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1. Introduction
The termination point of the different protocols (S1, X2, GTP-U, SCTP/IP, UDP/IP) when Type I relay nodes (RN) [1] are inserted in LTE-A networks was discussed in RAN3#64bis and RAN3#65 meetings. Four options, denoted Alt.1/2/3/4, are being considered as described in [2]. One commonality across the four options is that S1-AP terminates at the RN, which was agreed in RAN3#65 meeting. However, unlike Alt.1 and Alt.3 for which the DeNB is fully transparent to the S1-AP protocol between RN and RN-MME, Alt.2 and Alt.4 allow the DeNB to intercept/interpret the S1-AP messages. One major difference between Alt.1, 2, 3 and Alt.4 resides in the way S1-AP messages are carried and multiplexed on Un. This multiplex is handled at L3 through the S1-U interface for the first three options while it is handled at L2 through RRC SRBs for the latter. This contribution elaborates on the differences between the architecture options with respect to S1-MME termination.
2. Multiplexing on Un
For Alt. 1 & 3, the multiplex of S1-AP messages on Un is very similar to the S1-U multiplex [4]: as illustrated in Figure 1 the UE’s S1-AP messages are multiplexed onto RN’s EPS bearers through a several-to-one mapping by encapsulating the SCTP/IP packets in GTP tunnels. As in Rel8 LTE specification, which allows differentiating on Uu the QoS of RRC messages including NAS information with different priority levels through 2 SRBs, it is expected that NAS messages with similar QoS are mapped to the same RN EPS bearer. The multiplex is formed in the RN-S/PGW where it is assumed that the RN bearer type is indicated as a Diffserv codepoint (DSCP) in the DS field of the IP header of the SCTP/IP packet sent by the UE-MME. In other words, the UE-MME has to set the DS field of the IP header of the SCTP/IP packet according to the RN bearer it wants to map it on. This might have several impacts such as:

· RN MME consistently configures all UE-MMEs to set their DSCP according to a pre-defined several-to-one mapping of S1-AP messages onto RN’s EPS bearers; or
· All UE-MMEs are RN agnostic and set their DSCP independently of each other. In current systems, the DSCP is already there in the IP header of GTP tunnels, as well as in the SCTP/IP header. It is not used by the eNB which terminates the S1-AP anyway and maps the NAS message on RRC SRBs based on UE context Ids. However it might be used on the backhaul (be it a legacy TDM or Ethernet) when routing the packet to its destination. Therefore different MMEs may generate different DSCPs and the QoS control in the several-to-one mapping at the RN’s PGW might not be consistent across UEs.
From the above it appears that either some modifications are needed in the EPC or QoS control is not consistent in EPS, or both. This issue motivated an LS [3] from RAN2/3 to SA2/CT1 and Alt.1/3 impact on legacy EPC is pending SA2/CT1 answer.
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Figure 1: DL C-plane packet routing - Alt.1/3

For Alt. 2, the S1-AP signaling is going via the DeNB which acts as a S1/X2 proxy: it translates the UE IDs between the two interfaces by means of modifying the S1-AP UE IDs in the message but leaving other parts of the message unchanged. It also derives from the UE Id and UE context Ids on which RN’s RB to map the message on Un (Figure 2 - left).
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Figure 2: DL C-plane packet routing - Alt.2 (left) – Alt.4 (right)
In Alt. 4, the SCTP/IP protocol is terminated at the DeNB and the S1/X2-AP messages are carried by RRC on SRBs with integrity protection (Figure 2 - right). DeNB provisions as many Un’s SRBs to support 1-1 mapping with UE’s signaling bearers. Extending the current 5-bit LCID to only 2 bytes would be sufficient to address 65536 bearers under the RN.
3. Discussion
Alt.1/2/3: Un reuses legacy DRB capacity supported for Uu: eight DRBs. Since S1-AP messages are mapped on Un in the same way as user plane data, both S1-U and S1-C packets have to share only eight different QoS levels. Given S1-U should in principle accommodate nine QCI levels, it looks improbable to guarantee on Un the multiple QoS levels available through SRB1 and SRB2 to NAS messages on Uu.
Another consequence of this L3 multiplex is that RN terminates the SCTP/IP protocol stack and SCTP/IP headers are sent over Un to mux/demux the different UE’s EPS bearers mapped onto the same RN’s DRB. The SCTP/IP header adds 28 bytes to the S1-AP packet which may represent up to 100% overhead given the typical small size of S1-AP messages. Since Alt.1/2/3 proponents do not recommend implementing any header compression on S1-MME communications [5], this 28-byte overhead per packet is to be compared with the 2-byte LCID field of Alt. 4. In addition, the RN is required to implement the SCTP/IP protocol stack on top of legacy L2 stack, although its only function in this context is to mux/demux the UEs’ signaling bearers on Un, which is a function already provided by the L2 stack. Finally, S1-related messages are carried over U-plane, hence are not integrity protected anymore, compared to legacy IPsec-based backhaul systems and Uu. In summary, terminating the SCTP/IP at RN:
· does not provide the QoS levels available in legacy systems

· is inefficient as it generates a large overhead (28 bytes/packet) translating into wasted radio resources
· is useless as L2 stack already has all components to implement this multiplex in an optimal manner

· does not provide the security features of legacy systems
· increases the RN processing requirements, so complexity and cost.
In conclusion, an SCTP/IP-based multiplexing scheme on Un ends-up being an inappropriate approach not achieving the efficiency of a simple and straightforward L2 multiplex of Alt. 4.
4. Alt.1/3 specifics
In this section we further address issues associated with the transparent DeNB of Alt.1&3.

4.1. RN mobility

In case of handing over a RN to a target eNB, the RN is seen as another UE under DeNB and only the context of RN bearers is provided by DeNB to the target eNB. Hence, in its admission control process, the target eNB can only perform a per RN (or Un) bearer selection in case of limited radio resource, instead of a per UE bearer selection. It should be noted though that RN mobility is seen attractive in support of group mobility [6], e.g. RN on a train. Both the handover procedure and the physical layer of Rel 8 LTE are already dimensioned to support a moving group of UEs, with the possibility for the target eNB to perform per UE bearer selection. As a result, RN mobility with Alt1/3, although an LTE-A feature, would actually result in performance degradation instead of improvement of the handover procedure compared to Rel8 LTE.
In addition, with Alt.3, RN’s S/PGW is integrated in DeNB. Therefore when RN handovers, it also changes its S/PGW, so the RN will get a new IP address and the IP layer connectivity should be re-established
, thus further increasing the handover delay.
4.2. Admission Control

As further elaborated in [7], in order to admit or reject the establishment requests for new radio bearers, Radio Admission Control (RAC) must be implemented by the coordination of both DeNB and RN, for it involves both backhaul link and access link resources. For Alt1&3, since UE bearer establishments travel transparently through the DeNB, only the RN can check with its DeNB whether DeNB can accept more traffic on the appropriate Un’s radio bearer. In current description of UE bearer setup, (Figure 4.2.3.1-1 of [2]) this could only happen after RN receives the NAS attach accept, although with Alt.2/4, the DeNB can check as soon as receiving either the NAS attach request via RN or the NAS attach accept from UE-MME if it has enough resource on Un to handle the UE’s bearer. Even when DeNB performs RAC only upon NAS attach accept from UE-MME, Alt2&4 avoid unnecessary messages going back and forth from RN to DeNB.
5. Conclusions

In this document, we further review the S1-MME termination candidates for LTE-A Type I relays. We conclude that SCTP/IP protocol termination at RN (Alt.1/2/3) which main benefit of claimed seamless insertion in Rel8 LTE networks is pending confirmation by SA2/CT1:
· does not provide the QoS levels available in legacy systems,

· is inefficient as it generates a large overhead (28 bytes/packet) translating into wasted radio resources,

· is useless as L2 stack already has all components to implement this multiplex in an optimal manner,

· does not provide the security features of legacy systems,

· increases the RN processing requirements, so complexity and cost.

We further pointed to some Alt.1/3 specific issues related to Radio Access Control and RN mobility. On the contrary, when terminating the SCTP/IP protocol at the DeNB (Alt. 4) the S1-AP messages are carried by RRC on SRBs with only 2-byte overhead per packet and integrity protection. DeNB provisions as many Un’s SRBs to support 1-1 mapping with UE’s signaling bearers which only requires extending the current 5-bit LCID to 2 bytes. As a result, we ask RAN3 to agree on the following proposals as the way forward:

Proposal 1: SCTP/IP terminates at DeNB
Proposal 2: S1-AP messages are carried by RRC and are multiplexed on Un at L2
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