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1   Introduction 
This contribution develops two sets of criteria, one for comparison between mobile relay solutions, and the other one for comparison between mobile relay over existing solutions.  The intention is to form a baseline for further evaluation work of the mobile relay SI in RAN3. This contribution is based on [1],[2].
2   Criteria for comparison between mobile relay solutions.
Table 1: Mobile relay solutions

	Metric
	Solution 1
	Solution n

	RN Complexity
	
	

	DeNB Complexity
	
	

	 Node Impact
	MME
	
	

	
	S/P-GW
	
	

	
	Other Nodes
	
	

	Deployment


	

	
	

	
	Deployment flexibility
	
	

	
	Scalability with respect to number of RNs 
	
	

	
	Scalability with respect to number number of UEs
	
	

	
	Co-deployment with Rel-10 RN
	
	

	Standardization Effort and Complexity
	
	

	
	
	

	UE mobility
	Complexity
	
	

	
	Efficiency
	
	

	
	Delay
	
	

	QoS 
	Bearer mapping between Un and UE EPS bearer and Number of Un bearers
	
	

	
	QoS Control: UE AMBR;  ARP; QCI; Control plane 
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	S1 issues
	
	

	X2 issues
	
	

	RRC issues
	
	

	Security
	
	

	
	
	

	Support for 2G/3G
	
	

	Support for MR’s mobility
	
	

	Signalling overhead
	
	

	Impact on UE energy consumption
	
	


Matrix Fields interpretation (informative):
RN Complexity:
What is the complexity in specification, design and implementation of the MR? How easy it is to derive such node from existing nodes?

DeNB Complexity:
What is the complexity in specification, design and implementation of the DeNB? How easy it is to derive such node from existing nodes, considering both eNB and Rel-10 DeNB?
Node Impact:
MME: Any upgrades needed in the MME to support MRs, considering MME supporting Rel-10 relay? Can the release 9/release 10 bearer setup, modification and QoS control be enough or major upgrades required?

S/P-GW: Any upgrades needed in the S/P-GW to support MRs? Can the release 9/release 10 S/P-GW be able to support RNs or major upgrades required?

Other Nodes: Is there any impact on other nodes (such as eNBs not supporting RNs), or is there the need of extra nodes?

Deployment:
Implementation impact for early deployment: How easy it is to deploy the alternative given the current Rel9 architecture as a reference starting point?

Deployment flexibility: Is the deployment sub-optimal or is it already optimised to a viable level? Can the deployment be easily optimised?

Scalability (with respect to number of MRs and number of UEs): How does the deployment cope with increasing numbers of supported RNs and UEs (connected to RNs)?

Co-deployment with Rel-10 RN: How easy it is to deploy the alternative given the current Rel-9 architecture as a reference starting point?
Standardization Effort and Complexity: What is the anticipated impact on standardization? Is it easy to standardize the alternative as is, or are simplifications required? Is there any unclear issue that can end up being a showstopper delaying the standardization process? Is the alternative achievable for release 10 or should it be postponed for future releases?


UE mobility:
Complexity: Relaying is expected to work with release 8 UEs, but are there any differences from the UE handover procedures of release 8, from the CN point of view?

Efficiency: Any unnecessary back and forth forwarding?

Delay: What is the total required time for a UE handover? What is the handover interruption time? Does the delay fall within the limits set by release 8 standards?

QoS:
Bearer mapping between Un and UE EPS bearer and Number of Un bearers: Is it straightforward to guarantee the per-bearer QoS over the Un interface? If not, what upgrades have to be made to support it? Do these changes affect CN entities such as MME and P/S-GW?  How flexible the bearer mapping can be (per bearer, per UE, per QoS class, etc…)

Can the release 8 limit of 8 bearers per UE be kept over the Un interface (i.e. 8 Un bearers per RN) or is there a need for more Un bearers? If more bearer are needed what is the impact of such increased number?

QoS Control (UE AMBR; ARP; QCI; Control plane): Can we control the DL AMBR of UEs over the Un interface? Can the ARP of the UE EPS bearers be used during admission over the Un? Are the nine QCIs of release 8 sufficient or there is a need to define new ones? Will it be possible to keep the requirements of the release 8 QCIs as is, or would they have to be redefined taking the extra delay incurred due to relaying?

Can we satisfy the requirements of control plane messages between the RN and MME? Can control plane messages such as S1/X2 be transported over the Un with the required priority within signalling radio bearers? Or do they have to be mapped to DRBs? If so, are the current QCIs capable of satisfying the requirements? How about the impact of head of line blocking if DRBs are used for signalling transport?

RB setup/reconfiguration delay: What is the latency of radio bearer setup and reconfigurations? Does it meet the release 8 requirements?
Flow control: 
Do we require new flow control mechanisms between the RN and DeNB for the different architectures? What kind of flow control mechanisms can be realized in the different architectures (per-bearer, per – UE, per QoS, per RN, etc), and what is the efficiency of each?

S1 issues: 
How is S1AP impacted with respect to the currently available protocol? How efficient is the S1 messaging, especially in the case of high density deployment? Does the RN have to keep S1 links directly with the MME and as such use part of the Un resources for S1 maintenance, such as SCTP keepalive or GTP-U echo messages? If so, what is the impact on overall system utilization as well as the incurred S1 latency?

X2 issues:
How is X2AP impacted with respect to the currently available protocol? How efficient is the X2 messaging, especially in the case of high density deployment? Does the RN have to keep X2 connections with all neighbour RNs at all time, as well as (non-donor) eNBs, or it has to keep only one X2 towards the donor eNB? What is the impact of both cases on the Un resource utilization, i.e. considering the SCTP keepalive and GTP-U echo messages as well as signalling required to enable optimizations such as ICIC where the RN might be required to forward its load information towards all the nodes with which it has X2 connection with?

RRC issues: 
How is RRC impacted with respect to the currently available protocol? How efficient is transport of protocols over RRC? 

Security: 
What is the impact on security? Can we still keep the security requirements of release 8 (ciphering for both SRBs and DRBs and integrity protection for SRBs)? What kind of security mechanisms should be used over the Un of mobile relay?  Does the mechanism defined for Rel-10 RN can be reused?

Support for 2G/3G: 
What is the complexity in specification, design and implementation to support 2G/3G? How easy it is to derive such node from existing nodes?
Support for MR’s mobility: 
What is the complexity in specification, design and implementation of the mobility of the Mobile Relay? How easy it is to derive such node from existing nodes?
Signalling overhead: 
 What is the situation in terms of signalling load during the MRs moving across the DeNBs, together with the handling of UEs under service of MRs?
Impact on UE energy consumption: 
 What is the impact on UEs energy consumption for the UEs under MRs cell when moving with the MRs?
3   Criteria for comparison between mobile relay over existing solutions
Table 2: Mobile relay over existing solutions

	Metric

	Mobile relay
	Existing solutions

	
	
	

	Signalling overhead
	
	

	Latency
	
	

	Multi-RAT support 
	
	

	
	
	

	Penetration loss avoidance
	
	

	Handover success rate
	
	

	Standardization effort and complexity
	
	

	Estimated cost
	
	

	Impact on existing network architecture 
	
	

	Impact on UE energy consumption
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Backhaul link stability
	
	


4   Conclusion and Proposals
It is proposed to consider above criteria for evaluation work of mobile relay SI, and include the metric/definition into the comparison section of the TR.

5   Reference

[1] R3-120609, Criteria for comparison various Mobile Relay solutions, Nokia Siemens Networks
[2] R3-113134,  Mobile relay TR
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