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Abstract of the contribution: This discussion paper is to provide a thorough analysis of the PMIPv6 related issues for the LIPA architecture.
1. Introduction

In SA2#86 meeting at Naantali, it was proposed a potential problem in the S2-113455 in a case that PMIPv6 is used on LIPA S5 path. During the meeting, it was concluded that further analysis for PMIPv6 based LIPA is needed because some entities in the core network may have some impacts and there may be further technical issue. Thus, we analyzed for LIPA on the PMIPv6 domain and identified a possible issue which is described in this paper.
2. Background
As proposed in the S2-113455, when the LIPA PDN connection is established via direct user data path between H(e)NB and L-GW on PMIPv6 domain, the UE may receive Router Advertisement (RA) messages from different routers, i.e. the L-GW sends solicited RA messages with response to RS messages from the UE and the Serving GW (SGW) sends unsolicited RA messages via S1-U. The SGW prepares contents of unsolicited RA messages to the UE based on information provided from the L-GW via Proxy Binding Acknowledgment (PBA) message as specified in TS23.402 and RFC5213;
(TS23.402 clause 5.2)

C.4)  The PDN GW responds with a PMIPv6 Binding Acknowledgement (MN NAI, Lifetime, UE Address Info, GRE key for uplink traffic, Charging ID, Additional Parameters) message to the Serving GW. The MN NAI is identical to the MN NAI sent in the Proxy Binding Update. The Lifetime indicates the duration the binding will remain valid. …. The UE address info returns the newly assigned IPv4 address and/or IPv6 prefix assigned to the UE, if one was requested in the PMIPv6 Proxy Binding Update message. …. The Charging ID is assigned for the PDN connection for charging correlation purposes. The optional Additional Parameter information element may contain other information, including for example Protocol Configuration Options.

(RFC5213 clause 8.2)
As per this specification, the following mobility options are valid in a Proxy Binding Acknowledgement message.  These options can be present in the message in any order.  There can be one or more instances of the Home Network Prefix options present in the message.  However, there cannot be more than one instance of any of the following options.

Mobile Node Identifier option

Home Network Prefix option

Handoff Indicator option

Access Technology Type option

Timestamp option

Mobile Node Link-layer Identifier option

Link-local Address option

It can be observed that almost RA parameters (e.g. Lifetime for IPv6 prefix, Link-local / Link-layer address, etc) would be informed from the L-GW to the Serving GW, however, some parameters to be required for LIPA activity (i.e. Link-MTU) still may not be informed due to no specific option element defined for the PBA message. In the following section, we try to identify possible issues on this observation.
3. Analysis for possible issues
3.1 L-GW identifying UE binding

According to the procedure defined in TS23.402, the L-GW would send a PBA towards the S-GW with the IPv6 prefix allocated to the UE, and create an entry in the PMIP binding cache. In this case, the UE is identified with either the IMSI or the NAI. 

However, when the H(e)NB establishes the direct user data path towards the L-GW, the UE may send an RS that triggers the L-GW sending an RA message. At this time, how would the L-GW correlates this UE to the UE in the PMIP binding cache is a problem. 

This same problem exists for DHCP based address management mechanism as well.

Summary: Clarification of the L-GW behavior is required in TS23.402 regarding how the correlation is done such that the L-GW can announce the correct address/prefix to the UE over the direct user data path.
3.2 Parameter Confliction between L-GW and SGW
According to the current specifications, no Link-MTU value would be sent from the L-GW to the SGW via PBA message. In the GTP based architecture, the RA to the UE is always sent from the L-GW, and therefore it is not an issue. However, in the PMIP architecture, the RA from the L-GW will arrive at the UE before the RA from the SGW. Therefore, the MTU value specified by the SGW will overwrite that from the L-GW, when L-GW and SGW uses the same link local address. 
UE’s IP stack would basically store only one Link-MTU value for a layer 2 link per RFC4861;
However, when received information for a specific parameter (e.g., Link MTU) or option (e.g., Lifetime on a specific Prefix) differs from information received earlier, and the parameter/option can only have one value, the most recently received information is considered authoritative.
Thus, when the UE receives a new RA message, the UE will update the stored Link-MTU value with the received Link-MTU value. This may cause issues as following: (assuming in the description below that Link-MTU1 is provided from the L-GW and Link-MTU2 from the SGW):
Case 1: Link-MTU1 = Link-MTU2

There is no issue for this case since the UE will receive anyway correct Link-MTU value even when the UE doesn’t receive the value from the L-GW instead the SGW.

Case 2: Link-MTU1 > Link-MTU2

This case would lead an issue. Assuming that RA messages from the L-GW include Link-MTU1 (e.g. 1500) and RA messages from the SGW include Link-MTU2 (e.g. 1280), and the UE either receives Link-MTU1 via solicited RA firstly or sends no RS message, then receives Link-MTU2 via unsolicited RA from SGW, available Link-MTU value for UE’s LIPA communication is just Link-MTU2. This would trigger inefficient communication with more overhead due to IP headers between the UE and the L-GW over LIPA link.
Since the PMIP L-GW has no definite means other than via the solicited RA to inform Link-MTU1 even when it somehow knows smaller Link-MTU value is provided from SGW, such inefficient communication will be kept until the L-GW informs Link-MTU1 to the UE through the solicited RA procedure.

Case 3: Link-MTU1 < Link-MTU2

This case also would lead an issue. Assuming that the UE firstly receives Link-MTU1 (e.g. 1280) from the L-GW then Link-MTU2 (e.g. 1500) from the SGW, the UE uses Link-MTU2 to send user data via the L-GW. The L-GW would not receive such user data which exceeds Link-MTU1, then the L-GW would reply an ICMP message with “packet too big” error cause per the RFC4443 or perform packet fragmentation. This would trigger unnecessary signaling exchange between the UE and the L-GW which may interrupt user traffic, or creates a significant overhead as described in TS23.060 Annex C.
Summary: such confliction of Link-MTU values would degrade user benefit on LIPA communication, so that it should be solved and specified in appropriate places, e.g. TS23.402. We propose a possible solution in the next section.
4. Proposal

This section describes and evaluates possible solutions for the issue identified in the section 3. 
4.1 Solution for the section 3.1

The H(e)NB uses the Correlation ID to create the direct user data path for LIPA with the L-GW. In the PMIP case, this Correlation ID is the GRE key. Therefore, the L-GW can make use of the GRE key to identify the UE in the PMIP binding cache. In this case, the L-GW needs to make sure that the GRE key is unique for all the UEs in the PMIP binding cache (which is anyway required by PMIP operation in 3GPP).
Evaluation: There is not any issue other than the management of PMIP GRE key at L-GW and search of PMIP binging cache using GRE key. Some NOTES should be added to TS23.402 to clarify on the aspect on L-GW obtaining the address/prefix to be announced over the direct user data path..
4.2 Solution for the section 3.2
Solution A: H(e)NB solution (proposed at SA2#86)
H(e)NB drops all DL user data from SGW (e.g. with TEID allocated for LIPA bearer). This would make the UE only receiving one RA from the L-GW. 

In order not to affect paging operation for LIPA, it could have two different choices:

· Specify that H(e)NB allows DL user data from SGW when a UE is being paged; Or

· Specify that H(e)NB always discard DL user data from SGW regardless states, and the L-GW will buffer also the 1st data packets forwarded to the SGW for triggering paging and deliver it over the direct user data path.

Evaluation: Solution A does not have any major problem for collocated H(e)NB/L-GW (Rel-10), and the potential issue is that H(e)NB may not know the Correlation ID is for PMIP (GRE key). In this sense, the same behavior should be specified for both GTP and PMIP architecture, i.e. same changes shall apply to TS23.401 and TS23.402.
For the standalone L-GW case or mobility case, this behavior may not be suitable. Depending on the agreed mechanism, it should be reviewed again.
Solution B: CN solution
The L-GW and the SGW is hard configured to always use the minimum Link-MTU (i.e. 1280 byte).
Evaluation: There is a potential issue. The potential issue is the artificial reduction of the Link-MTU at L-GW would reduce the efficiency of the LIPA connection. 
For example, in case that a user accessing some contents from his/her home network the other end of the communication may be using a MTU size of 1500, as all the links in the home network support that. This would cause fragmentation on the L-GW. It would greatly reduce the efficiency.  

Also, hard configuring the parameter is not suitable for future extension. For example, if the SGW was upgraded later to support Link-MTU discovery, which decides larger MTU for the link, it would announce MTU larger than 1280 to the UE. In this case, the UE using a larger MTU sending data over the LIPA connection would cause the L-GW to perform fragmentation. 

Solution C: UE solution
UE ignores unsolicited RA messages in order not to use the RA message (i.e. Link-MTU2) from the SGW for its configuration. Some variants are considered as follows;
Solution C1:
UE sends a RS message every time after receiving unsolicited RA and configures the interface based on solicited RA instead of the unsolicited RA.
Evaluation: It’s not reasonable for all the UEs to be mandated to perform RA solicitation, e.g. in case of split UE.
Solution C2:
The L-GW informs RA message including necessary parameters (e.g. the Link-MTU1) to the UE during PDN connection establishment via NAS response using Protocol Configuration Option (PCO). The UE configures the interface using the RA message provided in the PCO instead of unsolicited RA.
Evaluation: PCO can be used as an operator implementation and IP packet filtering method in the UE may be utilized to drop received unsolicited RA messages on LIPA link. Thus, this solution would be beneficial since it could be installed with some software update (e.g. LTE USB driver).
5. Conclusion
For a solution to the issue in the section 3.1, the solution described in the section 4.1 can solve the issue. CR to add clarification in the TS23.402 would be drafted if the group agrees on the direction.

For a solution to the issue in the section 3.2, we would like to propose the solution A in Rel-10. For Rel-11, we would like to propose the solution C-2. And, relevant CRs would be drafted based on the conclusion.
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