3GPP TSG-RAN WG2 Meeting #66
R2-022867
04-08 May 2009 in San Francisco, CA, USA

Source:
Panasonic
Title: 
Clarification on Relay Nodes interconnection to the network
Agenda Item:
7
Document for:
Discussion
1 Introduction
In RAN2#65_bis, the first discussion about LTE topics was held and some agreements were made with respect to the Relay Nodes architecture. However there are still some open issues which have impact to the network as a whole. This contribution focuses on the interconnection model of the Relay Nodes to the network and highlights different impacts on the CP and UP, while pointing out other aspects that need further investigation.

2 Interconnection of Relay Nodes to the network
In RAN2#65_bis meeting, some agreements discussed established that RRC is completely located at the Relay Node. In our understanding this means that the RRC signalling from the UE is terminated at the Relay Node. However from the discussion it was also identified that there are some different views among companies as to how the Relay Node appears to the network, i.e. is the RN seen as a network node or is it seen as an UE by the network. How is the RN seen by the network will depend on which nodes terminates the S1-MME and S1-U interfaces at higher level. In addition, how the Relay Node is connected at radio level also needs to be discussed. The type 1 Relay Node connects to its donor eNB using the same LTE-A radio interface as the UEs that connect directly to the donor eNB (this is called in-band operation) and the total resources of the eNB are shared between the directly connected UEs and the RNs. So at least on the initial setup at the lower radio layers the RN may be seen as an UE by the eNB, however afterwards it may be beneficial that the Relay Node is recognized as a RN by the eNB. Hence it is necessary to investigate how the RN is seen by the network at radio level and at higher layer level. We focus on this contribution on the discussion about how the RN is seen at higher layers while considering also radio aspects especially over the Un interface.
2.1 RN visibility from core network: CN signalling termination point
The RN entity could be visible or not to the Core Network. This depends on the interconnection model that is decided; and is applicable independently (or jointly) to both C-Plane and U-Plane. In other words, it depends on which entity terminates the higher layer signalling; i.e. eNB or Relay Node. The following basic interconnection models (without separation of C-Plane and U-Plane functions) are possible:
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Option A: RN terminates all S1 signalling. Hence the RN  is seen as an eNB from the CN point of view. The eNB is transparent from CN point of view. We call this model the One-Logical connection model.
Figure 1. RN terminating CN signalling
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Option B: eNB terminates all S1 signalling and RN is not seen from CN point of view. The existence of RN is handled within eNB, i.e. from higher layer is like one more UE attached to the eNB. We call this the Two-Logical connections model.
Figure 2. eNB terminates CN signalling
2.1.1 Option A: RN terminates the S1 interface

For Option A termination of the S1 interface means that S1-AP and S1-U CN messages for the UEs connected to the RN are terminated at the RN after some forwarding/tunnelling at radio level from eNB.  
Accordingly, the eNBs acts as a simple router (same as core network intermediate routers) for all data and control messages exchanged between the CN and the RN and all messages at higher layer (CP & UP) are transparent to the eNB and are just forwarded to the RN. RN is seen as another eNB to the MME. As the connection may be transparent to the eNB, it may require having to function as a L2 switch or L3 router in order to forward packets at IP level to the RN and as such, the eNB requires implementing a routing table or switching table.  
Due mainly to the mobility scenarios involving the RN described in [1] it would be beneficial that the eNB should also have the possibility to peek at the S1 headers. Consequently, there could be the case that the connection between the RN and the core network is not completely transparent to the eNB. However this would definitely require further study. 

The following figure shows the protocol stack architecture for the one logical connection model.
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Figure 3. Protocol stack of the entities involved in the Option A model
This option presents very little changes to the protocol handling and stacks since the RN will behave as one more eNB. In turn the core network protocols would require very little (or none) modifications to operate since they can be simply tunnelled over the radio layers of the Un interface.

The figure also shows the possibility for having an optimised protocol over the Un interface with the Option A model. However this optimisation of the RN lower layers facing the Un interface could be also possible for the option B; hence we propose that further discussion takes place to identify which functionalities could be optimised on the different RN lower protocol layers.

2.1.2 Option B: eNB terminates S1 signalling from the CN

In Option B the S1-AP and S1-U messages related to UEs connected to the RN are terminated at eNB. NAS related handling of messages is terminated at the eNB, and then those messages have to be re-sent to the RN; this would require defining new procedures and require further investigation. 
Basically what the eNB should do is that for every CP and UP packets sent to UEs attached to the RN on DL, these are processed  at eNB and striped of transport and control headers (IP/SCTP/GTP) and re-packaged into same (or optimised new) protocols and sent then to RN where they will be again de-capsulated and sent to the UEs. 
There is the possibility for Option B to utilise current standardised X2 mechanisms for tunnelling between eNBs. However, how much changes are necessary to utilise the standardised X2 procedures for tunnelling between eNB and RN require further study. For example (without the intention of being exhaustive):
·  A new GTP header setup for identifying the S1 bearer that is mapped to the RN is needed over the Un interface but can be done according to X2 procedures.

· eNB would require an additional table to map the S1-TEID to the RN Un-TEID: since there are two tunnels in place (mapping is already in place for normal UE operation however some modification is needed).

Needless to say, these procedures would require more processing time at eNB and RN.
Alternatively, IP packets can be sent to the RN with different and particular header valid only over the Un, with eNB and RN implementing a different protocol stack only over Un interface that, for wireless transmission may be optimised.

The donor eNB needs also a rule to differentiate when to apply the different processing with different protocol and when to treat packets as usual for directly connected UEs.
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Figure 4. Protocol stack of the entities involved in the Option B model

It has been identified that this model would represent some more work to develop and/or modify the existing protocols to handle the signalling and user-plane data over the Un interface, in addition to new functionality required at the eNB to handle these differences with respect to handling of UEs that are directly connected to eNB.
2.2 Considerations for both Interconnection Models

For both interconnection model approaches it is proposed that the following aspects need to be investigated as well:

· Possibility of optimised protocol stacks over the Un interface due to higher data rates and increased capacity of the wireless interface compared to Rel 8. It is proposed that further investigation about whether all the functionalities specified for PDCP/RLC layers are needed over Un.
· Multiplexing over the Un interface. To have "per UE" links at RN lower layer over the Un interface increases the overhead, especially PDCCHs. We can expect statistical multiplexing gain if the number of UEs connected to a RN increases. Therefore, it is important to consider the possibility of multiplexing data/control to/from several UEs at the Relay node. The expected relatively good channel condition at Un would also help to multiplex several UEs with higher rate. Some signalling between RN and eNB to allow for multiplexing could be specified and may need some work.
· Signalling design for the Un interface for control procedures related to e.g. radio interference management, handover control, etc. Radio resource coordination mechanism and signalling between eNB and RN is necessary to manage interference and efficient allocation of resources in both connection models.
· Impact to QoS control: due to the introduction of the Relay Nodes, there might be also some impact to the QoS support compared to Rel-8. In LTE-A due to the wireless “hop” in between, the QoS setup with the core network may be different depending on the interconnection model used and further optimisations may exist to take into account the capacity of the Un interface.
· Security model may also be impacted and consequently security procedures depending on the termination point of CN messages.
· Potential impacts on MME and S-GW procedures (e.g. multiple connectivity case, initial setup procedure of RN, etc.).
It is proposed that RAN2 takes these points as investigation to clarify their details and to determine which interconnection option offers better performance and represents less impact to 3GPP work.
3 Conclusions
This contribution has analysed the different aspects of the interconnection models of the Relay Nodes to the network.  It is proposed that the issues identified in Section 2.2 are further investigated by RAN2 and in case that it may fall out of the scope of RAN2 that it liaise to the appropriate working groups.
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