Processing delay in IAB donor (NGAP -> RRC->F1AP)
	N

	40
	Transmission of F1AP DL RRC Message Transfer
	1

	41
	Processing delay in IAB node4 (L2)
	0.5N

	42
	Transmission of F1AP DL RRC Message Transfer
	1

	43
	Processing delay in IAB node3 (L2)
	0.5N

	44
	Transmission of F1AP DL RRC Message Transfer
	1

	45
	Processing delay in IAB node2 (L2)
	0.5N

	46
	Transmission of F1AP DL RRC Message Transfer
	1

	47
	Processing delay in IAB node1 (F1AP -> Uu)
	N

	48
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1.5

	49
	Processing delay in UE (L2 and RRC)
	N

	
	Total delay
	25+17*N


Based on the analysis from Table 4, the control plane latency results of various N and M are illustrated in Table 5.
Table 3. Control plane latency results for NR FDD in L2 IAB architecture
	Control plane latency (ms)
	15kHz SCS (N=12)
	30kHz SCS (N=12)
	15kHz SCS (N=4)
	30kHz SCS (N=4)
	15kHz SCS (N=1)
	30kHz SCS (N=1)

	M=2
(2OS mini-slot)
	32.7
	16.4
	13.3
	6.6
	6
	3

	M =4
(4OS mini-slot)
	65.4
	32.7
	26.6
	13.3
	12
	6

	M =14
(14OS slot)
	229
	114.5
	93
	46.5
	42
	21


Observation4: UE initial access to L2 IAB in 4-hops scenario can fulfil the control plane latency requirement of NR (with M=2OS mini-slot and 30kHz SCS for N=4 mini-slots, or M=2OS mini-slot and 15kHz/30kHz SCS for N=1/4 mini-slots, or M=4OS mini-slot and 30kHz SCS for N=1 mini-slots).

3 Conclusion and Proposals
In this contribution, we mainly analyse the control plane latency for UE initial access in 4-hops IAB scenario, and have the following observations:
Observation 1: For L3 IAB architecture, IAB node1 terminates UE RRC message and generates NGAP message for UE, and then sends to IAB donor via several intermediate IAB nodes. The intermediate IAB nodes between IAB node1 and IAB donor only relay the received NGAP message transparently.

Observation2: UE initial access to L3 IAB in 4-hops scenario can fulfil the control plane latency requirement of NR (with M=2OS mini-slot and 15kHz/30kHz SCS for N=1/4 mini-slots, or M=4OS mini-slot and 30kHz SCS for N=4 mini-slots, or M=4OS mini-slot and 15kHz/30kHz SCS for N=1 mini-slots).

Observation 3: For L2 IAB architecture, the UE RRC is terminated in IAB donor. IAB node1 acts as a DU and encapsulates the UE RRC into F1AP message. IAB node1 sends the F1AP message to IAB donor via several intermediate IAB nodes. The intermediate IAB nodes between IAB node1 and IAB donor only relay the received F1AP message transparently.

Observation4: UE initial access to L2 IAB in 4-hops scenario can fulfil the control plane latency requirement of NR (with M=2OS mini-slot and 30kHz SCS for N=4 mini-slots, or M=2OS mini-slot and 15kHz/30kHz SCS for N=1/4 mini-slots, or M=4OS mini-slot and 30kHz SCS for N=1 mini-slots).
Reference
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