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1.  Introduction

In [1] the current SA2 working assumption of having the SAE bearer as the granularity of QoS control was questioned in terms of efficient QoS handling, and it was expressed that there is an interest to allow different packet/priority handling behaviour within one SAE bearer.
This document addresses the technical difficulties in realizing such QoS operation with the agreed L2 protocol architecture for LTE.
2. Discussion
2.1 Current SA2 working assumption
Figure 1 illustrates the current SA2 working assumption. An SAE bearer consists of 1 SAE access bearer and 1 SAE radio bearer, and there is a strict 1 to 1 relation between the access and radio bearers. Furthermore, within an SAE bearer, all incoming packets receive the same packet handling treatment. I.e. in order to distinguish QoS handling of different packets, separate access and radio bearers must be established.

[image: image1.emf]
Figure 1 – Current SA2 working assumption of an SAE bearer

2.2 Possible solutions to support multiple QoS within a SAE bearer
We consider the following alternatives which were raised during discussions in RAN2#53. Note that we focus on the DL for the rest of the discussion.

Alt-1 – Multiple SAE radio bearers within a SAE bearer. SAE radio bearer is the granularity of QoS control.

Alt-2 – 1 SAE radio bearer within a SAE bearer. Per packet priority handling within a SAE radio bearer at the eNB.
Alt-3 – 1 SAE radio bearer within a SAE bearer. Per packet priority handling within a SAE bearer at the aGW.
2.3 Alt-1
Figure 2 illustrates the concept of Alt-1. In Alt-1, establishment of multiple SAE radio bearers within 1 SAE bearer is allowed, and the granularity of QoS control would be the SAE radio bearer.
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Figure 2 – Illustration of Alt-1
However, it should be noted that with the current LTE L2 protocol architecture, the ciphering (PDCP) entity is terminated between aGW and UE, and if the ciphering/deciphering algorithm for UMTS is also adopted for LTE, then Alt-1 would have issues regarding HFN mismatch.
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Figure 3 – HFN mismatch due to eNB handling PDCP PDUs out of order
Figure 3 illustrates the possible HFN mismatch situation that could occur with Alt-1. The detailed description of the issue is as follows. Assuming that the security algorithm for LTE is the same as for UMTS, a PDCP SN will be inserted in the PDCP header for each PDCP PDU (IP packet). In addition, a HFN, which is not transmitted over the air but counted internally within aGW and UE, will be associated to each PDCP PDU. The HFN is incremented when the PDCP SN cycles once. For the decipherer (UE PDCP), it is easy to determine when the PDCP SN have cycled once in order to increment the HFN if the PDCP PDUs reach the decipherer in the order which the cipherer (aGW PDCP) handled the PDCP PDUs. However, this is not the case with Alt-1. With Alt-1, PDCP PDUs would reach the UE PDCP out of order due to priority handling at the eNB, and this could lead to HFN mismatch, resulting in non-decipherable packets.

Furthermore, the possibility of UE PDCP reordering of DL packets at inter-eNB handover should be considered. Although this has not been concluded yet, there are proposals in RAN2 to standardize UE PDCP reordering of DL packets at times of inter-eNB handover so that the target eNB can transmit PDCP PDUs routed directly from aGW to the UE before waiting for the data forwarding from source eNB to complete. In this case, since anyways the PDCP PDUs will be reordered at the UE, there is no use in prioritizing certain PDCP PDUs over others within a SAE bearer.
Conclusion: There are concerns with the HFN mismatch issue and the possible UE PDCP reordering during inter-eNB handover with Alt-1.
2.4 Alt-2

Figure 4 illustrates the concept of Alt-2. In Alt-1, the current SA2 working assumption is kept partially. I.e. 1 SAE bearer consists of 1 SAE access bearer and 1 SAE radio bearer which have strict 1 to 1 mapping. However, with Alt-2, multiple priorities are handled within the SAE radio bearer, and thus there is a finer than SAE bearer level granularity on QoS control.
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Figure 4 – Illustration of Alt-2
With Alt-2, as PDCP SN and HFN association is provided at aGW and priority handling is provided at eNB, the same issues identified for Alt-1 also remains. In addition, with Alt-2, since multiple priorities are handled within a single SAE radio bearer, the issue of UE RLC reordering is also present. With in-sequence delivery being a requirement for most types of application, Alt-2 does not seem to be effective.

Conclusion: Alt-2 is not effective as most types of applications require in-sequence delivery. Furthermore, the same concerns for Alt-1 also remain for Alt-2.

2.5 Alt-3

Figure 5 illustrates the concept of Alt-3. In Alt-3, the current SA2 working assumption is kept partially as in Alt-2. However, in Alt-3, multiple priorities are handled within the SAE bearer at aGW before allocating PDCP SNs. With this mechanism, the issues identified for Alt-1 and Alt-2 would not be an issue anymore.
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Figure 5 – Illustration of Alt-3
However, in order for Alt-3 to be effective, there needs to be some buffering of DL packets at aGW. Otherwise, priority handling cannot be performed unless data with different priorities exist at aGW at the exact same instance. This would incur additional U-plane packet transfer delay, and is not desirable especially considering that aGW does not know the available Uu bandwidth between eNB and UE.
Conclusion: Alt-3 avoids the issues raised for Alt-1 and Alt-2, but would incur additional U-plane packet transfer delay.
3. Conclusion
This contribution analyzed 3 alternate solutions to the current SA2 working assumption depicted in section 2.1. However, each of the solutions face technical issues considering the current LTE L2 protocol architecture.
Thus, as long as no technical reasons are brought forward that speak against the current SA2 working assumption or that favour an alternative solution, we propose to keep the current SA2 working assumption, i.e.:

· 1 SAE bearer consists of 1 SAE access bearer and 1 SAE radio bearer which have strict 1 to 1 mapping

· The level of granularity for QoS control is the SAE bearer
However, in order to allow operation with multiple QoS easy for the operators, it should be clear that the network and the UE should be ready to handle multiple SAE bearers per UE from the start. The number of SAE bearers that should be supported as a minimum should be defined in the standard (i.e. UE capability spec or Conformance testing spec).
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