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1 Introduction
In the last RAN3 meeting, a new open issue of “what method to use to differentiate at the MME between Phase I and Phase II” was discussed [1].
In this contribution, various candidate methods for resolving this issue are discussed with our recommendation provided.
2 Background

According to the agreed RN startup procedure, there are two different startup phases:

· During Phase I, the RN operates as a normal UE and the MME selected by the DeNB should select S-GW/P-GW for the RN as for a normal UE.
· During Phase II, the RN operates as a Relay node and the MME should select the serving DeNB as S-GW/P-GW for the RN.
However, currently there is no appropriate way for the DeNB to tell the MME whether it is Phase I attach or Phase II attach. Therefore, some kind of indication is needed for differentiating Phase I and Phase II of RN attach.
There may be several methods that can be used to provide the indication of different RN attach phases for the MME, as discussed in the following sections.
3 Solutions
An RN-enabled MME has the knowledge of whether an attaching “UE” is an RN or not, based on the subscription data from HSS. In order to assist the MME in identifying which phase the RN is performing, an indication should be sent from DeNB or RN to the MME. If the MME receives such an indication while the RN is attaching to the network, it can confirm the RN is operating in Phase II. Otherwise, it can confirm RN is performing Phase I attach and select SGW/PGW for RN as for a normal UE. Therefore, the remaining question here is that which node should send this indication. There may be two solutions:
· Solution1: RN sends the indication via NAS message “ATTACH REQUEST”;
· Solution2: DeNB sends the indication via S1 message “INITIAL UE MESSAGE”.
Either solution can help the MME identify which attach phase the RN is performing. For example, if the MME recognizes the attaching UE as “It is an RN” based on subscription data from HSS, and also receives an indication from RN/DeNB, it can confirm that the RN is operating in Phase II. Subsequently, MME will choose the serving DeNB as S-GW/P-GW for the RN. On the other hand, if MME knows “It is an RN” from EPC without receiving an indication from RN/DeNB, it can confirm RN is operating in Phase I, then selects S-GW/P-GW for the RN as for a normal UE.

In the sequel, we will provide our analysis and considerations for the two solutions.
Solution 1: RN sends the indication via NAS message “ATTACH REQUEST”.
In this solution, there are two possible options:
Option 1-1: Define a new IE named “RN Attach Phase Indicator” within the NAS message “ATTACH REQUEST” as the indicator.
The newly defined IE will be used as an indicator to assist the MME for identifying the different phases of RN start-up procedure. In this option, some impact on NAS protocol is obvious.
Option 1-2: Reuse the existing IE “EPS Attach Type” within the NAS message “ATTACH REQUEST” as the indicator.

This option requires adding a new EPS attach type value named “RN Attach”. The structure of “EPS attach type” is shown in Fig. 1. Adding a new EPS attach type value to the existing IE “EPS attach type” will impact the NAS protocol, although the impact is relatively small when compared with Option1-1.
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Bits

3 2 1

0 0 1 EPS attach

0 1 0 combined EPS/IMSI attach

1 1 0 EPS emergency attach

1 1 1 Reserved

Bit 4 of octet 1 is spare and shall be coded as 

zero.


Fig. 1: EPS attach type information element [4].
However, it should be noticed that the purpose of differentiating RN attach phases is to assist the MME for selecting appropriate S-GW/P-GW for the RN. These operations belong to Access Stratum and should be invisible to NAS. From this perspective, solution with impacts on NAS protocol is not preferred.
Proposal 1: Solutions with impacts on NAS protocol is not preferred.
Solution2: DeNB sends the indication via S1 message “INITIAL UE MESSAGE”.
At the RAN2#71bis meeting, RAN2 agreed that the “I'm RN” RN indicator will be send in RRC Connection Setup Complete message. Thus, the DeNB can differentiate which attach phase the RN is performing via “RN indicator”. The DeNB can directly forward this information to the MME via S1 signaling, to assist MME to choose serving DeNB as SGW/PGW for the RN.
In this case, the DeNB has the following three options to forward the RN indicator to the MME via S1 message “INITIAL UE MESSAGE”:

Option 2-1: Define a new IE named “RN Attach Phase Indicator” within the S1AP message “INITIAL UE MESSAGE”.
This option defines a new IE within the “INITIAL UE MESSAGE” S1AP message, thus has impact on S1 signaling.
Option2-2: Reuse the existing IE “RRC-Establishment-Cause” within the S1AP message “INITIAL UE MESSAGE”.
If the RRC establishment cause contained in “RRC CONNECTION REQUEST” message is used as an “RN indicator”, the DeNB may forward it to the MME in the “INITIAL UE MESSAGE”. The advantage of this option is that no other IE is needed. However, according to the agreement from RAN2#71bis meeting, the “I’m RN” indicator should be included in the “RRC CONNECTION SETUP COMPLETE” message. Obviously, this option is not feasible.
Option2-3: Implicit indication through the presence of DeNB S-GW/P-GW TNL address.

The following has been agreed at the RAN3#69bis meeting [2]:
“In Phase II, the DeNB sends the IP address of the S-GW/P-GW function embedded in the DeNB to the MME via S1 message, which will be selected by the MME as S-GW/P-GW for the RN. In this phase the RN cells’ ECGIs are configured by RN OAM.”
After receiving the “RRC Connection Setup Complete” message, the DeNB would have known the RN is performing Phase II attach via “RN indicator”. Then, the DeNB shall send the TNL address of the S-GW/P-GW embedded in the “INITIAL UE MESSAGE” to the MME, Thus, when the MME would recognize the attaching “UE” is actually an RN based on the subscription data from HSS, and also find that the TNL address of S-GW/P-GW is included in the “INITIAL UE MESSAGE”, it can confirm that this RN is operating in attach Phase II. Subsequently, the MME can choose the serving DeNB as S-GW/P-GW for the RN. On the other hand, if the TNL address is absent from the “Initial UE message”, the MME shall select S-GW/P-GW for the RN as for a normal UE.
Therefore, the embedded TNL address can be used as an indicator for Phase II RN attach. The MME can understand whether the RN is performing Phase I attach or Phase II attach depending on the absence or presence of the TNL address in the “INITIAL UE MESSAGE” S1AP Message.
It may look attractive to send the TNL address of S-GW/P-GW in “S1 SETUP REQUEST” message other than in “INITIAL UE MESSAGE”, because of the reduced S1 signalling overhead achieved in the case, where the same TNL address is always sent to MME. However, it is better to adopt a solution that could be reused in LIPA. And the increased overhead due to the transmission of S-GW/P-GW TNL address is expected to be acceptable, considering that the RN will not attach to the network frequently. Furthermore, there may be some scenarios, where one DeNB has multiple R-GWs associated with different APNs or with load-balancing/redundancy purposes. Sending the S-GW/P-GW TNL address in “S1 SETUP REQUEST” may eliminate such flexibilities. Hence, it is preferred to send the DeNB S-GW/P-GW TNL address in S1AP “INITIAL UE MESSAGE”.

There are many concerns about using an implicit indicator may lead to some potential confusion from the LIPA function perspective. However, as specified in [5][6], we have:

“A UE shall have a valid subscription with the mobile operator in order to use Local IP Access” and “MME performs LIPA authorisation of the UE to decide whether the UE is allowed to use LIPA function or not according to the UE subscription data and the LIPA capability of the HeNB”.

Thus, we believe that the MME can differentiate the L-GW TNL address and the R-GW TNL address via CSG ID or via UE subscription data stored in the HSS/HLR.
Proposal 2: The MME supporting RN shall identify which attach phase the RN is operating in based on the presence of the TNL address of the S-GW/P-GW in the S1AP “INITIAL UE MESSAGE”.
4 Conclusion
In this contribution, we focus on how to differentiate the two phases of RN start-up procedure. Several solutions are analysed and our recommendations are offered as follows:
Proposal 1: Solutions with impacts on NAS protocol is not preferred.
Proposal 2: The MME supporting RN shall identify which attach phase the RN is operating in based on the presence of the TNL address of the S-GW/P-GW in the S1AP “INITIAL UE MESSAGE”.
The companion CR for the above proposals is provided in [7].
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EPS attach type value (octet 1)
Bits


3    2    1
0    0    1    EPS attach
0    1    0    combined EPS/IMSI attach
1    1    0    EPS emergency attach
1    1    1    Reserved


Bit 4 of octet 1 is spare and shall be coded as zero.



