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1   Introduction
During LTE-A Relay discussion in RAN3#65 meeting, four alternatives have been agreed as the baseline for further progress [1], and we got an agreement “S1-AP terminated in the RN, and it doesn’t preclude termination of S1-AP in DeNB”, under this agreement, 4 kinds of S1-MME termination alternatives are shown below:

· Alt 1: S1-MME purely terminated in the RN, S1-AP over SCTP/IP
· DeNB does not interpret any of the S1-AP messages passing through it
· UE’s NAS and S1-AP messages are carried by DRB over the Un interface
· S1-AP carried by SCTP/IP layer

· Alt 2: S1-MME terminated in both RN and DeNB, S1-AP over SCTP/IP
· DeNB will interpret the S1-AP message passing through it

· UE’s NAS and S1-AP messages are carried by DRB over the Un interface
· S1-AP carried by SCTP/IP layer

· Alt 3: S1-MME purely terminated in the RN, S1-AP over SCTP/IP
· Similar with Alt1, SGW/PGW(RN) located in DeNB

· Alt 4: S1-MME terminated in both RN and DeNB, S1-AP over RRC
· DeNB will interpret the S1-AP message passing through it

· UE’s NAS and S1-AP messages are carried by SRB over the Un interface
· S1-AP carried by RRC layer

In this contribution, we analyses the pros and cons of the 4 Alts of S1-MME termination.
2   Discussion

In order to get a whole picture of S1-MME termination, several key factors will be discussed in this section, including signalling transmission delay,  necessity of TNL over Un, Qos affect, Security affect and Scalability, etc.
2.1   Signalling transmission delay
According to the requirement of LTE-A, we see stricter signalling latency than traditional LTE system, unfortunately in Relay scenario, extra delay is introduced due to the introduce of the RN at UE-to-RN-to-DeNB link, the MBSFN subframe configuration mechanism also increases Un UL/DL scheduling delay, therefore we should take more care of delay issue under relay condition.

In Alt1 and Alt3, UE-associated signaling experience the whole path: UE<-->RN<-->DeNB<-->SGW/PGW(RN) <-->MME(UE), which will lead increase the latency significantly, e.g. the total latency maybe far excess 50ms.

In Alt3, a lower latency is foreseen due to the saving on the path delay between DeNB and SGW/PGW(RN), which has the similar latency with Alt2.
While in Alt4, besides the saving on the path delay between the DeNB and SGW/PGW(RN), a shorter Un interface latency is also expected since the UE-associated signallings are carried as Signal Radio Bearer(SRBs) on the Un interface. 
Therefore, it is sure the Alt1 is hardly to meet the LTE-A requirement on latency, and the Alt2/3 maybe have some optimization possibility, while the Alt4 could provide the optimal performance from the delay point of view. 

Conclusion 1: From the Signalling transmission delay point of view, Alt4 could provide the optimal performance and Alt1 experiences the worst performance.
2.2   QoS effect
In ‎[5], for Alt 1 and Alt 3 it is proposed that the signaling messages go via the DeNB and the SGW/PGW of the RN, which are acting as user plane transport nodes from the signaling traffic point of view. This means that the S1 signaling messages sent between the RN and MME(UE) are mapped on user plane EPS bearers of the RN. The S1 interface and the signaling connections are spanning through the DeNB transparently. And for Alt2, the S1-AP messages encapsulated by SCTP/IP are transferred over an EPS data bearer of the RN where the PGW functionality for the RN’s EPS bearers is incorporated into the DeNB (as local breakout functionality for HeNB-s).
So for Alt 1, Alt 2 and Alt 3, UE’s NAS and S1-AP messages are carried by DRBs over the Un interface.  That is to say in the Un interface DRBs are not only used for the transmission of data, but also used for the transmission of S1-AP message of RN-UEs, which may include NAS messages sent to/from MME of UEs. 
Since the Un interface is a wireless interface, how to guarantee the transmission quality, service availability and transmission reliability for the signalling transfer over DRBs is important.

From the point of QoS, since each Service Data Flow (SDF) is associated with one and only one QoS Class Identifier (QCI), the DRBs which are used for the transmission signalling messages also have one QCI. Since the signalling normally has higher priority than the data services and requires lower Packet Error Loss Rate and less delay, is the current QCI sufficient for the reliability of signalling transmission in the Un interface? In current QCI characteristics of Res-8, Priority level 1(i.e. it has the highest priority among all current services) is associated with Resource Type of Non-GRB, PDB=100ms and PELR=10-6‎[6], is this PDB sufficient for the reliability of signalling transmission in Un interface? 

Assuming FDD frame structure, Table 1 provides a timing analysis for the transmission of one message between RN which acts as an UE and EPC side. 
Table 1: C-plane latency analysis 
	Component
	Description
	Average [ms]

	1
	Processing delay in the RN(L2 and RRC)*
	4‎[7]

	2
	One signaling message transmission
	1

	3
	Processing delay in eNB (Un->S1-C)
	4‎[7]

	4
	S1-C Transfer delay**
	15

	
	Total delay [ms]
	23

	*NOTE 1: The Processing delay in RN is same as eNB.
**NOTE 2:  In ‎[7], it proposes the S1-C delay which is the transfer delay between eNB and MME is 2ms-15 ms. So that we assume that the S1-C Transfer delay is ranged from 2ms to 15ms and the specific value is 15ms for the calculation. 
=>The total delay of signalling transmission is 23ms.


From above, signalling delay between the RN which acts as an UE for DeNB and the EPC side is less than 100ms comparing the user data delay between the UE and EPC side which is noted PDB. In another word, the maximum total delay for signalling transmission is less than the QCI requirement for DRB transmission 

Secondly, the Resource Type determines if dedicated network resources related to a service or bearer level Guaranteed Bit Rate (GBR) value are permanently allocated (e.g. by an admission control function in a radio base station)‎[6]. If it is non-GBR, it can not guarantee the bite rate to this bearer where the DRBs are used for signalling transmission, so that it may not guarantee the signalling transmission availability.

Thirdly, signalling is normally prior to user data (DRBs). When the DRBs which are used for signalling transmission and the one for user data transmission have the same QCI characteristics, especially in case of radio congestion, the DRBs used for signalling transmission may not be successfully delivered within the delay restriction. That will affect the signalling transmission quality and service availability.

Conclusion 2: From QoS point of view, the current QCI characteristics are not sufficient for the signaling transmission over DRBs in the Un interface in Alt1, 2, 3.
2.3   Necessity of TNL over Un
2.3.1   Services Expected from Signalling transport
According to section 6 in ‎[3], Signalling Transport shall provide two services: 
-
In sequence delivery of S1-AP messages.

-
S1-AP shall be notified if the signalling connection breaks.
Comparing to Alt 1/2/3 where UE S1-AP messages are sent over Un DRB, Un SRB is used in Alt 4 to carry S1-AP signallings with additional integrity protection provision. Besides, SRB may have higher priority than DRB in the scheduling, resource allocation, and provide better QoS e.g. shorter delay than DRB.
In the Un interface, current RLC mechanisms for SRB can be used to guarantee the in-sequence delivery, and RRC is also a connection-oriented protocol which is in charge of SRB management and detect/recovery from radio link failure. Therefore other additional transport layers like SCTP are not only redundant for signaling transmission over Un, but will also cause some unnecessary overheads.
More specifically, according to Section 4.1 of ‎[4], that S1 signalling bearer provides the following functions. Our analysis can be seen after the items respectively:

-
Provision of reliable transfer of S1-AP message

HARQ/ARQ provided by MAC/RLC layers can well support the reliable and in-sequence signalling transmission without duplicates. So SCTP/IP that has the same role is not needed over Un.

-
Provision of networking and routing function

Firstly, TREE topology is applied in the air interface (only one Hop in current assumption), and S1-AP messages from EPC can be sent to SRB(s) over Un that implicitly associate to the proper RN by DeNB.  Therefore there is no need of TNL for routing issues. 

-
Provision of redundancy in the signalling network

TREE topology is applied in the air interface, so it is not needed for this function over Un.
-
Support of load sharing (FFS)

TREE topology is applied in the air interface and only one Hop in current assumption, so it is not needed for this function over Un.
-
Support of dynamic S1-MME configuration (FFS)

When Relay acts as a cell under DeNB, from MME PoV (Alt 4), S1 terminates at DeNB and S1-MME dynamic configuration can reuse the functions in DeNB.

-
Support for flow control and overload protection

When S1 terminates at DeNB, from MME PoV (Alt 4), flow control and overload protection in S1 bearer can reuse the current mechanisms. In Un interface, the flow control and overload protection can be achieved by RRM functions resident in RN/DeNB, e.g. DeNB and RN can control the traffic flow by scheduling the corresponding radio bearers in AS. 
-
Chunk building

RLC could provide concatenation, segmentation and reassembly function. 

-
Packet validation

RRC signalling integrity protection function could provide.

-
Heart-beat mechanism provided by SCTP


RRC is a connection-oriented protocol which is in charge of SRB management and detect/recovery from radio link failure.
2.3.2   Overhead

If TNL is introduced in CP, since SCTP is a reliable transport protocol, some additional overhead is needed to ensure the payload data is transmitted in sequence and without loss. Considering one SCTP packet shall include SCTP common header (12 BYTE) and SCTP data chunk header (16 BYTE) in every transmission packet, and SACK chunk (at least 16 BYTE) in some transmission packets, it will bring considerable header cost over Un (at lease 28 BYTE). Proponents of Alt 1, 2, 3 do not envision any header compression for S1-MME or X2-C, see also ref [8]. Note that also for Alt 4, the multiplexing over Un is proposed to be extended, e.g. by an increased LCID, expected to be extended by 1-2 octets.  
Furthermore, in general, the size of S1-AP message is usually not very big, e.g., LOCATION REPORT (only 28 BYTE), so the transmission efficiency is considerably decreased with overhead of the SCTP/IP layers. 
To maintain the heart-beat mechanism for the SCTP connection also requires periodic signaling overhead being transmitted over the Un interface. This overhead becomes significant when a large number of SCTP connections need to be maintained, such as in the cases of Alt 1 and Alt 3, which is further articulated in Section 2.5 Scalability.
Conclusion 3: There is no need to have TNL in Un for control plane transport.

Conclusion 4: We can see further benefits of directly sending S1-AP signallings over Un SRB as:
1) overhead reducing. 2) Signalling integrity protection provision. 3) Better QoS provision.
2.4   Security effect 

AS security comprises of the integrity protection of RRC signalling (SRBs) as well as the ciphering of RRC signalling (SRBs) and user data (DRBs).Once security is activated, all RRC messages on SRB1 and SRB2, including those containing NAS or non-3GPP messages, are integrity protected and ciphered by PDCP. NAS independently applies integrity protection and ciphering to the NAS messages. ‎[7]
For the AS security point, SRBs need the integrity protection and the ciphering. But user data (DRBs) only need the ciphering function. In Rel-8 the integrity protection is necessary for the signalling because signalling shall not be tampered by attacker, if the signalling is tampered, the receiver can not receive the right indication and security information, and the signalling connection must be re-established due to the integrity verification failure, to guarantee the “absolute” security.
The Un interface is a wireless interface, for Alt 1, Alt 2 and Alt 3 UE’s NAS and S1-AP messages are carried by DRBs in Un interface, so that it just have the signalling ciphering function without integrity protection function, under this condition, the signalling will be more easily attacked. 
Conclusion 5: From security point of view, it may lead to the security problems that the signaling messages are transmitted over the DRBs without the integrity protection in the Un interface in Alt1, 2, 3.
2.5   Scalability
In Alt1 and Alt3, each Relay-Node (RN) needs to setup one separate S1 interface towards each MME belonging to a MME pool to which UEs attach ‎[2].(A similar requirement would apply to the X2 interface as well.). It means the RN has to maintain a great number of S1 interfaces towards all the MMEs in the MME pool, and corresponding each MME has to maintain additional S1interface towards each RN as well as each DeNB. Considering each S1 interface crosses the Un interface, i.e. each S1-AP message(including the non UE-associated interface management message) is carried via the Un interface like the user data,  plenty of  S1 interfaces will obviously lead to a high radio resource consumption on the Un interface in both the RN and DeNB, and lead to a heavy process load on the interface management in each MME. This scalability issue will be exacerbated significantly when high density of RNs are deployed which scenario is actually agreed in the RAN2 #66bis meeting.  

In Alt2, the problem is solved by introducing a HeNB like functionality in the DeNB, and therein a RN needs to set up only one S1 interfaces with its DeNB. The S1 interface established between the DeNB and MME/eNB will act as the proxy for the S1 interface of all the RNs under the DeNB ‎[2]. By this way, the RN is looked as the cell(s) of the DeNB from the MME/eNB point of view; therefore no scalability problem will happen, even in the high density scenarios.

Similar to Alt2, a RN under Alt 4 also can be regarded as the cell(s) of its DeNB and therefore no scalability problem will occur. The difference is that a limit extension is needed for the current RRC specification in Alt4 to absorb the necessary S1-AP functions required for the Un interface. 
Conclusion 6: Alt2 and Alt4 can avoid the scalability issue while Alt1 and Alt3 can not.
3   Summary

According to the analyses in section2, we can get the summarized comparison table below:
	
	Alt1
	Alt2
	Alt3
	Alt4

	Signalling transmission delay
	Largest latency due to routing via the P/S-GW of the RN
	Smaller latency than Alt1, depends on the processing capability of DeNB integrated with HeNB GW-like functionality 
	Smaller latency than Alt1, depends on the processing capability of DeNB integrated with SGW/PGW functionality 
	Smallest latency, same path delay with Alt2&3, more efficient Un interface signalling transmission (carried by SRB) 

	Qos effect
	Since UE’s NAS and S1-AP messages are carried by DRBs over the Un interface, the current QCI characteristics are not sufficient for the signalling transmission over DRBs in the Un interface.
	Since UE’s NAS and S1-AP messages are carried by SRBs, then there is no effect to current protocol

	TNL overhead over Un
	At lease 28 BYTE
	At lease 28 BYTE
	　At lease 28 BYTE
	　2 BYTES overhead

	Security effect
	Since UE’s NAS and S1-AP messages are carried by DRBs over the Un interface without the integrity protection, It may lead to the security problems in the Un interface.
	Since UE’s NAS and S1-AP messages are carried by SRBs, then there is no effect to current protocol

	Scalability
	Scalability issue exists, especially  in high density RN scenario
	No scalability issue
	Scalability issue exists, especially  in high density RN scenario
	　No scalability issue


As shown in this table, it’s easy to see the benefit of S1-AP terminated in both Relay and DeNB, the benefit of carrying S1AP messages by SRB, and the un-necessity of having TNL layer, the following proposal are brought up:
Proposal 1: S1-AP terminated in both RN and DeNB;
Proposal 2: S1-AP message should be carried by SRB over the Un interface;
Proposal 3: TNL is not needed over the Un interface.

4   Conclusion
In this contribution, we analyses the pros and cons of the 4 kinds of S1-MME termination alternatives, and our conclusions are:
Conclusion 1: From the Signalling transmission delay point of view, Alt4 could provide the optimal performance and Alt1 experiences the worst performance.
Conclusion 2: From QoS point of view, the current QCI characteristics are not sufficient for the signaling transmission over DRBs in the Un interface in Alt1, 2, 3.
Conclusion 3: There is no need to have TNL in Un for control plane transport.

Conclusion 4: We can see further benefits of directly sending S1-AP signallings over Un SRB as:
1) overhead reducing. 2) Signalling integrity protection provision. 3) Better QoS provision.
Conclusion 5: From security point of view, it may lead to the security problems that signaling transmission over DRBs without the integrity protection in the Un interface in Alt1, 2, 3.
Conclusion 6: Alt2 and Alt4 can avoid the scalability issue while Alt1 and Alt3 can not.
According to these conclusions and the summarized comparison table, we get following proposals:
Proposal 1: S1-AP terminated in both RN and DeNB;

Proposal 2: S1-AP message should be carried by SRB over the Un Interface;

Proposal 3: TNL is not needed over the Un interface.
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