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1.
Introduction
The Way Forward (R2-093973) provided by NTT was discussed in RAN2#66bis meeting. The following study related with C-plane includes:

Item C6:  Possible optimization

Describe possible optimizations, i.e. header compression, dynamic QoS, etc.
And the study related with U-plane includes ：

Item U6:  U-plane handling at RN handover
Describe how the U-plane data forwarding for UEs connected to the RN is handled in the proposed architecture alternative.
According to above items we discuss some L2 possible optimization of Un interface in the document.

2.
L2 possible optimizations
2.1
Problems
Problem 1： In the alt1~3, several UEs’ EPS bears are mapping to the same RN radio bear are sent over Un through GTP tunnel. The GTP/UDP/IP header adds 40 bytes to IP packet compared to Uu interface. However, the current ROHC defined by IETF only compress inner IP header, neither GTP/UDP/IP header nor “GTP/UDP/IP header + inner IP header”.  
Problem 2：During the type-I relay handover the in order delivery and duplication detection function of PDCP is utilized to guarantee no packet is missed or no packet is duplicated received at UE and DeNB. The sequence number of UE’s bear should be consecutive from UE communicating to one network node to another. So the joint PDCP sequence numbering of Un and Uu interface is necessary. Moreover, joint PDCP protocols on Uu and Un interfaces can also reduce type-I relay handover data forwarding amount 4．[2]. But alt1~3 can not support joint PDCP management for UE’s EPS bears are multiplexed at GTP-U. The PDCP can not distinguish different UEs’ bears.
Problem 3：In the alt1 and alt3 where S1 terminates at RN, at the downlink direction, DeNB will map RN’s GTP tunnel of IP address to Un radio bear. DeNB doesn’t maintain PDP context and QCI information of UE’s GTP tunnel. So DeNB can not distinguish UE’s bear or make QoS scheduling according to QCI information of different UE’s bear. At the uplink direction, the RN maps the Uu radio bear to UE’s GTP tunnel bear. The RN maintains the QCI information of UE’s GTP tunnel and RN can distinguish different UE EPS bear at GTP-U. 
2.2 Analyze
To solve the problem 2 & 3, PDCP protocol shall be proposed to differentiate UEs’ bears mapped to the same DRB on Un. And under the alt1, DeNB shall obtain QCI of UE’s GTP bear. We consider introducing a kind of identity of UE’s bear on Un interface to uniquely identify a bear mapped to a specific DRB. The one-to-one mapping between the L2 identity and the UE’s GTP TEID should be set when a new service of UE is initiated. According to different alternatives, we can educe following procedures to introduce the L2 identity to PDCP:
Under the alt1,3, after UE’s S1 bear has been set between RN and UE’s MME, RN send the QCI and GTP TEID of the S1 tunnel bear associated to the service to DeNB by Un DRB Reconfig Request message. The DeNB will make a decision to map the S1 bear to a specific DRB and allocate a L2 identity called UE RB ID to the S1 bear. Then the DeNB response with the Un DRB Reconfig Response message to notify RN the UE RB ID mapping to the RN’s DRB and the UE’s GTP-TEID.
Under the alt2, when the DeNB receive the S1 bear setup message(S1AP message) from UE’s MME, the DeNB will determine which RN’s DRB the new S1 bear mapping to and modify the QCI of the DRB. The DeNB will allocate UE RB ID and GTP TEID of  the new S1 bear on Un interface. Then the DeNB send a Un DRB Recofig message informing the mapping between UE RB ID and GTP-TEID besides the mapping between  UE RB ID and Un DRB.  
The DeNB or RN transfer the GTP-TEID in GTP-U header of IP packet to UE RB ID and add it to PDCP header. By doing that the service data is multiplexed by PDCP header and PDCP entity can differentiate UEs’ EPS bears on the same Un DRB. Figure 1 gives the new PDCP data PDU structure of U-plane. It has no infect on MAC/RLC layer, which can only recognize DRB identity/multiplex DRBs. 
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For the PDCP header compression function can deal with TNL protocol header and compress it to relative fewer overhead on radio interface, the UE RB ID can be considered as compression value of GTP-TEID in GTP-U header. The header compression function of PDCP entity looks into GTP-U header of  “outer IP tunnel header” and transfer GTP-TEID field to UE RB ID and add it to PDCP header. Then it compresses remaining TNL protocol header, which is denoted as “outer IP tunnel header” and “inner IP header”. We propose that “outer IP tunnel header” and “inner IP header” are compressed separately by PDCP header compression function. If the Uu IP header compression uses the same algorithm as “inner IP header” compression, the RN can neglect “inner IP header” compression or decompression. Because the “inner IP header” is actual deal by the UE and the DeNB and the RN doesn’t modify or use it. The current ROHC provide the compression algorithm for Uu IP header. So we propose that PDCP header compression use the same ROHC algorithm to compress “inner IP header” so that RN need only to deal with “outer IP tunnel header” compression or decompression.
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Figure 2 New service initiation procedure in LTE-A(alt11,3)
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Figure 3 New service initiation procedure in LTE-A(alt12)4．[6]
2.3 optimization method

According to above analyzation, the document improve follow optimization of PDCP entity of DRB of R8 to be used as PDCP entity of DRB of Un under alt1~3.
The new PDCP entity structure in DeNB on Un is illustrated by Figure 4, which contains two main function modules called Header Compression and Schedule/Flow Control and many entities of UE RBs each dealing with the UE’s EPS bear mapping to the DRB. The IP data first is sent to Header Compression module to compress “inner IP header” and “outer IP tunnel header”. The Header Compression transfers GTP-TEID of each IP data to UE RB ID and sends it to relative PDCP entity of UE RB. The entity of UE RB contains 3 modules, which are Sequence Numbering, Ciphering and Add PDCP header.  The Sequence Numbering module numbers the PDCP SDU of the specific UE’s EPS bear. The parameters that are required by the Ciphering module are UE RB ID and COUNT of that UE RB and etc.  
The receiving PDCP entity structure in DeNB on Un contains two function modules of DRB called Header Decompression and Remove PDCP header and many receiving entities of UE RBs each dealing with the UE’s EPS bear mapping to the DRB as Figure 5. The received PDCP PDUs first are removed PDCP header to get the UE RB ID and SN. Then they are sent to relative PDCP entity of UE RB according to the UE RB ID. The modules in the entity of UE RB are In order delivery and duplication detection and Deciphering.
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Figure 4 Transmitting PDCP entity of DRB in DeNB on Un(U-plane)
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Figure 5 Receiving PDCP entity of DRB in DeNB on Un(U-plane)
The transmitting/receiving PDCP entity in RN on Un are the same as that in DeNB as Figure 6/7 shows, except that Header Compression module or Header Decompression module only deal with “outer IP tunnel header”. The Sequence Numbering module of transmitting PDCP entity in RN on Un can be neglected for reuse the SN set by UE’s PDCP entity. 
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Figure 6 Transmitting PDCP entity of DRB in RN  on Un(U-plane)
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Figure 7 Receiving PDCP entity of DRB in RN on Un(U-plane)
As the joint PDCP sequence numbering of Un and Uu interface and inner IP packets are transparent to RN, the transmitting/receiving PDCP entity in RN on Uu are without Header Compression/Header Decompression module and Sequence Numbering module respectively. 
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Figure 8 Transmitting/Receiving PDCP entity in RN on Uu(U-plane)
3.
Conclusion
In this document, we further analyze the L2 optimization of Un interface about alt1~alt3 candidates for LTE-A type I relays. We summarize below the conclusion:
Proposal 1:  A new kind of identity should be introduced to PDCP of Un interface to uniquely identify a UE’s bear carried by a specific DRB on Un. The mapping between the new identity and the GTP-TEID of UE’s EPS bear should be setup when a new service is initiated.
Proposal 2: PDCP of Un interface should be able to multiplexes IP packets of multiple UEs’ EPS bears by adding a UE RB ID field in PDCP header.
Proposal 3: The Un TNL protocol header which is insist of “Inner IP header” and “Outer IP tunnel header” should be compressed separately by PDCP of DeNB. GTP-TEID of GTP header of “Outer IP tunnel header” is compressed (or transfered) to UE RB ID. And the compression algorithm of “Inner IP header” on Un and Uu interfaces should be the same so that RN only need to deal with “Outer IP tunnel header” compression.
Proposal 4: The PDCP entity of DRB on Un interface contains several entities of UE RBs each dealing with the RB mapping to the DRB to facilitate the joint PDCP numbering on Un and Uu interfaces.
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