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Discussion and decision
1 Introduction
During RAN2#67, III withdrew their proposal [2], also called ”Alt 4b”, i.e. it is sufficient to describe the alt where GTP-U is terminated in DeNB. This doc is an update to R2-094796 to reflect this change. Change-bars are kept. 
This is the report of RAN2 [66b#15], E-mail discussion on one description of Relay ALT 4. 

For descriptions on what is ALT 1, 2, 3, 4, please see ref [3] and its referenced documents. 
The scope of this email discussion is to try to resolve the following: 
· At RAN2#66bis, two decriptions of alt 4 has been provided: in ref [1] by Huawei and in ref [2] by III. The desciptions are somewhat different and it shall be attempted to agree on one decription. Other companies are also free to provide input to arrive at such a decription. 
· It has been stated that the description of the Alt4 is not clear. Similarity and differences to e.g. Alt 2 has been debated. Attempts could also be done to make further clarifications amd align the description style towards the description of other alternatives.
The initially proposed text tries to align the desription style here of Alt4 to the style applied for Alt 1, 2 & 3, in order to reduce the possibility for unclarities.
2 Discussion
2.1 Main Points Defining Relay Architecture Alt 4
1. (similar to other alt) RRC is used to control the Un interface. DeNB is the “eNB” and RN is the “UE”, thus DeNB is the controlling entity. 

2. (similar to other alt) For OAM involvement and cell configuration, the same high level description as for Alt 1, 2 & 3 can be used. Alt 4 brings nothing new in this respect.
3. (similar to alt 2) Relay cell is seen as a cell of the DeNB, from the Core Network and neighbour eNBs. 

4. (similar to other alt) Bearers where RN is the terminating node, e.g. bearer for OAM communication, are treated similar to other bearers for UEs in a DeNB cell, i.e. RN is considered to be a UE, and for data bearers it has an IP address, and they are routed by SGW/PGW in the core network.

5. (different to other alt’s) For bearers where RN is not the terminating node, i.e. bearers for UE communication, CN is not involved in specifc Control of such Un bearers. Such Un bearers are just radio bearers, in support of UE EPS bearers. There is no need to model a SGW/PGW internally in DeNB for this purpose.

6. (similar to alt 2) DeNB implements “HeNB GW like functionality” for S1 and X2, specifically protocol termination of S1-AP, X2-AP and TNL, where for UE associated procedures S1-AP and X2 –AP protocol is “transported” and for non-UE associated procedures S1-AP and X2-AP protocol is “terminated”, and TNL/user-plane address translation is done. 
7. (different to alt 2) With respect to the HeNB GW like functionality” then main difference to Alt 2 is that the transport for Un is proposed to be different, thus the details of the address translation would be different.

8. (similar to alt 2) DeNB is aware of UEs under the RN, and the S1 and X2 procedures for such UEs are available to DeNB. DeNB is expected to use this information for RRM for Un.

9. (different to other alt’s) S1-AP and X2-AP is carried by SRB/RRC over Un Thus there is no need to have an “application level SRB” for integrity protection etc.TNL for signaling transport is terminated in DeNB.

10. (different to other alt’s) Main parts of TNL for data transport is terminated in DeNB. It is FFS if to terminate GTP-U in DeNB or in RN.
2.2 Email discussion comments

[LGE]

One thing I want to highlight in Alt.4 is that S1-AP and X2-AP messages are integrity protected in Un interface, while the other alternatives do not provide integrity protection of those messages. Could you please elaborate more on point #9 to highlight this aspect?

Action: text was added to the description. 

Another comment is on two alternatives in user plane.I n my opinion, bearer mapping is quite independent of GTP-U termination. Even without GTP-U, you can do per-QCI mapping by e.g. modified PDCP or mapping function above PDCP. Also with GTP-U, you can do one-to-one mapping. So can we leave out the bearer mapping issue in this discussion?

Action: A note was added that the architecture does not preclude finding a “middle way” wrt the described alternatives, e.g. multiplexing in PDCP. 

[ERICSSON]

1) As commented before, only considering "TNL" overhead does not give the full picture. There is overhead for tunneling/transport associated with all solutions (e.g., for UE identification over RN , for encapsulation in RRC etc.). For consistency this should be accounted for. In this respect I note that item U2 has been improved. Also for item C2 I think it should be noted, however, that transporting S1-AP over RRC is also associated with some overhead.
Action: Ok, A line of text added to capture that RRC encapsulation is needed. 

2) As commented before we do not agree with the description of item U4 (see email discussion after RAN2#66). Overhead is not directly related to delay. Overhead belongs under Item U2 and should not be repeated here. Further, the mentioned optimisation not to perform reassembly or concatenation would seem to increase overhead which should also be mentioned.
Action: Ok, radio transmission is flexible. Overhead could be translated into in-efficiency only. Line removed.
3) Regarding item U5 I don't think any requirement has been agreed w r t avoidance of forwarding or RN informing DeNB about which packets were transmitted.
Action: None. There is nothing stated in the text about agreed requirement. It is the opinion of the proposing companies that it is important to support this functionality. 
4) I believe the description of Alt 4 should focus on describing Alt 4. How to do things (e.g., integrity protection) with other alternatives does not seem to be within the scope of describing Alt 4.

Action: None. The text was checked, but as far as the email rapporteur can see, only alt 4 is described.
5) As the bearer mapping paradigm is one clear distinguishing factor between the different architecture alternatives (1, 2, 3 and 4) and the two different bearer mapping paradigms would impose different requirements it is preferable to keep the aspect of bearer mapping in the description.

Action: None. It seems that the proponents of Alt 4 share the views that UP is worth optimizing, that non-needed protocols (e.g. UDP/IP) should not be used over Un, that current HC can be used as-is. Different options has been proposed for the bearer mapping, where two principal solutions remain described. It is not clear if to regard the bearer mapping part of the “architecture” or not. 
[CATT]

1. In Item C5: UE mobility, the figure 2-4 shows that during handover, the data forwarding is performed from DeNB to target eNB directly and RN is not involved in at all. It is not like other alts, e.g. alt2. We think this scheme can reduce some forwarding overhead, but it still introduces some complexity such as adopt some new mechanism e.g. joint PDCP protocol over Uu and Un. I wonder if the scheme used in alt2 (RN forwards data to target eNB via DeNB) can also be adopted in Alt4? And if not, does it mean that for alt4, the optimization scheme must be used? If the scheme in alt2 can be used then we propose to add it in Item C5 and U5 as another alternative.

Action: Text added. The DeNB forwarding is shown as the baseline alternative because it seemed that most of the proponent companies are in favour of such a solution. However, there is nothing architectural that would prevent from selecting a solution where the forwarding is done from the RN. Regarding PDCP, I think you are correct that SN-synchronization between Uu and Un would be one way .. or alternatively in the SN status transfer Un PDCP info could be added (mentioned in the Huawei tdoc provided last meeting). 
2. In Item U2: Un overhead caused by TNL, for Alt a), it is indicated that "TNL overhead is Zero, but additional Identity of one-two octets need to be introduced." I wonder why the additional identity uses one or two octets. What the factors you take into account?
Action: None. additional identlty is needed to identify the UEs under the RN ..
3 Proposed Text Description
3.1.1  Control Plane
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Figure x: C-plane protocols alternative 4
In this alternative, the RN terminates the S1 control plane and X2 control plane while the DeNB terminates the S1 both towards the RN and the EPC pool and X2 both towards RN and neighbouring eNBs (the same way as HeNB GW may terminate the S1 towards HeNB and the EPC pool).  The S1-AP messages are sent between the MME and the DeNB, and between the DeNB and the RN. Upon the DeNB receiving the S1-AP messages, it translates the S1-AP UE IDs between the two interfaces by means of modifying the S1-AP UE IDs in the message. This operation corresponds to an S1-AP proxy mechanism and would be similar to the HeNB GW function. 
Also bearer end-point addresses need to be translated.
Note: As SRB/RRC is used as the bearer for S1AP and X2AP over Un, integrity protection is already supported, and there is no need to define an application level SRB.
Item C1: Necessity of new AP

No new AP needs to be defined for the Un interface, the legacy S1-AP can be applied. By making DeNB S1-AP aware, it becomes possible to introduce Un interface specific extensions to the S1-AP protocol between the RN and DeNB.

Item C2: Overhead caused by TNL

TNL is terminated in Donor-eNB. Un overhead caused by TNL is zero. RRC packed ASN.1 encapsulation would contribute to the overhead but is expected to be small. 
Item C3: Node impact

Item C3.1: MME

There is no impact on the MME.


Item C3.2: DeNB

The DeNB needs to support the proxy functionality, i.e., Home eNB GW-like functionality.
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 (in any architecture) the DeNB would need to be made aware of such QoS requests in order to manage Radio Resources for Un properly.

Item C3.3: RN
RN needs to support the legacy S1 interface functionality like regular eNBs. 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 from DeNB for Un operation.
Item C4: Signalling sequence


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

The startup sequence can be divided into two main parts:

· In the first part the RN attaches to the network via the legacy UE attach procedures to authenticate the Ue (function of the RN) and establish basic connectivity.

· When IP connectivity is established, O&M system may authenticate the eNB (function of the RN) and then downloads configuration data to the RN. The RN establishes the necessary S1/X2 interfaces, then it goes into normal operation.

The S1/X2 setup signalling initiated from the RN will be terminated by the donor eNB and the existing S1/X2 connectivity of the DeNB will be used to proxy the S1/X2 connection of the RN. This may require that the existing S1/X2 connections of the DeNB need to be updated, e.g., to register the new cell(s) of the RN toward the neighbour eNBs of the DeNB or to register new tracking area codes (TAC) corresponding to the RN cells toward the MME. Existing  “eNB Configuration Update” procedure on the S1/X2 interfaces can be used for this purpose.

Only one X2 connection needs to be established from the RN.
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Figure: RN startup procedure.

Item C4.2: UE access at RN (UE associated procedure)

The initial attach of a UE connecting via a relay node is shown in the figure below. The procedure corresponds to the legacy attach mechanism as seen from the UE, from the RN and from the MME point of view. The only difference is that the DeNB is involved in the procedure by relaying the corresponding S1 messages between the RN and the MME.
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Figure: UE access at RN
As the S1 signalling goes via the proxy functionality of the DeNB, the DeNB is explicitly aware of UE bearers being setup at the RN. Thus, in the event backhaul bearer resources need to be updated when a new UE bearer is setup this could be initiated by DeNB.
Item C5: UE mobility

The procedure of an X2 handover, where a UE under an RN makes a handover to an eNB different from the donor eNB is shown in the figure below. We note that similar procedure would apply in case of the UE making a handover to another RN (connecting via a different DeNB) or in case of a handover to the DeNB.

· The RN makes a handover decision based on UE measurement report and selects a target cell. 

· The RN sends the Handover Request message to the DeNB. The DeNB finds the target eNB corresponding to the target cell ID and forwards the X2 message toward the target eNB. 

· The target eNB receives the message and it looks like from the target eNB point of view as if the UE would be making the handover under a cell from the DeNB.

· After the completion of the X2 signalling, forwarding tunnels are established from the the DeNB to the target eNB. The tunnels are switched at the DeNB. As the DeNB can access the per UE bearer forwarding tunnels and it is also aware of the ongoing handover through the bypassed X2-AP messages, the packet forwarding path is shortcut; i.e., unnecessary back and forth forwarding over the Un interface can be avoided.

We note that packet forwarding neither needs to involve back and forth forwarding over the Un interface, nor involve routing via the EPC.
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Figure 2-4: X2 handover (RN -> target eNB)
Alternative approach: Note that there is nothing architectural that prevents to select a solution where forwarding is done from the RN instead of the DeNB. 
3.1.2 UP: S1 termination in DeNB




[image: image6.emf]UDP/TCP

IP

PDCP

RLC

MAC

PHY

PDCP

RLC

MAC

PHY

PDCP

RLC

MAC

PHY

PDCP

RLC

MAC

PHY

GTP-U

UDP/IP

L2

L1

GTP-U

UDP/IP

L2

L1

UE RN Donor eNB S-GW

APP


Figure 8: U-plane architecture alternative 4
In this architecture, header overhead is a main concern. TNL layers including up to UDP/IP level of S1 user-plane is terminated in DeNB. There is no dependency to have a new HC protocol. 

GTP-U is terminated in the DeNB: Each EPS bearer of UE connected to the RN is mapped to separate radio bearer over the Un interface. This requires extension of addressing of Radio Bearers over Un. 



Item U1: QoS Control over Un


Item U1.1: Handling of UE E-RAB over Un

RRM for RN bearers are based on QoS parameters received over S1-AP. 
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 would be 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 S1 AP QoS information elements.


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. TNL overhead is Zero, but additional Identity of one-two octets need to be introduced. 
No new PDCP compression protocol needs to be used. 
Item U3: Node impact


Item U3.1: S-GW

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


Item U3.2: DeNB
The DeNB will map user-plane connections between the RN and DeNB, and between the DeNB and S-GW for Ue EPS bearers. The latter function is similar to  HeNB GW operation for S1-U. 
L2 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

The RN will perform mapping of UE EPS bearers to appropriate RN bearers in the uplink
Item U4: NW delay

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

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. 
Alternative approach: Note that there is nothing architectural that prevents to select a solution where forwarding is done from the RN instead of the DeNB. Forwarding form DeNB or RN could possibly be even an implementation option. 
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