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1. Introduction
In RAN3#68 several companies have raised issues regarding routing and neighbour discovery in the context of RN deployment [1] [2] [3]. 

In fact, the RN S1/X2 proxy located in DeNB complicates the routing between RNs and the neighbouring eNBs, Moreover a good choice of a signalling routing should be future proof as much as possible, i.e. it should necessitate minimum variations to support the future scenarios involving relays that are already foreseen for the near future. 

This contribution compares 4 different signalling routing options for RNs from the perspective of current RNs assumptions and future RN scenarios. 

It is shown that routing signalling issues needs to be looked at carefully and that TAI based routing for RNs is clearly not a future proof routing option.            
2. Discussion
1) Routing made by MME based on TAI
This is the mechanism that has already been defined for HeNBs located behind a HeNB-GW. It has no standardisation impact, Relay Nodes are hidden from the MME by the DeNB, but the option requires TA allocation restrictions:  A RN shall belong to a TA which is not used in another DeNB of the PLMN.
A possibility to fulfil this requirement is to allocate for each DeNB a set of TAs dedicated to RNs. However, the set of RN dedicated TAIs should be much larger than the set of allocated TAIs for HeNBs since there is possibly a high number of DeNBs in the PLMN, each of them having less than 30 relay nodes  .  In HeNB-GW scenarios, it is assumed a limited number of gateways, each of them having potentially a large number of HeNBs attached to them – typically few hundreds.

Indeed, TAI restrictions that are bearable in case of HeNB-GW deployment may become too restrictive when applied to relays.
The X2 proxy function in the DeNB is understood as the DeNB is the termination point for X2 interfaces coming from eNBs serving cells neighbouring to cells served by the RN. 

With routing option based on TAI, the eCGI of a cell served by a RN includes the eNB-ID of the RN.

As shown in [3], this implies that, for a neighbouring eNB, the node id terminating the X2 (i.e. the DeNB Id) does not correspond to the node id which can be deduced from the eCGI in case of a cell served by a RN. This could confuse legacy neighbouring eNBs, and raise an issue for ANR function.
Indeed, [3] proposes a solution to solve ANR issue with the introduction of a token identifier in S1-AP: MME/ENB Configuration Transfer procedures, at the cost of backward compatibility issues with pre-release 10 neighbouring eNBs.

For nomadic relays to be supported, RN's tracking area has to be changed according to the set allocated to the new DeNB. Another possibility would be to reserve one TA per RN, the new DeNB updating its configuration to MMEs in the pool with the new served TA. 
When considering mobile RN , changing the TA of the RN during its mobility seems not practical since it implies TAU procedure for the UEs attached to the relay. Reserving one TA per RN seems more adapted but the number of available TAIs may become insufficient.  
Multi-hop relays deployment seems hard to be supported with this option. Indeed, a MME will route signalling message to the first DeNB based on TAI; the last DeNB will route the message to the RN based on the eNB-Id; but intermediate DeNBs have no means to route the message. So,  TAI based routing is not adapted to the multi- hop RNs.  
2) Routing made by MME based on eNB-Id  - RN-Id set to DeNB-Id

The principle is that the Relay Node uses the same eNodeB identifier than the DeNB it is attached to.  The target eNB-Id is used by the MME to route signalling messages to the DeNB, the DeNB uses the embedded eCGI to discriminate between its own cells and cells associated to relay nodes, and route the message to the final node.
Indeed, this extends the proxy spirit in the sense that cells introduced by Relay Nodes are de-facto seen as cells belonging to the DeNB; relationship between eCGI and eNB-Id is maintained.
In addition to the eNB-ID, Relay Node has to be configured with cell id part(s) coordinated with cells served by the DeNB and cells served by all the RNs attached to the DeNB.

Since the RN id is identical to DeNB-Id, the termination point for X2 interfaces of neighbouring eNBs can always be deduced from the eCGI of the neighbouring cell, even when the cell is served by a RN. Indeed, legacy neighbouring eNBs are not confused and ANR function is operational without standardisation effort.
This may be an issue for nomadic aspects, since the eNB-Id – and consequently the eCGI - will have to be modified when RN's location is changed. Furthermore, RN mobility would be hardly supported since in this case RN eNB-Id should also change during RN mobility.
For multi-hop relaying the MME can route the messages up to first DeNB based on eNB-Id. The routing behind the first DeNB down to last hop RN could still be done on target eCGI basis.   
This option could have potential impacts on O&M since several nodes would be configured with identical eNB-Ids in a PLMN.  Moreover, the need to coordinate cell Ids between RN and DeNB will have impact on S1-AP and/or X2-AP.

3) Routing made by MME based on eNB-Id - Flat routing table in the MME

MME has an indirection table giving for all Relay Nodes the eNB-ID to use for reaching it [2], or the routing table giving the S1 link to use to reach a given eNB shall allow several entries for the same S1 connection. Signalling messages include the RN-Id in target node field, MME route the message to the DeNB after a look-up in the indirection table that maps the received RN-Id to the eNB-Id of the DeNB.
DeNB could report the list of Relay Nodes associated to it for example in a modified eNB Configuration Update message or in a dedicated procedure in order to update the indirection table in the MME.
In this option, Relay Nodes are not fully hidden to MMEs by the DeNB  since DeNB proxies configuration aspects but not the routing aspects of inter-eNB S1 signalling messages..
As for option (1), the eNB Id which can be deduced from a cell served by a RN (the RN-Id) will not correspond to the eNB-Id of theX2 termination point (indeed the DeNB-Id), which could confuse legacy neighbouring eNBs and raise issues for ANR. Indeed, solution as proposed in [3] applies, but backward compatibility with pre-release 10 eNBs may be compromised.

For this routing option  nomadic RN is supported: the old serving DeNB updates its RN list to MMEs when a relay is switched off, and the new DeNB indicates to its MMEs the new RN when it pops up. 

The same mechanism allows the support of RN mobility.  multi-hop relaying is supported in this option since  , MMEs will have the knowledge of all RNs and the routing indication of the first hop, each intermediate hop can  have a partial routing table including all RNs below. All routing tables could be updated along the path from down to top when RN topology evolves. 
However there is an issue with the update of the partial routing tables in the nodes and the indirection table in the MME which increase signalling load to the MME and DeNB.   
4) Routing made by eNBs based on eNB-Id – Routing table in the neighbouring eNBs 

Routing principle is similar that in option 3), however the routing table is assumed to be distributed in neighbouring eNBs. Indeed, Relay Nodes remain hidden to the MME, but all neighbouring eNBs have to be updated to handle the routing table. So in this option, nomadic, mobile and multi-hop relays are supported and signalling overhead to the MME is reduced when compared to the alternative (3) but the update of the routing table in the neighbouring eNBs is an issue.       

In the table bellow we summarize the different routing alternatives: 
Comparison table
	
	Option(1)
	Option(2)
	Option(3)
	Option(4)

	RN hidden to MME
	yes
	yes
	no (partly only)
	yes

	TAI restrictions
	yes
	no
	no
	no

	Standardisation impact:
	
	
	
	

	

MME
	no
	no
	yes
	no

	

S1 / X2 AP
	yes (ANR support)
	no
	yes (ANR support)
	ANR support

	

Other
	no
	yes (cell Ids coordination)
	no
	yes (indirection table distribution)

	Backward Compatibility with legacy neighbouring eNBs
	no (ANR support)
	yes
	no (ANR support)
	no (ANR support, Indirection tables)

	Nomadic support
	difficult (TAI restrictions)
	difficult ( the eNB- Id is changed with RNs location)
	yes
	yes

	Multi-hop
	no
	yes
	yes
	yes

	RN mobility
	difficult (TAI restrictions)
	no ( the eNB- Id is changed with RNs location)
	yes
	yes


3. Conclusion
 In this contribution we have compared different routing options for the deployment of the relays. In option (1) the routing is made on TAI basis as for HeNBs under HeNB-GW, in option(2) the routing is made on eNB-Id basis where the RN have the same eNB-Id as its DeNB. Option (3) considers flat routing in the MME, i.e. the MME have indirection table of the eNB-Id used to reach each RN and option (4) assumes the same routing principle than ('3) but distributed among the DeNB and neighbouring eNBs rather than centralized in the MME. 
It appears from comparison table that all options but option (2) have backward compatibility issues with pre-Release 10 eNBs. However it comes at the cost of a low support of nomadic relays. Moreover, it will hardly support RN mobility and multi-hop would be supported with configuration burden for cell-id coordination; Indeed, option (2) is not seen as future proof. Option (1) requires no modification in MME routing algorithm, however TA deployment restriction may become an issue. In option (4), routing table distribution in neighbouring eNBs could become cumbersome, especially when considering RN mobility. Impact of option (3) on standardisation seems limited while the option is likely to be the most future proof. 
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