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1 Introduction
One of the main focus on LTE-Advanced study item is relaying, where the relay node is wirelessly connected to radio-access network via a donor cell. As specified in TR 36.814 [4], at least “Type 1” relay nodes are part of LTE-Advanced. A “type 1” relay node is an inband relaying node, each of which appears to a UE as a separate cell. Extra delay is introduced due to the use of the relay node. The MBSFN subframe configuration supporting “type 1” relay also introduces extra UL/DL scheduling delays at Relay-to-eNodeB link. 

If the full RRC protocol is located in the eNB, the NAS message together with the RRC message would be processed in the eNB. The eNB would directly transmit the NAS message over S1 to MME.
If the full RRC protocol is located in the relay node, the NAS message together with the RRC message would be processed in the relay node. The relay node is also responsible for transmitting the NAS message over S1 to the MME via eNB. The S1 message transmitted over radio link between the relay node and the eNB would increase the total S1-C transfer delay.
This contribution discusses the latency performance of “type 1” relay based on the assumptions made in [1]. The impact of the relay node to the overall control plane setup delay is studied. Both cases that the full RRC protocol located in the relay node and in the eNB are investigated. In this contribution, we focus on the control plane setup delay from the Idle mode to the Connected mode for the one-hop scenario. The multi-hop scenarios, the control plane latency from dormant to active sub-state, and the user plane latency are left for further study.
2 Control Plane Latency: Idle mode to Connected mode
In [1], Ericsson presented the analytical results of the control plane lantency and user plane lantency for LTE-Advanced. For the control plane latency, they concluded in [1] that 

· The target for transition time from Idle mode (with IP address allocated) to Connected mode is less than 50 ms including the establishment of the user plane (excluding the S1 transfer delay).
· The target for the transition from a “dormant state” in Connected Mode (i.e. DRX sub-state in Connected Mode in E-UTRAN) is less than 10 ms (excluding the DRX delay).
Possible approaches for reducing Rel-8 control plane setup delay were discussed in [1] and [2]. Figure A and Table A show the Rel-8 control plane setup sequence and delay components, respectively, based on the assumption made in [1] and [2]. Three approaches were presented in [2] to reach a tightened performance requirement. The first approach is to reduce the number of handshakes by combining RRC Connection Request and NAS Service Request. The control plane setup sequence with the combined signalling and the delay components are shown in Figure B and Table B, respectively. The second approach is to reduce RACH scheduling period. However, reducing the RACH cycle comes with a capacity loss. A more sensible RACH cycle could be e.g. 5 ms, resulting in an average waiting time of 2.5 ms [2]. The third approach is to reduce processing delays in different nodes. An example of reduced delays resulting from the abovementioned approaches is summarized in [2]. Ericsson showed that the 50 ms target may be achieved by adopting the three approaches. As noted in [2], delay components 11 to 14 in Table 1 in [2] are not included in the sum of total delay because the S1 transfer delays are not included in the requirement.

With the newly introduced “type 1” relay node in LTE-A, UEs send the RRC Connection Request message to the relay node. The overall control plane setup delay is increased due to relaying. Therefore, the delay analysis needs to be modified. In [3], a list of possible options in implementing L2 and L3 relays were presented. In these options, the RRC protocol is either located in the eNB, in the relay node, or in both eNB and relay nodes. Different implementation options result in different control plane setup delays. In this contribution, we will study the impact of the relay node to the overall control plane setup delay. We consider the cases that the full RRC protocol is located in either the eNB or the relay node. In both case, the use of relay node results in extra processing delays in the relay node and most importantly, the uplink/downlink (UL/DL) scheduling delay in both eNB and the relay node.
If the full RRC protocol is located in the relay node, the relay node is responsible for processing the NAS Service Request message together with the RRC Connection Request message. The relay node is also responsible for transmitting the NAS Service Request over S1 to the MME via eNB. A possible C-plane activation procedure with combined signalling and its delay components are shown in Figure C and Table C, respectively.

If the full RRC protocol is located in the eNB, the relay node should forward the NAS Service Request message together with the RRC Connection Request message to eNB for processing. In this case, eNB is responsible for transmitting the NAS Service Request over S1 to the MME. A possible C-plane activation procedure with combined signalling and its delay components are shown in Figure D and Table D, respectively.
The average delay due to RACH uplink scheduling, the processing delay, the UL scheduling delay, and the DL scheduling delay are denoted as T_R, T_P, T_U, and T_D, respectively. It can be found in Table C that the control plane setup delay is equal to (47.5+T_R+2*T_D) if the full RRC protocol is located in the relay node. However, as listed in Table D, the control plane setup delay is significantly increased to (51.5+T_R+4*T_P+2*T_U+4*T_D) if the full RRC protocol is located in the eNB. Note that T_P depends on the processing power of the relay node. Hence, T_P should be no less than the processing delay achieved in the eNB, which is 3ms as listed in Table 2 in [2]. T_R, T_U, and T_D depend on the scheduling cycle at the Relay-to-eNodeB link.
Due to the relay transmitter causing interference to its own receiver, simultaneous eNodeB-to-relay and relay-to-UE transmissions on the same frequency resource may not be feasible [4]. One possibility to handle the interference problem is to operate the relay such that the relay is not transmitting to terminals when it is supposed to receive data from the donor eNodeB, i.e. to create “gaps” in the relay-to-UE transmission. These “gaps” during which terminals (including Rel-8 terminals) are not supposed to expect any relay transmission can be created by configuring MBSFN subframes. Relay-to-eNodeB transmissions can be facilitated by not allowing any terminal-to-relay transmissions in some subframes [4].
However, as noted in [5], Rel-8 UL is based on synchronous HARQ, where control and data channels occur with 8-subframe separation for FDD. Base on this, the MBSFN subframes where the relay acts as an eNB (to listen to UE) need to have a period of 8ms [5]. In this case, 

· The minimum UL scheduling cycle at the Relay-to-eNodeB link is 8 ms [5]. It results in an average waiting time of 4 ms for T_U and T_D.
· The RACH cycle cannot be less than 8 ms, resulting in an average waiting time of 4 ms for T_R.
Hence, the control plane latency from the Idle mode to the Connected mode cannot meet the 50 ms requirement of LTE-Advanced by utilizing the MBSFN subframe for the relay-to-UE transmission.
According to the requirement of LTE-A [6], the C-Plane latency takes into account RAN and CN latencies (excluding the transfer latency on the S1 interface) in unloaded conditions. The target for transition time from the Idle mode (with an IP address allocated) to the Connected mode is less than 50 ms including the establishment of the user plane (excluding the S1 transfer delay). In [2], the S1 transfer delay between the eNB and the MME is excluded. However, it is not clear that whether the the S1 transfer delay between eNB and the relay node through the wireless link can be ignored in calculating the C-Plane latency.
According to the requirement of IMT-Advanced [7], control plane (C-Plane) latency is typically measured as the transition time from different connection modes, excluding downlink paging delay and wireline network signalling delay. Based on this definition, The C-Plane latency should take into account the wireless network signalling delay (i.e., the S1 transfer delay between the relay node and the eNB through the wireless link).
Proposal: Definition of C-Plane latency [6] needs to be extended to accommodate the relay node.
[image: image1.emf]UE eNode B MME

1. Delay for RACH 

Scheduling Period

2. Rach Preamble

3. Processing 

delay in eNode B

4. TA + Scheduling Grant

5. Processing 

delay in UE

6. RRC Connection Request

7. Processing 

delay in eNode B

14. Connection Request

13. Processing 

delay in MME

14. Connection Set-up

15. Processing 

delay in eNode B

16. Security Mode Command + 

RRC Connection Reconfiguration

17. Processing 

delay in UE 18. Security Mode Complete 

+ RRC Connection 

Reconfiguration Complete

8. RRC Connection Setup

9. Processing 

delay in UE

10. RRC Connection Setup Complete 

+ NAS Service Request

13. Processing 

delay in eNode B

12. Connection Request

11. Processing 

delay in eNode B


Figure A Rel-8 C-plane activation procedure 
(Source: figure 1 in [2])
Table A Estimated delay components
(Source: table 2 in[1])

	Component
	Description
	Low
	Medium
	High

	1
	Average delay due to RACH scheduling period
	5
	5
	5

	2
	RACH Preamble
	1
	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)
	5
	5
	5

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

	6
	Transmission of RRC Connection Request
	25
	1
	1

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

	8
	Transmission of RRC Connection Set-up (and UL grant)
	9
	1
	1

	9
	Processing delay in the UE (L2 and RRC)
	T_UE_1
	T_UE_1
	T_UE_1

	10
	Transmission of RRC Connection Set-up complete (including NAS Service Request)
	41
	1
	1

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

	12
	S1-C Transfer delay
	T_S1
	T_S1
	T_S1

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

	14
	S1-C Transfer delay
	T_S1
	T_S1
	T_S1

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

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	33,5
	1,5
	1,5

	17
	Processing delay in UE (L2 and RRC)
	T_UE_2
	T_UE_2
	T_UE_2

	 
	Total delay
	151.5
	47.5
	47.5
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Figure B C-plane activation procedure with combined signalling 
(Source: figure 2 in [2])
Table B Estimated delay components
(Source: table 1 in [2])
	Component
	Description
	Rel-8

[1]
	Combined initial RRC/NAS
	Reduced delays & RACH period

	1
	Average delay due to RACH scheduling period
	5
	5
	2.5

	2
	RACH Preamble
	1
	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)
	5
	5
	5

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5
	5
	4

	6
	Transmission of RRC Connection Request
	1
	1
	1

	7
	Processing delay in eNB (L2 and RRC)
	4
	4
	3

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

	9
	Processing delay in the UE (L2 and RRC) (T_UE_1=15 in [1])
	15
	15
	12

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

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

	12
	S1-C Transfer delay (In [1], S1 delay of 2 – 15 ms is assumed)
	T_S1
	
	

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

	14
	S1-C Transfer delay(In [1], S1 delay of 2 – 15 ms is assumed)
	T_S1
	
	

	15
	Processing delay in eNB (S1-C –> Uu)
	4
	4
	3

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

	17
	Processing delay in UE (L2 and RRC) (T_UE_1=20 in [1])
	20
	20
	15

	 
	Total delay [ms]
	82.5
	63.5
	50
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Figure C C-plane activation procedure with combined signalling (RRC located at Relay)
Table C Estimated delay components for combined initial RRC/NAS signalling (RRC in relay node)
	Component
	Description
	Reduced delays & RACH period [2]
	RRC located in relay node

	1
	Average delay due to RACH scheduling period
	2.5
	T_R

	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)
	5
	5

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	4
	4

	6
	Transmission of RRC Connection Request
	1
	1

	7
	Processing delay in eNB /Relay(L2 and RRC)
	3
	3

	7a
	Delay for DL Scheduling Period
	N/A
	T_D

	7b
	Delay for UL Scheduling Period ( in parallel with 7a and thus, may be ignored)
	N/A
	Ignore

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

	9
	Processing delay in the UE (L2 and RRC)
	12
	12

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

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

	12
	S1-C Transfer delay 
	Ignore
	Ignore

	12a
	Processing delay in eNB
	N/A
	?

	12b
	S1-C Transfer delay
	N/A
	?

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

	13a
	S1-C Transfer delay
	N/A
	?

	13b
	Processing delay in eNB
	N/A
	?

	13c
	Delay for DL Scheduling Period
	N/A
	?

	14
	S1-C Transfer delay
	Ignore
	Ignore

	15
	Processing delay in eNB (S1-C –> Uu)
	3
	3

	15a
	Delay for DL Scheduling Period
	N/A
	T_D

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1,5
	1,5

	17
	Processing delay in UE (L2 and RRC) 
	15
	15

	 
	Total delay [ms]
	50
	50+
(T_R-2.5)
+2*T_D
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Figure D C-plane activation procedure with combined signalling (RRC located at eNB)
Table D Estimated delay components for combined initial RRC/NAS signalling (RRC in eNB)
	Component
	Description
	Reduced delays & RACH period [2]
	RRC located in eNB

	1
	Average delay due to RACH scheduling period
	2.5
	T_R

	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)
	5
	5

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	4
	4

	6
	Transmission of RRC Connection Request
	1
	1

	6a
	Processing delay in Relay
	N/A
	T_P

	6b
	Delay for UL Scheduling Period
	N/A
	T_U

	6c
	Transmission of RRC Connection Request+NAS Service Request
	N/A
	1

	7
	Processing delay in eNB (L2 and RRC)
	3
	3

	12a
	Delay for DL Scheduling Period
	N/A
	T_D

	12b
	RRC Connection Setup
	N/A
	1

	12c
	Processing Delay in Relay
	N/A
	T_P

	12d
	Delay for DL Scheduling Period
	N/A
	T_D

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

	9
	Processing delay in the UE (L2 and RRC)
	12
	12

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

	10a
	Processing Delay in Relay
	N/A
	T_P

	10b
	Delay for UL Scheduling
	N/A
	T_U

	10c
	RRC Connection Setup Request
	N/A
	1

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

	12
	S1-C Transfer delay 
	Ignore
	Ignore

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

	14
	S1-C Transfer delay
	Ignore
	Ignore

	15
	Processing delay in eNB (S1-C –> Uu)
	3
	3

	15a
	Delay for DL Scheduling Period
	N/A
	T_D

	15b
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	N/A
	1

	15c
	Processing Delay in Relay
	N/A
	T_P

	15d
	Delay for DL Scheduling
	N/A
	T_D

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1,5
	1,5

	17
	Processing delay in UE (L2 and RRC) 
	15
	15

	 
	Total delay [ms]
	50
	50+4+
(T_R-2.5)
+4*T_P
+2*T_U
+4*T_D


3 Conclusions

Based on the analysis in this contribution, we conclude that

1. The control plane latency from the Idle mode to the Connected mode exceeds the 50 ms requirement of LTE-Advanced when utilizing MBSFN subframe for relay-to-UE transmission.
2. Definitions of the C-Plane latency [6] need to be extended to accommodate the relay node.

3. The full RRC protocol is preferrable to be located at the relay node, instead of the eNB, to reduce the control plane setup latency. Contrarily, the latency of transmitting S1 message would be extended. 
4. Due to the limitation of the control plane latency, the hop count for the relay node needs to be limited to a very small number. In this analysis, only the one-hop scenario is considered. Multiple-hop scenarios are for further study.
5. The control plane latency from dormant to active sub-state and the user plane latency are left for further study. In addition, the duration of S1 message for the handover preparation procedure through relay nodes would also be extended and relative timers need to be studied and modified.
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