3GPP TSG RAN WG2 Meeting #66bis       
R2-093935
Los Angeles, USA, Jun 29th – Jul 3rd 2009
Title: 
Relay Architecture

Agenda Item:
7.4
Document for: 
Discussion and Decision
1 Introduction
In the document we give a further discussion on the architecture proposed by Huawei, i.e. alt.4 in the email discussion [66#22].
Sub-clause 2.1 is a repetition of what was presented for the email discussion (no new text added). 

Sub-clauses 2.2-2.4 captures some aspects not treated in the email discussion. 
2 Discussion
2.1 Summary of proposal
2.1.1 CP: S1 termination in DeNB
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Figure: C-plane architecture alternative 4
In this alternative, the C-plane of S1 interface and SCTP are terminated at the DeNB. The S1-AP messages are sent between the MME and the DeNB. On Un interface, RRC coordinates information exchange between S1AP and Uu RRC. The procedures for the information exchange might be likely to similar to the current S1-C procedures. 
Item C1: Necessity of new AP

For UE dedicated procedures, S1 AP information elements and proceure information need to be carried also across the Un interface to the RN, carried by RRC. This protocol could be captured a) in a new separate spec, OR b) in current S1 AP + RRC specifications. As the delta description is assumed to be small and the behviour mostly would follow current specs, the extension of current specs if preferred and a New AP is not needed.
Item C2: Overhead caused by TNL
TNL is terminated in Donor-eNB. Un overhead caused by TNL is zero. 
Item C3: Node impact


Item C3.1: MME

For UE procedures, the cell of the RN appears like a cell of the donor eNB, i.e. there is no impact to MME.

For handling of security of Un (FFS in SA3) and possibly for management of direct OAM connectivity for RN (FFS), RN could appear as a UE by itself. There are no modifications to MME needed for this, however there are simplifications that could be done, e.g. part of NAS may not be needed (FFS). 

Item C3.2: DeNB
DeNB would handle the Un interface. It would manage the Un interface by RRC, very similar as todays Uu.  For example, DeNB would process QoS requests by S1-AP and translate into RRC modifications for Un (when needed). We assume that in any case the DeNB would need to be made aware of such QoS requests in order to manage Un. 

Item C3.3: RN
RN would manage the Uu interface as a eNB, it would act on S1-AP procedures / information elements forwarded across Un for its Uu operation. It would act on RRC requests for Un operation.  
Item C4: Signalling sequence


Item C4.1: Start up of the RN (Non-UE associated procedure)


[image: image2]
Before step 9, there is no Un interface. RN accesses DeNB as a UE using Uu. 

The involvement of NAS, MME and Home Environment is for the purpose of setting up security (dependent also on SA3 progress). 

1. RACH + RRC request + RRC setup messages. 

2. NAS Attach, RRC connection complete. 

3. NAS Attach, S1 initial UE message. 

4. Authentication data from Home Env.

5. User Authentication. 

6. NAS SMC.

7. S1 Initial Context setup + NAS Attach response. 

8. RRC SMC

9. RRC reconfiguration procedure + NAS Attach response. In this reconfiguration procedure Un would be setup, and after this procedure RN could begin transmit in the DL (if cell configuration exists).

Note that there may be additional steps in order for RN to receive its full configuration, e.g. its cell configuration. This issue is left out of this description as it could be considered somewhat separate from the current architecture discussion.

Item C4.2: UE access at RN (UE associated procedure)
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1. RACH + RRC request + RRC setup messages.

2. RRC setup confirm + NAS initial message

3. Common SRB (Un): RRC uplink information transfer: NAS initial message. 

4. S1AP Initial UE message: NAS initial message. NNSF would reside in DeNB.

5. NAS SMC procedure, using common SRB over Un. 

6. S1AP Initial Context Setup Request + NAS response message. 

7. RRC Connection Reconfiguration request (Un reconfig, triggered by S1 message, possibly setup of dedicated SRB for UE-NAS) + Initial Context Setup request (same as in step 6) + NAS response message (same as in step 6). 

8. RRC SMC

9.  RRC Connection reconfiguration request (Uu reconfiguration) + NAS response message

10. RRC response message (Uu) + possibly NAS confirm message

11. RRC response message (Un) + Initial Context Setup resp (based on Uu outcome) + possibly NAS confim message

12. S1AP Initial Context setup response + possibly NAS confirm message . 

SETUP Delay Analysis: This architecture provides minimal setup delay as no new procedure steps are introduced (in fact no new procedures at all), but instead each relay hop just adds/piggybacks or possibly modifies information to existing procedures. 

Item C5: UE mobility

[image: image4]
RN outbound handover. We assume that data forwarding over Un shall be avoided and that new features shall be introduced for this.

1. HO trigger, e.g. UE delivers measurement report 

2. RN initiates HO preparation towards target cell. 

3. DeNB forwards HO preparation request. Possibly DeNB could use this information to e.g. start buffering data in the DL, stop delivering DL data over Uu (FFS). 

4. Target prepares HO command and responds. 

5. Response is forwarded to source. 

6. HO command sent to UE

7. Sequence numbers status sent to DeNB, In addition to reporting status for Uu, this message could be extended to include SN referring to PDCP used over Un interface, and DeNB could use this information to determine what data to forward to target.

8. X2AP: Uu SN status transfer forwarded to target. 

9. DeNB forwards data to target. 

10. UE accesses new cell, send PDCP status report and Confirms the Handover (RRC connection reconfiguration complete). 

11. X2AP: Context release sent to DeNB

12. DeNB initiates Un reconfiguation (if needed) based on the X2AP Context release, and forwards the Context release to the RN. 

13. RN responds to the Un reconfiguration. 


[image: image5]
RN inbound handover. In this figure, user plane handlilng hasa been excluded. 

1. HO trigger, e.g. UE delivers measurement report 

2. Source initiates HO preparation towards target cell. 

3. DeNB allocates Un resources, and configres those by RRC connection reconfigration request, and forwards HO preparation request to RN.

4. Target reponds to Un reconfigration and creates HO command. 

5. X2AP response including HO command

6. HO command sent to UE

7. UE accesses new cell, send PDCP status report and Confirms the Handover (RRC connction reconfiguration complete). 

8. Context release sent to DeNB

9. X2AP DeNB forwards the Context release to the source eNB. . 
2.1.2 UP: S1 termination in DeNB
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Figure 8: U-plane architecture alternative 4

In this alternative, the U-plane of S1 interface is terminated at the DeNB. The S-GW serving the UE maps the incoming IP packets to the GTP tunnels corresponding to the EPS bearer of the UE and sends the tunnelled packets to the IP address of the DeNB. Upon the DeNB receiving the tunnelled packets from S-GW, the received packets are de-tunnelled, and the inner user IP packets are mapped to the Un radio bearers corresponding to the EPS bearer of the UE. Each EPS bearer of UE connected to the RN is mapped to separate radio bearer over the Un interface. 

Item U1: QoS Control over Un

Item U1.1: Handling of UE E-RAB over Un
RB (Uu) and EPS/S1 bearers (S1) are currently mapped 1-to-1, so it is proposed that also over Un the UE bearers would be carried over an individual RB. Thus a Un Radio Bearer is just a Radio Bearer in support of a UE EPS bearer (similar to the Uu radio bearer). Transmission characteristics of Un radio bearers are controlled by using the same S1 AP QoS information elements as are used for the control of Uu radio bearers.

Item U1.2: Priority handling
Each Radio bearer gets its priority over Un the same way as a radio bearer gets its priority over Uu, based on QoS information elements received over S1 AP. 
Item U2: Un overhead caused by TNL

TNL is terminated in Donor-eNB. Un overhead caused by TNL is zero. And no new PDCP compression protocol need to be used. 
Item U3: Node impact


Item U3.1: S-GW

There is no impact to S-GW. S-GW do not need to know about RN.

Item U3.2: DeNB
User plane for Un need to be modified to handle radio bearers for several UEs. However, modification could be small and limited to e.g. adding a UE-id to logical channel ID in MAC. 

Item U3.3: RN
No particular requirements for RN.
Item U4: NW delay
The header overhead is clearly smaller than other architectures proposing to transfer also IP/GTP/UDP overhead across Un, thus transfer delay will also be smaller as there is less data to transmit.

The proposed mapping of 1-to-1 between UE bearers and Un radio bearers could allow various L2 optimizations, e.g. that intermediate node(s) only do segmentation and no reassmebly etc etc. 
Item U5: U-plane handling at handover
Not sure how strongly this is related to architecture. Anyway, It should be possible to avoid uneccesary transmission of data across Un at handover, e.g. to avoid forwarding. Thus forwarding of data should be done from the Donor eNB. We then assume that donor eNB first need to buffer DL data for the RN, thus either a) there need to be some kind of flow control protocol between DeNB and RN or b) DeNB need to keep copies of data transfered to RN (always) or c) DeNB need to be told when to start buffering data. In this proposed architecture all of those alternatives would be possible, e.g. DeNB could start buffering data at Handover preparation (bec it is propsoed that DeNB shall be aware of HO preparation). In addition DeNB could stop DL transmission towards RN altogether at HO preparation. 

Anyhow, when RN has finished transmission of HO command to the UE, it should inform DeNB about which packets were transmitted and which were not, to allow DeNB to only forward non-transmitted or potantially unsucessfully transmitted packets to the target. 

In any case, the proposed architecture makes all of these improvements possible. The Donor eNB is involved both in X2 user-plane and X2 control plane. Forwarding form DeNB or RN could possibly be even an implementation option. 

2.2 Multi-hop

The alt.4 architecture could easily be extended to multihop. Simple principles apply: 

· Each additional hop is regarded as another RB to support the EPS bearer of a certain UE

· Per UE QoS control of each hop is based on IEs provided by S1-AP. The principle of S1-AP-extension by RRC could be applied to each hop with no additional complexity. 
· User-plane protocol stack could be the same for each hop, and no per-hop additional tunneling is introduced. Rel-8 PDCP could be used for each hop (wrt HC and Security). 
2.3 COMP
In RAN1, various alternatives of joint transmission has been discussed, both for relay and ”normal base-stations”, e.g. type 2 relays has been discussed, where the RN mainly reinforces transmission from/to the DeNB, also CoMP has been discussed for the DL and the UL. 

As the Alt 4 architecture is based on the assumptions that DeNB is QoS aware of each UE, and there in no additional tunneling to the CN, it is well suited for solutions that utilize joint RRM between DeNB and RN (in fact we don’t see how this could work in any of the other architectures proposed). 

Considering that a main objective of small RNs is to provide additional coverage and additional cell-edge performance to a ”donor-cell”, we think it is very reasonable that the chosen architecture shall support joint RRM between RN and DeNB to increase network performance, e.g. UL COMP between Donor-cell and Relay cell. 
2.4 Mobile Relay

In contrast to some other proposed architecture alternatives, the Alt.4 is a flat architecture, i.e. there is no centralized ”anchor” that is common for all UEs connected to the RN, thus there is no intrinsic support for ”group mobility”. 

However, this do not mean that Mobile Relay cannot be implemented. In a flat architecture a’la Alt4, mobile relay handover could work according to the following principles: 

· When RN does a ”handover”, from CN point of view, path-switch for all UEs connected to the RN need to be triggered, to redirect S1 to the new DeNB. 
· This-path switch could be triggered by the new DeNB, as in Alt4 typically the DeNB would anyway be QoS aware of each UE connected to the RN. This also means that for Alt.4, such DeNB-UE-contexts need to be forwarded to the new DeNB.
· CN do not need to be impacted. 

Thus, although Alt 4 is a flat architcture, it can easily be extended to support mobile relay.
3 Conclusions

We would like to point out the following (that was not clear form email discussion outcome). 
Point 1: QoS control of Un 

Alt 4 assumes explicit QoS Control for Un interface, where this Un QoS control is done by DeNB. Note that RAN2 have already agreed that DeNB controls Un by RRC. For other alternatives it has been proposed that QoS modifications by Un should be initiated by RN or MME-UE. We think that locating such RRM functions in MME would not work according to current network architecture (MME could not know when to initiate such change). RN could possibly make such decisions, but then for the Un interface 1) RN would be the de-facto QoS controller. 2) new signaling between RN and DeNB is needed (but there has been no presentation how this would work).

General on QoS: For GBR bearers, resource reservation is usually done and admission control is done. For bearers in general, usually some per-user or per-bearer fairness is applied for scheduling. For Un, UEs connected to DeNB and UEs connected to RN that is connected to DeNB compete for the same radio resources. 

THUS from QoS control of Un point of view, Alt 4 is the only alternative on the table, that provides a simple mechanism, aligned with current principles, that makes it possible to manage Un radio resources dynamically. 
Point 2: Security 
Alt 4 allows to use the same PDCP security mechanisms for Un that is used for Uu. Furthermore for Alt 4 it is proposed to carry all signalling over Un over SRBs, thus the current PDCP support for integrity protection can be used.
For other alternatives, where signaling is proposed to be carried over Un user-plane, support for integrity protection would need to be added. 

THUS Alt 4 allows a very simple security solution, reusing as much as possible from current system.  

Point 3: Flat Architecture

The alt 4 is a flat architecture where no additional hierarchy is introduced, and thus from control plane latency point of view the performance is intrinsically good, e.g. there are no additional procedures needed to reconfigure Un due to QoS request for Uu.  This aspect is significant as for Relay, control plane latency can be expected to be a problem needing attention and optimization.
For the user-plane, the flat architecture means that there are no additional tunneling layers added. Instead of adding tunneling, protocols are terminated, and thus header overhead is intrinsically low. 
Point 4: Header-compression 

For Alt 4 it is proposed that Radio Bearers over Un are mapped one-to-one to EPS bearers for UEs and it is proposed that basically the same protocol stack as for Uu is reused. Thus the requirements for header compression are the same as for Uu Rel-8, and the current PDCP can be reused. 
For other alternatives where it is proposed that bearers for several UEs shall be carried in one tunnel, header compression is particularly challenging. HC relies on delta information being transmitted, and in order to do high-performance compression, there need to be per-UE-bearer contexts established, and per-UE-bearer flows need to be identified and multiplexed / demultiplexed in the new PDCP layer. Also, several protocol stack alternatives include a multitude of protocols that need to be compressed to achieve good performance. 
THUS, Alt 4 is by far the simplest alternative. As it relies on known technology we know that we can expect good performance.

Point 5: Extensions: Multi-hop
The Alt 4 architecture can support multi-hop without additional tunneling overhead, by re-applying the same principles and same protocol stack for each hop.
Point 6: Extensions: Comp 

In the Alt 4 architecture the Un bearers are terminated in the Donor eNB. Thus joint transmissions and/or joint RRM between RN and DeNB can be coordinated.
Point 7: Extensions: Mobile Relay.
The Alt 4 can support also mobile relay handover, without CN impact, modeled in the CN as multiple UE handovers.
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