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1   Introduction
In this contribution, we analyze the the latency of UE idle to connected mode transition and HO related procedures under different Relay architectures. As the result we can see that the additional delay of idle to connected transition is introduced in Alt 1 comparing with Alt 2/4.  Besides, UE HO procedures under Alt 2/4 may also have better performance of HO preparation delay and DL interruption time. 
2   Idle to Connected mode delay analysis
In general, the UE control plane latency is defined as the UE EMM state transforming delay from UE ECM-Idle to UE ECM-Connected and the UE attach procedure is used to evaluate such latency in this contribution. 
The starting time of the procedure is regarded as the TTI UE waiting for the latest RACH scheduling occasion. The end time is regard as the TTI after the UE have successfully received RRC reconfiguration message which concatenates NAS Attach Accepted message and the UE NAS state transforms to UE ECM-Connected. 

To simplify the delay analysis among different Relay architectures, it’s reasonable to make the following assumptions in the comparison:

· The PHY configurations of RN in these architectures are all the same;

· The common procedure delay of e.g. RA and RRC connection reconfiguration are all the same among these architectures.

· Process delay and other delay caused by e.g. resource limitation are negligible.

2.1   Alternative 1

The procedure of UE transfers from Idle to Connected mode in Alt 1 is given as following:
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Fig.  AUTONUM  \* Arabic 
UE transfers from Idle to Connected mode in Alt 1

The corresponding delay analysis in each step is given in the following table:
Table. 1
Delay analysis during UE transfer from Idle to Connected mode in Alt 1
	Component
	Description
	delay

	1
	RA and RRC connection setup
	TRA+TRRC _setup

	2
	Attach request
	TUu_RRC +TUn_DRB+TCN+ TIP_forwarding

	3
	Create default bearer
	Tdefault_bearer

	4
	Attach accept
	TUn_DRB+TCN+ TIP_forwarding

	5
	RB setup and security configuration
	TRB_setup

	6
	Attach complete
	TUn_DRB+TCN+ TIP_forwarding

	
	Step 6 and bearer update procedure do not count into over all latency, hence
Total delay = Sum(step1-5) 
	TRA+TRRC _setup+ TUu_RRC +2TUn_DRB+2TCN+ 2TIP_forwarding+ Tdefault_bearer +TRB_setup


Where different timers in the table represent:
-
TRA: the RA procedure delay.

-
TRRC_setup: the RRC connection setup procedure delay.

-
TUu_RRC: the RRC signalling transmission delay over Uu interface;

-
TUn_DRB: the transmission delay over Un DRB.

-
TCN: the transmission delay between eNB and P-GW which further consists of


1)
TS1-U: the transmission delay between eNB and S-GW.


2)
TS11: the transmission delay between S-GW and P-GW.
-
TIP _forwarding: the transmission delay of data forwarding between P-GW (RN) and MME (UE).

-
TDefault_bearer: the procedure delay of default EPS bearer setup in CN.

-
TRB _setup: the RRC connection reconfiguration procedure delay.

2.2   Alternative 2 /4

The procedure of UE transfers from Idle to Connected mode in Alt 2/4 is given as following:
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UE transfers from Idle to Connected mode in Alt 2/4

The corresponding delay analysis in each step is given in the following table:
Table. 2
Delay analysis during UE transfer from Idle to Connected mode in Alt 2/4
	Component
	Description
	delay

	1
	RA and RRC connection setup
	TRA+TRRC _setup

	2
	Attach request
	TUu_RRC +TUn_DRB+TS1-C (Alt 2)
TUu_RRC +TUn_SRB+TS1-C (Alt 4)

	3
	Create default bearer
	Tdefault_bearer

	4
	Attach accept
	TUn_DRB+TS1-C (Alt 2)
TUn_SRB+TS1-C (Alt 4)

	5
	RB setup and security configuration
	TRB_setup

	6
	Attach complete
	TUn_DRB+TS1-C (Alt 2)
TUn_SRB+TS1-C (Alt 4)

	
	Total delay = Sum(step1-5) 
	TRA+TRRC _setup+ TUu_RRC +2TUn_DRB+2TS1-C +Tdefault_bearer +TRB_setup (Alt 2)

TRA+TRRC _setup+ TUu_RRC +2TUn_SRB+2TS1-C +Tdefault_bearer +TRB_setup (Alt 4)



Where different timers in the table represent:
-
TRA: the RA procedure delay.

-
TRRC_setup: the RRC connection setup procedure delay.

-
TUu_RRC: the RRC signalling transmission delay over Uu interface;

-
TUn_DRB: the transmission delay over Un DRB.

-
TUn_SRB: the transmission delay over Un SRB.

-
TDefault_bearer: the procedure delay of default EPS bearer setup in CN.

-
TS1-C: the transmission delay between eNB and MME.

-
TRB _setup: the RRC connection reconfiguration procedure delay.

Note: TS1-C is smaller than TCN in general, and it is assumed that TUn_DRB may approximately equal TUn_SRB in this contribution. 
2.3   Summary
In summary, the over procedure latency of Alt 1/2/4 are listed in the table 3. 

Table. 3
UE transfers from Idle to Connected mode Delay comparation among Alt 1/2/4
	
	Alt 1
	Alt 2
	Alt 4

	Total delay
	TRA+TRRC _setup+ TUu_RRC +2TUn_DRB+Tdefault_bearer +TRB_setup+2TCN+ 2TIP_forwarding
	TRA+TRRC_setup+TUu_RRC +2TUn_DRB+Tdefault_bearer +TRB_setup +2TS1-C
	TRA+TRRC _setup+ TUu_RRC +2TUn_SRB +Tdefault_bearer +TRB_setup+2TS1-C



As shown in the table, the main differences among Alt 1/2/4 are highlighted with red colour. Since (2TS1-C) is obviously smaller than (2TCN+ 2TIP_forwarding), we can make the following conclusion accordingly.

Conclusion 1: in Alt 2/4, the latency is smaller than Alt 1 when UE transfers from Idle to Connected mode. 
3   HO delay analysis
In general, when the UE receives a RRC message implying handover, the UE shall be ready to start the transmission of the new uplink UpPTS or PRACH channel within Dhandover seconds from the end of the last TTI containing the RRC command [1]. Where: Dhandover equals the maximum RRC procedure delay plus the interruption time.
More specifically, the UE HO procedure can be further divided into 3 stages as: 
(a)
HO preparation: in this stage, UE sends measurement report to source node, which will make the decision and negotiate with target node then, and UE will start to attach to target node by receiving the HO command from source node. 
This part is not count into HO delay, since UE is considered as still communicating with source node during this stage. However, the longer HO preparation is, the longer UE may suffer from the deterioration of radio environment due to e.g. fast mobility or shadow fading, which may cause negative experiences to the subscribers. And this delay is also expected to be kept within a bearable limit in order to avoid radio link loss between the UE and eNB, and to avoid impact on capacity [3].
(b)
UE RA to target eNB and data forwarding: after receiving the HO command, UE will RA to the target node, meanwhile source node will forward the buffered DL data to the target node as well. Since UE has to stop the traffic transmission in this stage, this part is defined as interruption time. Then UE will send the HO confirm message to target node when attaching to it. 
(c)
Once target node receives the HO confirm, it will trigger path switch procedure to update the S1-U bearers of UE to the target node, and release the resources in source node.

Note that, in stage (b), RA and data forwarding are carried out in parallel. Besides, due to the possible longer data forwarding delay caused by different Relay architecture during HO, the overall interruption time for UE UL/DL transmission shall be evaluated respectively as well.
-       UL interruption time: once UE successfully sends HO confirm to target node, it can restart the UL transmission then, hence: 
TUL interruption = TRA+THO_confirm+TAck;

Here “THO_confirm” refers to the duration of UE sends the HO confirm message and the target node receives it. While “TAck” is the duration of target node sends the Ack and UE receivers it [3].
-
The composition of DL interruption time is more complicated due to different cases. It generally may depend on the RA, data forwarding delay and even path switch delay. In order to facilitate the HO delay analysis among different Relay architectures, we propose that:

If there are some buffered DL packets sent from the source node, the DL interruption time could be:

            TDL interruption = Min (Max (TRA+THO_confirm, TData_forwarding), TRA+THO_confirm +TPath_switch+ TCN)

else
                                          TDL interruption = TRA+THO_confirm +TPath_switch+TCN

Note: “TData_forwarding” here stands for the transmission delay of first packet forwarded from source node to target node, while “TCN” stands for the transmission delay of first DL packet from P-GW to target node.
To simplify the delay analysis among different Relay architectures, we make the following assumptions in the comparison:

· The PHY configurations of RN in these architectures are all the same;

· The common procedure delay of e.g. RA and RRC connection reconfiguration are all the same among these architectures.

· There are some buffered DL packets sent to target node.
· Process delay and other delay caused by e.g. resource limitation are negligible.
3.1   Alternative 1
A typical UE HO procedure from RN to Donor eNB in Alt 1 is given as following:
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UE X2 HO procedure from RN to DeNB in Alt 1

The corresponding delay analysis in each step is given in the following table:
Table. 4
Delay analysis during X2 HO procedure from RN to DeNB in Alt 1
	
	Component
	Description
	delay

	(a)
	1
	Measurement report
	TUu_RRC

	
	2
	HO request
	TUn_DRB+2TCN

	
	3
	HO request confirm
	TUn_DRB+2TCN

	
	4
	HO command
	TUu_RRC

	
	
	Total delay in this stage
	2TUu_RRC +2TUn_DRB+2TCN

	(b)
	5
	Data forwarding
	TUn_DRB+2TCN  

	
	6
	RA to target eNB
	TRA

	
	7
	HO confirm
	TUu_RRC +TAck

	(c)
	8
	Path switch
	TPS_eNB_initiated

	
	9
	UE context release
	TUn_DRB+2TCN

	
	
	TUL interruption
	TRA +TUu_RRC +TAck

	
	
	TDL interruption
	TUn_DRB+2TCN


Where the different timers in the table represent:
-
TUu_RRC: the RRC signalling transmission delay over Uu interface;

-
TUn_DRB: the transmission delay over Un DRB.

-
TCN: the transmission delay between eNB and P-GW.
-
TRA: the RA procedure delay.

-
TAck: the Ack transmission delay over Uu interface.

-
TPS_eNB_initiated: the delay of path switch procedure triggered by eNB.

3.2   Alternative 2/4
The UE HO procedure from RN to Donor eNB in Alt 2/4 is given as following:
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UE X2 HO procedure from RN to DeNB in Alt 2/4

Similarly, the corresponding delay analysis in each step is given in the following table:
Table. 5
Delay analysis during X2 HO procedure from RN to DeNB in Alt 2/4
	
	Component
	Description
	delay

	(a)
	1
	Measurement report
	TUu_RRC

	
	2
	HO request
	TUn_DRB (Alt 2)/ TUn_SRB (Alt 4)

	
	3
	HO request confirm
	TUn_DRB (Alt 2)/ TUn_SRB (Alt 4)

	
	4
	HO command
	TUu_RRC

	
	
	Total delay in this stage
	2TUu_RRC +2TUn_DRB (Alt 2)
2TUu_RRC +2TUn_SRB (Alt 4)

	(b)
	5
	Data forwarding
	TUn_DRB

	
	6
	RA to target eNB
	TRA

	
	7
	HO confirm
	TUu_RRC +TAck

	(c)
	8
	Path switch
	TPS_eNB_initiated

	
	9
	UE context release
	TUn_DRB (Alt 2)/ TUn_SRB (Alt 4)

	
	
	TUL interruption
	TRA +TUu_RRC+TAck

	
	
	TDL interruption
	TRA +TUu_RRC


Where the different timers in the table represent:
-
TUu_RRC: the RRC signalling transmission delay over Uu interface;

-
TUn_DRB: the transmission delay over Un DRB.

-
TUn_SRB: the transmission delay over Un SRB.
-
TRA: the RA procedure delay.

-
TAck: the Ack transmission delay over Uu interface.

-
TPS_eNB_initiated: the delay of path switch procedure triggered by eNB.

3.3   Summary
In summary, the HO preparation delay and interruption time of Alt 1/2/4 are listed in the table 3. 

Table. 6
HO Delay comparation among Alt 1/2/4
	
	Alt 1
	Alt 2
	Alt 4

	Total delay in HO preparation
	2TUu_RRC +2TUn_DRB+2TCN
	2TUu_RRC +2TUn_DRB
	2TUu_RRC +2TUn_SRB

	TUL interruption
	TRA +TUu_RRC+TAck
	TRA +TUu_RRC+TAck
	TRA +TUu_RRC+TAck

	TDL interruption
	TUn_DRB+2TCN
	TRA +TUu_RRC
	TRA +TUu_RRC



As the result, we can make the following conclusion accordingly.

Conclusion 2: in Alt 2/4, the HO preparation delay and DL interruption time is smaller than Alt 1 when UE HO from RN to DeNB. And the situation is similar in other HO scenarios.
4   Conclusion

In summary, we can draw the following conclusions according to the analysis above:
Conclusion 1: in Alt 2/4, the latency is smaller than Alt 1 when UE transfers from Idle to Connected mode. 
Conclusion 2: in Alt 2/4, the HO preparation delay and DL interruption time is smaller than Alt 1 when UE HO from RN to DeNB. And the situation is similar in other HO scenarios.
According to the conclusion above, the following section is proposed to be added to 36.806. 
-------------------------------------------Text proposal-------------------------------------------

X Latency aspects

x.x UE control plane Latency

In general, the UE control plane latency is defined as the UE EMM state transforming delay from UE ECM-Idle to UE ECM-Connected and the UE attach procedure is used to evaluate such latency in this contribution. The starting time of the procedure is regarded as the TTI UE waiting for the latest RACH scheduling occasion. The end time is regard as the TTI after the UE have successfully received RRC reconfiguration message which concatenates NAS Attach Accepted message and the UE NAS state transforms to UE ECM-Connected. 

x.x.x Alternative 1 (3)
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Figure X.1.1-1
UE transfers from Idle to Connected mode - Alt 1(3)
The specific delay components and corresponding values are listed in the following table.
Table X.1.1-1: Definitions of delay components - Alt 1(3)
	Component
	Description
	Alt1

	1
	Average delay due to RACH scheduling period
	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)
	5

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

	6
	Transmission of RRC Connection Request
	1

	7
	Processing delay in eNB (L2 and RRC)
	4

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

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

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

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

	11.a
	L2 L1 Processing delay in Relay
	1.5

	12
	S1-C Transfer delay on Un
	1

	13
	L2L1 Processing delay in eNode B
	1.5

	13.a
	GTP-U ecapsulation & E-RAB Mapping delay in DeNB
	T_Mapping

	14
	Signalling Transfer delay on GTP-Tunnel from eNB to RN P-GW
	T_CN

	15
	GTP-U de-ecapsulation & IP forwarding delay in P-GW
	T_Mapping

	16
	S1-C Transfer delay on IP-Bearer
	T_IP

	17
	MME Processing Delay (including UE context retrieval of 10ms)
	15

	18
	S1-C Transfer delay on IP-Bearer
	T_IP

	19
	GTP-U ecapsulation & E-RAB Mapping delay in P-GW
	T_Mapping

	20
	S1-C Transfer delay on GTP-Tunnel
	T_S1

	21
	GTP-U de-ecapsulation in DeNB
	T_Mapping

	22
	L2L1 Processing delay in eNode B
	1.5

	23
	S1-C Transfer delay on Un
	1

	24
	L2 L1 Processing delay in Relay
	1.5

	25
	Processing delay in eNB (S1-C –> Uu)
	4

	26
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1,5

	27
	Processing delay in UE (L2 and RRC)
	T_UE_2


According to the table 7 above, we obtain a total delay value of
55.5ms + 2* T_CN + 4* T_Mapping + 2* T_IP+ T_UE_1 + T_UE_2
Assuming T_CN that represents the average one-way transmission delay between PGW and DeNB is 20 ms [2] and T_Mapping delay is 1ms, the final delay value excluding the UE processing and IP bearer transmission between P-GW(RN) and MME(UE) time is
99.5ms +2* T_IP + T_UE_1 + T_UE_2
x.x.x Alternative 2/4
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Figure X.1.2-1
UE transfers from Idle to Connected mode - Alt 2/4
As shown in the figure, the main difference between Alt2 and Alt4 on idle to connected mode transition is the Un radio bearers that signalling sent over, i.e. Un DRB (Alt2) or Un SRB (Alt4). However, the difference of transmission latency between Un DRB and Un SRB is negligible in the calculation.

Table X.1.2-1: Definitions of delay components - Alt 2/4
	Component
	Description
	Alt 2/4

	1
	Average delay due to RACH scheduling period
	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)
	5

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

	6
	Transmission of RRC Connection Request
	1

	7
	Processing delay in eNB (L2 and RRC)
	4

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

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

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

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

	11.a
	L2 L1 Processing delay in Relay  
	1.5

	12
	S1-C Transfer delay on Un
	1

	13
	 L2L1 Processing delay in eNode B  
	1.5

	14
	Replace the UE DeNB S1AP ID with the UE MME S1AP ID.
	T_Switch

	15
	S1-C Transfer delay 
	T_S1

	16
	MME Processing Delay (including UE context retrieval of 10ms)
	15

	17
	S1-C Transfer delay 
	T_S1

	18
	Replace the UE DeNB S1AP ID with the UE RN S1AP ID.
	T_Switch

	19
	 L2L1 Processing delay in eNode B  
	1.5

	20
	S1-C Transfer delay on Un
	1

	21
	L2 L1 Processing delay in Relay
	1.5

	22
	Processing delay in eNB (S1-C –> Uu)
	4

	23
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1,5

	24
	Processing delay in UE (L2 and RRC)
	T_UE_2


According to the table 8 above, we obtain a total delay value of
55.5ms + 2* T_S1 + 2* T_Switch+ T_UE_1 + T_UE_2
We assume S1 delay range is of 2 - 15 ms [4] and T_Switch delay is 1ms, the final delay value range excluding the UE processing times is
[61.5ms - 87.5ms] + T_UE_1 + T_UE_2
-------------------------------------------Text proposal-------------------------------------------
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