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1. Introduction

In TR 36.806 v0.1.0 on Relay architectures for E-UTRA (LTE-Advanced) there are 4 alternatives of the relay architecture defined for further study [1]. In order to facilitate the down selection process, some quantitative comparisons through simulations and analysis on the performance and specification impacts should be performed. Latency requirement is one of the important items to evaluate the performance of relay architecture. 

The C-plane protocol stack for Alternative 1/3, 2, and 4 are presented in Figure 1 – Figure 3 [1]. Based on different architecture, latency for each operation should be analyzed and evaluated to compare the advantage and disadvantage of all alternatives. According to the requirement of LTE-A [7], the C-Plane latency takes into account RAN and CN latencies 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. This requirement should be met when the RN is added in the network. 
An annex was included in TR 36.912 [8] for the latency performance of Rel-8. When the RN is added to the network, the network topology is changed and extra delays are introduced. Thus, the annex for the latency performance must be updated to ensure the requirement of LTE-A is met. However, the TR 36.806 v0.1.0 doest not include any section about the performance. This contribution analyzing the latency for Idle to Connected mode on two-hop relaying scenario for all alternatives and proposed adding an annex on the latency performance in TR 36.806. The following are analytical results for comparing the latency performance on all 4 alternatives, which serves as the basis for the text proposal of the annex in TR 36.806. 
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Figure 1. Control plane protocol stack – Alt 1, 3.


[image: image2.emf] 

MME

(serving the UE)

S1-AP

SCTP

IP

L2

L1

Relay

PHY

Donor eNB

(+ ”Home eNB GW

”)

PHY

IP

L2

L1

IP

S1-AP

SCTP

S1-AP

SCTP

PDCP

RLC

MAC

PDCP

RLC

MAC

UE

NAS

PHY

PDCP

RLC

MAC

S1-AP

SCTP

IP

PHY

PDCP

RLC

MAC

NAS

RRC

RRC

MME

(serving the UE)

S1-AP

SCTP

IP

L2

L1

Relay

PHY

Donor eNB

(+ ”Home eNB GW

”)

PHY

IP

L2

L1

IP

S1-AP

SCTP

S1-AP

SCTP

PDCP

RLC

MAC

PDCP

RLC

MAC

UE

NAS

PHY

PDCP

RLC

MAC

S1-AP

SCTP

IP

PHY

PDCP

RLC

MAC

NAS

RRC

RRC


Figure 2. Control plane protocol stack – Alt 2.
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Figure 3. Control plane protocol stack – Alt 4.

In order to perform the analysis, some assumptions are made below:

1) Only two-hop scenario is considered; multi-hop scenario is left for further study.
2) For type-I relay, the RN controls its own cells and it has similar AS layer with DeNB, the computing power of RN is assumed to be the same as DeNB’s. In general, network node in the CN may have more computing power than DeNB. However, the node in CN has to serve larger amount of traffic than DeNB. Therefore, the processing delay for each node is assumed to be 3 ms in the analysis except special definition [3][4].
3) In [2], the transfer delay for S1-MME message in the backhaul link is assumed to be from 2 to 15 ms. Therefore, in this contribution, we assume that the transfer delay for S1-MME and S11-C message in the backhaul link is 2 ms (i.e. the “best case” in following estimated latency tables) - 15 ms (i.e. the “worst case” in following estimated latency tables). 
4) The MBSFN subframe configuration supporting type-I relay also introduces extra UL/DL scheduling delays at the Un interface [6]. 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 RN 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 Un interface is 8 ms [5]. It results in an average waiting time of 4 ms for uplink scheduling delay and downlink scheduling delay of RN.
5) In order to compare the performance of all alternatives, it is assumed that Uu interface is created after the update of Un is completed in all alternatives. Optimizations for each alternative are left for further study after next level details of operating procedures are disclosed.
6) There is a note in section 16.2.1 in 36.912 saying that 'since the NAS setup portion is executed in parallel to the RRC one thanks to the combined request, it does not appear in the total (assuming that that the total delay of steps 11-14  is shorter than or equal to the total delay of steps 7-10…)'. But in relay system it's obvious that the total delay of steps 11-14 (CN latency) will be longer than the total delay of steps 7-10 (latency over Uu and Un) due to the multi-hop transmission for NAS message. So, we count the CN latency, which includes S1-MME transfer delay, MME processing delay and P-GW/S-GW(RN) processing delay if applicable, in when comparing the total latency to the LTE-A requirements.

7) After analyzing the transition from the Idle to the Connected mode, Alternative 2, 3 and 4 have identical C-plane activation procedure with combined signalling, whereas Alternative 1 requires extra procedures involving P-GW/S-GW(RN). Therefore, Alternative 2, 3 and 4 are grouped in Group Y and Alternative 1 is Group X.
· Group X – Alternative 1
· Group Y – Alternative 2, 3 and 4
2. Analysis of latency for Idle to Connected mode transition
  Three approaches are presented in [3] to reduce latency for Idle to Connected mode transition. The first approach is to reduce the number of hand-shakes by combining RRC Connection Request and NAS Service Request. The second approach is to reduce the 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 [3]. The third approach is to reduce processing delays in different nodes. In [4], which extended the analysis done in [3] to the type-I relay network, the analysis for transition time from the Idle to the Connected mode in two-hop type-I relay scenario is presented. 

Based on [4], the C-plane activation procedure and estimated latency components for Group X (Alternative 1) is shown in Figure 4 and Table A, respectively. In Table A, two scenarios are analyzed. The best case for the S1-MME transfer latency is considered in the first scenario, while the worst case for the S1-MME transfer latency is considered as the second scenario. Note that the CN latency is taken into account in both scenarios. The total latency of the best case scenario and of the worst case scenario is 85 ms and 137 ms, respectively. Thus, both of them exceed the requirement of LTE-A [7] (i.e. 50ms).
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Figure 4. C-plane activation procedure with combined signalling via Group X relay (Alternative 1).

Table A Estimated latency components for Idle to Connected mode via Group X relay (Alternative 1)
	Component
	Description
	Best  Case for S1-MME transfer latency
	Worst Case for S1-MME transfer latency

	1
	Average delay due to RACH scheduling period
	2.5
	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)
	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 RN (L2 and RRC)
	3
	3

	7a
	Delay for DL Scheduling Period
	4
	4

	7b
	Delay for UL Scheduling Period ( in parallel with 7a, may be ignored)
	Ignore
	Ignore

	8
	Transmission of RRC Connection Setup (and UL grant) ( it is in parallel with 11-21, may be ignored)
	Ignore
	Ignore

	9
	Processing delay in the UE (L2 and RRC) ( it is in parallel with 11-21, may be ignored)
	Ignore
	Ignore

	10
	Transmission of RRC Connection Set-up complete (including NAS Service Request) ( it is in parallel with 11-21, may be ignored)
	Ignore
	Ignore

	11
	Transmission of S1AP message over Un interface 
	1
	1

	12
	Processing delay in DeNB 
	3
	3

	13
	S1-MME Transfer delay 
	2
	15

	14
	Processing delay in S-GW/P-GW(RN) 
	3
	3

	15
	S1-MME Transfer delay 
	2
	15

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

	17
	S1-MME Transfer delay
	2
	15

	18
	Processing delay in S-GW/P-GW(RN)
	3
	3

	19
	S1-MME Transfer delay 
	2
	15

	20a
	Processing delay in DeNB
	3
	3

	20b
	Delay for DL Scheduling Period
	4
	4

	21
	Transmission of S1AP message over Un interface
	1
	1

	22a
	Processing delay in DeNB (S1-MME –> Uu)
	3
	3

	22b
	Delay for DL Scheduling Period
	4
	4

	23
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1.5
	1.5

	24
	Processing delay in UE (L2 and RRC) 
	15
	15

	 
	Total latency [ms]
	85
	137


The C-plane activation procedure and estimated latency components for Group Y relays (Alternative 2, 3 and 4) is shown in Figure 5 and Table B, respectively. Similar to Table A, two scenarios are analyzed in Table B. The total estimated latency of the best case scenario and of the worst case scenario is 75 ms and 101 ms, respectively. Although the latency for Group Y (Alternative 2, 3 and 4) are smaller than the corresponding latency of Group X (Alternative 1), it still exceeds the requirement of LTE-A (i.e. 50ms). That is, the latency for Alternative 1 is 13%~36% more than that of Alternative 2, 3 and 4. 
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Figure 5. C-plane activation procedure with combined signalling via Group Y relays 
(Alternative 2, 3 and 4)
Table B Estimated latency components for Idle to Connected mode via Group Y relays (Alternative 2, 3, and 4)
	Component
	Description
	Best  Case for S1-MME transfer latency
	Worst Case for S1-MME transfer latency

	1
	Average delay due to RACH scheduling period
	2.5
	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)
	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 RN (L2 and RRC)
	3
	3

	7a
	Delay for DL Scheduling Period
	4
	4

	7b
	Delay for UL Scheduling Period ( in parallel with 7a, may be ignored)
	Ignore
	Ignore

	8
	Transmission of RRC Connection Setup (and UL grant) ( it is in parallel with 11-17, may be ignored)
	Ignore
	Ignore

	9
	Processing delay in the UE (L2 and RRC) ( it is in parallel with 11-17, may be ignored)
	Ignore
	Ignore

	10
	Transmission of RRC Connection Set-up complete (including NAS Service Request) ( it is in parallel with 11-17, may be ignored)
	Ignore
	Ignore

	11
	Transmission of S1AP message over Un interface 
	1
	1

	12
	Processing delay in DeNB
	3
	3

	13
	S1-MME Transfer delay 
	2
	15

	14
	MME Processing Delay (including UE context retrieval of 10ms)
	15
	15

	15
	S1-MME Transfer delay 
	2
	15

	16a
	Processing delay in DeNB 
	3
	3

	16b
	Delay for DL Scheduling Period
	4
	4

	17
	Transmission of S1AP message over Un interface
	1
	1

	18a
	Processing delay in DeNB (S1-MME –> Uu)
	3
	3

	18b
	Delay for DL Scheduling Period
	4
	4

	19
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1.5
	1.5

	20
	Processing delay in UE (L2 and RRC) 
	15
	15

	 
	Total latency [ms]
	75
	101


3. Conclusions

In this contribution, latency analysis for Idle to Connected mode four alternative relay architectures in two-hop scenario is presented. For C-plane Idle to Connected mode latency, all alternatives exceed LTE-A performance requirement. However, the actual latency for Group X (Alternative 1) is 13%~36% more than that of Group Y (Alternative 2, 3 and 4). That is, the latency performance could be effectively reduced by integrating S-GW/P-GW(RN) into DeNB (Alternative 2 and 3) or eliminating S-GW/P-GW(RN) from the relay architecture (Alternative 4). It is also expecting that Group X (Alternative 1) would have worst latency performance for the multi-hop scenario comparing with Group Y (Alternative 2, 3 and 4) because of extra S-GW/P-GW(RN) involvements in the activation procedure.

Proposal: Add an annex of the performance in TR 36.806 and adopt latency analytical results in this contribution as the basis for the text proposal.
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