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1   Introduction
During LTE-A Relay discussion in previous meetings, four alternatives have been agreed as the baseline for further progress [1]. Based on the result of the TR and previous discussion, this document proposes way forward for relay architecture comparison in RAN3, aiming to achieve objective evaluation of relative significance. In the following Section 2.1, the reasonable comparison objects is proposed, Section 2.2 describes the important aspects for architecture objective and effective comparison. Finally, comparison table is provided at appendix part. 
2   Discussion

2.1   Comparison Object

Although it is said that “alternatives 1-3 share the common characteristics of Un interface” [1], it is difficult to compare reasonably between architecture A and B. There are many important characteristics are different among alt1, alt2 and alt3. The key features listed in the architecture A family are always architecture-specific, rather than common features applicable to all 3 architectures. For example, from HO data forwarding efficient side, it is much easier of alt2 to implement the smart data forwarding than alt1 and alt3, since DeNB of alt2 can be aware of per-UE information.  Additionally, from DeNB impact side, the impact of the alt2 and alt3 is much more than that of alt1, since RN S/P-GW is embedded in DeNB with similar Local break out function. Furthermore, alt2 is also different from alt3, due to HeNB GW-like function is integrated in DeNB of alt2. Based on such different functions, there exits different performance among the 3 architectures, such as, Qos guarantee performance, multi-hop overhead load, scalability etc. Finally, we could find Alt 1, 2, 3 has different protocol stack, functions and procedure which are described separately in the current TR. Also, although co-deployment could be possible, if an operator chooses for one reason to deploy Alt 1, then he will get the performance of Alt 1, and not the performance of some other alternative. Hence, it is proposed to employ the comparison objects as alt1/ alt2 /alt3 /alt4 instead of alt A/B. This will produce a better picture. Then from such a comparison it is easy for a reader to make conclusions about architecture A. 
2.2   Comparison Item
As for the Comparison Item, we will collect the important items which can present perspectives of architecture alternatives performance, such as, header compression, handover performance. Besides, other important issues, such as node impact which influence on network deployment are also needed to take into account in architecture comparison.

Item 1:  Node impact 
· This item can indicate what modification on EPC node and what the extent of the modification on EPC node would be introduced by each architecture alternative. This is an important issue during network deployment consideration. Meanwhile, “Impact to legacy network elements shall be minimized (especially the core network)” is a basic requirement agreed in RAN2#66 meeting.
 Item 1.1: MME

Item 1.2: S/P-GW
Item 1.3: DeNB

Item 2:  Specification impact on EPC
· As the same purpose to minimize the legacy network impact. This item focus on the analysis of modification on EPC specification, which also require SA to evaluate and feedback which specification will be impacted.
Item 3:  Specification impact on RAN

· As the same purpose to minimize the legacy network impact. The aim of this item is to study and clarify the modification on RAN specification, which covering S1/X2, RRC, PDCP, RLC and MAC.
Item 3.1: S1/X2
Item 3.2: L3 CP (RRC)
Item 3.3: L2 UP (PDCP, RLC, MAC)
Item 4:  Overhead 

· The protocol header overhead caused by the TNL over the Un interface could directly effect on the QoS guarantee (e.g. Delay budget), routing efficiency, SCTP connection maintain cost and multi-hop support feature. This is also an important issue for network deployment possibility. Furthermore, "Backhauling shall minimize cost per bit" which is mention in the LTEA requirement [9]. In the case of huge overhead, it is necessary to evaluate the Enhanced Header Compression Need and the feasibility of enhanced header compression mechanisms which depend on the complexity and what the extent of impact on current protocol.
Item 4.1 Un CP overhead 

Item 4.2 Un UP overhead 

Item 4.3 Enhanced Header Compressions
Item 5:  Delay 
Item 5.1 CP latency 
· CP latency is a basic evaluation criterion for a system performance, which is the backup of all procedures. It is necessary to study and clarify the delay of architecture alternatives. 
Item 5.2 UP latency 
· From EPS PoV, for a specific QoS required service, low wired network delay give E-UREAN more budget to supply End-to-End QoS guarantee. Firstly the definition of UP latency (NW Delay) should be clarified as the UP transmission delay from P-GW(UE) to DeNB.                                                                  

Item 6:  HO performance 

· As analyzed above, delay problem becomes more stand out under relay condition. And during RAN2#66 meeting, the Requirement of "Similar handover performance to Rel.8 eNB when supporting mobility to/from RN"[10] has been agreed.  Hence, to reduce the unnecessary radio resource consume in the wireless link and guarantee the handover performance, it is better to study the feasibility and complexity of smart forwarding (i.e. to avoid unnecessary back and forth forwarding over Un when UE moving from the RN to a neighboring eNB) of architecture alternatives. 
Item 6.1 Interruption time 
Item 6.2 Smart Data forwarding support 
Item 7:  Qos 
· In R8 EPS, PGW performs APN-AMBR control for per UE per APN and eNB performs UE-AMBR control for per UE. Due to Un is also an air interface, it is better to evaluate whether the UE-AMBR control for the UE accessing via RN can be supported on Un interface.  
· Considering Un interface is air interface, it is better to consider the control guarantee on Un. Control in this item includes admission control, flow-control and smart data forwarding etc. 
Item 7.1 QCI extension 
Item 7.2 Control guarantee on Un
Item 8:  Security

· As for Security issue, it is a hot issue of the network performance. It is important to study clearly especially when a new network node is introduced. This item attempts to clarify the possible options on the Un interface to implement the S1AP/X2AP signalling protection.
Item 9:  Scalability
· Scalability is an important factor of network deployment. If the scalability problem exists, such as, heavy process load, high radio resource consumption especially S1-flex, there will limit the relay network deployment to a great extent.
Item 10:   Multi-hop support
· In RAN2#67meeting, a conclusion had achieved that “Agree that all alternatives in principle support multi-hop RN deployment”. It is better to clarify the multi-hop performance of each architecture for deploy purpose.

Item 10.1 Multi-hop support 

Item 10.2 Overhead 
Item 11:  RN mobility support

· In RAN2#66bis, the following conclusion in [7] has been agreed: “Main focus of the study is on fixed RN. However, selected architecture should not preclude later introduction of mobile RN ” .Based on such RAN2 decision, mobile RN has not been ruled out, therefore, study on RN mobility support feature of architecture alternatives, including the necessary modification or additional functions could not be slid over.
Item 11.1 Mobile Relay support 

Item 11.2 Partial HO support 
Propose: It is proposed to adopt the comparison objects and items as showed in Table1.
Table1: Architectures comparison table
	Comparison Item
	Alt.1
	Alt.2
	Alt.3
	Alt.4

	Node Impact 
	MME impact
	
	
	
	

	
	S/P-GW Impact 
	
	
	
	

	
	DeNB impact
	
	
	
	

	Specification impact on EPC
	
	
	
	

	Specification impact on RAN
	S1/X2
	
	
	
	

	
	L3 CP (RRC)
	
	
	
	

	
	L2 UP (PDCP, RLC, MAC)
	
	
	
	

	Overhead 
	Un CP overhead
	
	
	
	

	
	Un UP  overhead
	
	
	
	

	
	Enhanced Header Compression
(Requirement and Feasibility)
	
	
	
	

	Delay
	CP latency 
	
	
	
	

	
	UP latency
	
	
	
	

	HO performance
	Interruption time
	
	
	
	

	
	Smart Data forwarding support
	
	
	
	

	Qos 
	QCI extension
	
	
	
	

	
	Control guarantee on Un
	
	
	
	

	Security
	
	
	
	

	Scalability
	
	
	
	

	Multi-hop
	Multi-hop support
	
	
	
	

	
	Overhead
	
	
	
	

	RN Mobility Support
	Mobile Relay support
	
	
	
	

	
	Partial HO support
	
	
	
	


2.3   Comparison Analysis
Table 2 shows the comparison result of architecture alternatives based on current discussion. The detail descriptions please refer to [1] [2] [3] [4] [5] [6] [8].
Table2: Architectures comparison table
	Comparison Item
	Alt.1
	Alt.2
	Alt.3
	Alt.4

	Node Impact 

	MME impact
	Impact

(1. Since additional  functionality needed so as to support the new mapping rule: DSCP or enhancing SDF;

2. The load of core network call control signaling will be high for admission control ;)
	Impact

( 1. Such impact depends on LBO introduction 

2. The load of core network call control signaling will be very high for admission control ;   )


	Impact

(1. Since additional  functionality needed so as to support the new mapping rule: DSCP or enhancing SDF ;                    2. The load of core network call control signaling will be very high for admission control ;     )
	No impact

	
	S/P-GW Impact 
	Impact

( 1. Since additional  functionality needed so as to support the new mapping rule: DSCP or enhancing SDF;               2. The load of core network call control signaling will be very high when GBR value for Un GBR bearer needed to be updated )
	Impact 

(Local Breakout functionality implementation) 
	Impact

( Since additional  functionality needed so as to support the new mapping rule: DSCP or enhancing SDF ;

Since Local Breakout functionality implementation)
	No impact

	
	DeNB impact
	Impact

( Additional backhaul physical channel structure configuration  )
	Impact

(1.DeNB is integrated with HeNB GW-like and SGW/PGW functionality
2. Additional backhaul physical channel structure configuration)


	Impact

(1.DeNB is integrated with  SGW/PGW functionality
2. Additional backhaul physical channel structure configuration)


	Impact                      (1.DeNB is integrated with HeNB GW-like functionality
2. Additional backhaul physical channel structure configuration)



	Specification impact on EPC
	Impact
( Due to additional  functionality needed so as to support the new mapping rule: DSCP or enhancing SDF)
	Impact

( Such impact depends on LBO introduction  )


	Impact

( Since additional  functionality needed so as to support the new mapping rule: DSCP or enhancing SDF  )
	No Impact      

	Specification impact on RAN

	S1/X2


	No impact
	No impact
	No impact
	No impact

	
	L3 CP (RRC)


	Impact
( Due to additional  function needed so as to support Un, especially for Inband Relay, such as, backhaul resource notification information )
	Impact
( Due to additional  function needed so as to support Un, especially for Inband Relay, such as, backhaul resource notification information )
	Impact
( Due to additional  function needed so as to support Un, especially for Inband Relay, such as, backhaul resource notification information )
	Impact
( 1.Due to additional  function needed so as to support Un, especially for Inband Relay, such as, backhaul resource notification information

2. S1AP/X2AP over RRC )

	
	L2 UP (PDCP, RLC, MAC)
	Impact                          (1. Depend on the feasibility of  new header compression and what the extent of complexity ;

2. Depend on whether PDCP need extension to do DRB integrity protection is introduced; 
3. Logical channel number need to be extended; )
	Impact                          (1. Depend on the feasibility of  new header compression and what the extent of complexity ;

2. Depend on whether PDCP need extension to do DRB integrity protection is introduced; 
3. Logical channel number need to be extended; )
	Impact                          (1. Depend on the feasibility of  new header compression and what the extent of complexity ;

2. Depend on whether PDCP need extension to do DRB integrity protection is introduced; 
3. Logical channel number need to be extended; )
	Impact 
(In order to identify individual UE bearers on the Un interface a UE identifier needs to be added to one of the PDCP, RLC or MAC protocol layers.)

	Overhead 

	Un CP overhead
	Large
(At least 28 byte)
	Large
(At least 28 byte)
	Large
(At least 28 byte)
	Small 

	
	Un UP  overhead
	Large
(UE GTP-U + UDP + IP) 
	Large 
(UE GTP-U + UDP + IP)
	Large 
(UE GTP-U + UDP + IP)
	Small

	
	Enhanced Header Compression
(Requirement and Feasibility)
	Required;

Whether it is feasible depends on the complexity, efficiency and what the extent of  impact on current protocol
	Required ;

Whether it is feasible depends on the complexity, efficiency and what the extent of  impact on current protocol
	Required ;
Whether it is feasible depends on the complexity, efficiency and what the extent of  impact on current protocol
	No 

	Delay
	CP latency 
	Large
	Medium
	Medium
	Small

	
	UP latency
	Large
	Medium
	Medium
	Medium

	HO performance
	Interruption time
	High latency

(long IT due to long forwarding path without smart data forwarding support)
	Low latency
(Due to implement smart data forwarding)
	Medium latency

(long IT due to long forwarding path without smart data forwarding support)
	Low latency
(Due to implement smart data forwarding)

	
	Smart Data forwarding support 
	Not support
	Possible support
	Not support
	support

	Qos 
	QCI extension 
	Possible

(1. Since UE’s  S1AP/X2AP messages are carried by DRBs ;

2.currently 8 DRBs can not meet the basic 9 QCI classification）
	Possible

(1. Since UE’s  S1AP/X2AP messages are carried by DRBs ;

2.currently 8 DRBs can not meet the basic 9 QCI classification
)
	Possible

(1. Since UE’s  S1AP/X2AP messages are carried by DRBs ;

2.currently 8 DRBs can not meet the basic 9 QCI classification
)
	No need

	
	Control guarantee on Un
	Per RN Bearer

	Per RN Bearer
(Possible Per UE Per Bearer)
	Per RN Bearer
	Per UE Per Bearer, meaning that functions like Admission Control and Preemption and the ARP information element is applicable per UE 

	Security
	Impact

(LTE R8 not support signalling protection over DRB)
	Impact

(LTE R8 not support signalling protection over DRB)
	Impact

(LTE R8 not support signalling protection over DRB)
	No
Impact
(Re-use PDCP security mechanism)

	Scalability
	Scalability issue exits, especially in high density RN scenario

(Since DeNB is full transparent of S1AP)
	No Scalability issue(Since S1AP-proxy in DeNB)
	Scalability issue exits, especially in high density RN scenario

(Since DeNB is full transparent of S1AP)
	No Scalability issue(Since S1AP-proxy in DeNB)

	Multi-hop
	Multi-hop support
	support
	support
	support
	support

	
	Overhead
	Large 

multi(UE GTP-U + UDP + IP) 

	Medium

(UE GTP-U + UDP + IP) "
	Large 

multi(UE GTP-U + UDP + IP)
	No overhead

	RN Mobility Support
	Mobile Relay support
	Support 
	Not support
	Not support
	Support



	
	Partial HO support 
	Not support
	\
	\
	Support


3   Conclusion
Propose: It is proposed to adopt the comparison objects and items as showed in Table1.
Propose: It is proposed to adopt the comparison result as showed in Table2.
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