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1. Introduction

This document examines the challenges created by terminating S1 interface at the DeNB for relay architecture. In fact, the same challenges manifest themselves if the X2 interface is terminated at the DeNB.
A very similar document is also provided to RAN2#67 (R2-094414).
2. Discussion
2.1. Variation in descriptions and lack of convergence 
In the last RAN3 meeting, possibility of terminating S1/X2 for the relay has been left open. Since then, in RAN2, several proposals have been made for a relay architecture where S1/X2 is terminated in the DeNB, which  is called as “Alternative 4” in RAN2. It is not entirely clear if these different proposals can be considered as architecturally the same—e.g., if they are deployable interchangeably in a single network.  The related email discussion ([RAN2-66b#15]) is intended to help clarify this issue, but unfortunately there was not much time for discussion leading up to RAN3#65 and a number of issues remain open, particularly with respect to the user-plane protocol stack.  (As one example, the description in [9] leaves open the termination of GTP-U at the donor or relay nodes, as well as the possibility of an unspecified “middle way”.  This decision would at least affect the DeNB, and it seems that at least in the footprint of each donor eNode B, there must be a single consistent answer rather than a “mixed” deployment of both alternatives.)
2.2. Protocol impact on Un interface

The largest architectural issue related to S1 termination at the donor is the evident need for a new protocol to be defined over the Un interface, as a “carrier” protocol for information delivered via the S1 and relevant to the operation of the relay node.  This protocol has not been named or discussed in great detail, but seems likely to be quite similar to the existing S1-MME and X2-AP protocols, with additional complexity needed to maintain consistent state between the relay and donor eNode Bs (especially during handover).

In addition to the pure specification burden of a  new protocol, this change would introduce some processing delay in mediating between the RRC and S1/X2 protocols.  This processing delay might be quite negligible if it relates only to the translation and packaging of messages between the new protocol on the Un and the existing protocols; however, it also seems quite possible that maintaining a synchronised protocol state between the relay and donor nodes could require additional roundtrips on the Un interface, introducing a corresponding delay.

Because there have been no concrete proposals for the needed protocols, it is not possible to analyse these situations in detail at this time.

2.3. Impact on implementation and interfaces of donor eNode B

When S1/X2 are terminated in DeNB, as noted above, the donor eNode B needs to maintain a significant amount of state information related to relay operation.  In addition to the need to maintain synchronisation with relay nodes, the DeNB would need to maintain context for all the UEs served by the relay(s) “underneath” it.  There are at least two immediately evident impacts:

· The donor eNode B must be significantly scaled up relative to a Rel-8 eNode B, since it needs to be able to maintain a large (potentially very large, if multiple relay nodes are served by a single donor) number of UE contexts.  It follows that initial deployment of relays in an existing Rel-8 network will involve significant upgrades to the UE context handling of any potential DeNB.

By contrast, one of the major virtues of terminating S1/X2 at the relay node is the possibility of early deployments without upgrading DeNBs; future optimisations with DeNB impact, including some of those allowed by alternatives 2 and 3, could then be deployed at leisure with no “flag day” effect on the system.
· Because of the separate contexts at the donor eNode B for each UE served by a relay node, mobility of the relay node becomes extremely burdensome under any version of architecture that terminates S1/X2 in the DeNB.  When the relay moves to a new donor, the old and new donors must perform simultaneous handovers for the relay itself and all the UEs it serves, and it seems quite unlikely that this massively parallel handover can take place efficiently without disruption to the users, unless significant effort is devoted to a reworking of the X2 interface for this specific case.  In particular, data forwarding in such a handover would require a major scaling up of the X2 interface.

At a minimum, potential donor eNode Bs would need very high-speed and high-capacity X2 interfaces, as well as expanded processing capability.  However, these impacts would be useful only in the case of relay mobility, which is important to support but not very likely to be a frequent event—in this light, terminating S1/X2 in the DeNB imposes these burdens on all donor eNode Bs in order to support a lower-priority case, and most of the time the additional capacity would be wasted.
Some of the issues that remain open in [9], such as GTP-U termination, could also affect the donor eNode B, but to our knowledge the level of impact has not been studied.

3. Conclusion
We presented issues associated with relay architecture where S1/X2 are terminated at the DeNB. Based on this analysis, we propose that RAN3 agree to the following proposals:

Proposal 1: RAN3 move forward with current working assumption for relay architecture, where S1/X2 are terminated at the relay node.
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