3GPP TSG-RAN2 Meeting #91
R2-153513
Beijing, P.R.China, August 24 – 28, 2015

Agenda item:
7.6.2.2
Source: 
Intel Corporation
Title: 
User Plane Aspects of LWA
Document for:
Discussion and decision
1. Introduction
In this contribution, we discuss the remaining user plane protocol aspects of LTE/WLAN Aggregation (LWA).
2. Discussion
2.1 LWA protocol/adaptation 

According to the running CR in R2-152922 [2] RAN2 have agreed that
 “In LTE/WLAN aggregation, the UE may be configured with multiple bearers utilizing WLAN. A mechanism without WLAN MAC specification impact will be defined to allow the UE to differentiate PDCP PDUs which belong to different bearers.”
In accordance with the above agreement we propose to define a new protocol above 802.11 MAC and above LLC/SNAP to carry bearer identifier information. 

Proposal 1: to define a new protocol above 802.11 MAC and above LLC/SNAP to carry bearer identifier information.

The new protocol header is added by LWA adaptation entity, which could be implemented either within the eNB or in the WT. In order to stick to DC principles it is natural to assume that the adaptation entity is implemented in WT, however this should be discussed in RAN3.

Observation 1: RAN3 should discuss whether the LWA adaptation entity handling the LWA header addition is implemented in WT.

LWA protocol should carry the bearer identification information, which can be encoded as either logical channel id or DRB ID. The latter seems more natural choice, as logical channel id concept does not apply to WLAN. Therefore, it is proposed to define a new LWA protocol with one byte header including 5 bits for DRB ID and 3 reserved bits.
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Figure 1: LWA protocol
It is further proposed to discuss where to capture the description of the LWA adaptation protocol. One possible option is to define a new RAN2 specification. Alternatively, given that the changes are rather small, it may be better to capture these in one of the existing specifications, e.g. TS 36.323 [4].
Proposal 2: to discuss where to capture the description of the LWA adaptation protocol used on WLAN air interface on top of 802.11 and LCC/SNAP.

2.2 Ethertype

802.11 packets carry LCC/SNAP header in 802.11 payload, illustrated in the figure below:

[image: image2.emf]SNAP DSAP

0xAA

802.11 MAC header

SNAP SSAP

0xAA

00-00-00 EtherType

Payload


Ethertype is not part of 802.11 specification and is not assigned by AP or AC, but rather copied from ingress Ethernet packet header.

Note: for certain 802.11 related packets specific EtherTypes are already assigned. 
Examples of Ethertypes are 0x0800 for IPv4, 0x0806 for ARP, 0x86DD for IPv6. An Ethertype dedicated to PDCP can be easily used by the UE to differentiate between LWA and other received packets. One possibility is to use one of the existing or proprietary Ethertype values, however this may introduce confusion. Given that new Ethertype values are routinely allocated by the IEEE Registration Authority, it is therefore proposed to use a new Ethertype dedicated to PDCP PDU transfer and to request IEEE Registration Authority to allocate a new Ethertype.

Proposal 3: to use a new Ethertype for PDCP PDU transfer and to request IEEE Registration Authority to allocate a new Ethertype for PDCP.

2.3 PDCP Status Reporting

It has been agreed to define a flow control mechanism similar to DC X2-UP for LWA as per “A flow control mechanism is defined on Xw for the eNB to determine the amount of data to route towards the WT and to avoid that more than half the PDCP sequence number space is brought in flight.” in R2-152922 [2]. 
Additionally, RAN2 have discussed the possibility to use UE based feedback for the deployment scenario where network based feedback may not be available, as per “It is FFS whether the flow control feedback can also be provided by the UE.”If operators interested in LWA consider the above scenario important, it is proposed to define UE based feedback as well.

Proposal 4: to discuss whether to define a UE based feedback for the scenario when network based feedback/flow control is not available.

UE based feedback should be frequent (few tens of milliseconds), therefore we propose to use in-band signalling (i.e. PDCP) rather than RRC. One possibility is to re-use the existing PDCP status report message. The PDCP status report message contains the First missing PDCP SN (FMS) which can be used to ensure that only half the PDCP SN space is in flight. Additionally, it contains the bitmap of the missing PDCP PDUs. If only AM mode is supported, the eNB knowing which and how many PDCP PDUs have been lost on LTE, can use the bitmap to detect how many PDCP PDUs have been lost on WLAN and ultimately to estimate WLAN throughput, to adjust the LTE/WLAN split ratio. The disadvantage is that the bitmap is somewhat inefficient compared to possible alternatives, however the advantage is that it allows cross-RAT retransmissions. The only specification change would be to allow PDCP status report to be used during normal LWA operation and not only during handover.  

Alternatively, a new LWA-specific PDCP status report may be introduced, with more efficient encoding. One option is for the UE to signal the FMS and the number of lost PDCP PDUs. Given that the eNB knows how many PDCP PDUs have been lost on LTE, it can detect how many PDCP PDUs have been lost on WLAN and thus estimate the WLAN throughput. However, there is a cost as such optimized PDCP status report will not allow cross-RAT retransmissions.

LWA PDCP status report may be defined as illustrated below:
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Figure 2: Example of LWA PDCP Status Report
Proposal 5: to discuss whether to re-use the existing PDCP status report for LWA or to define a new LWA-specific PDCP status report message.
2.5 QoS

802.11 QoS model is very different from LTE. 802.11 [3] defines four Access Categories (ACs): background, best effort, video and voice. These ACs are characterized by different Contention Window (CW) sizes, arbitration inter-frame space number (AIFSN) and transmission opportunity (TXOP). Default values are illustrated in the figure below.
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Additionally, the 802.11 spec [3] allows to control the number of retransmissions through the following MIB variables: dot11LongRetryLimit (default value is 4) and dot11ShortRetryLimit (default value is 7). 
The first observation is that WLAN does not support GBR, however this limitation can be taken into account by eNB implementation and does not need to be taken into account in standardization.

For non-GBR bearers, TS 23.203 [4] defines QCIs with priority level, packet delay budget and packet error loss rate. If QCI of a bearer is communicated to the WT (similarly to what is done in DC), WT may take it into account to map LTE QoS parameters to WLAN QoS parameters listed above. 
Proposal 6: to communicate QCI parameters to WT for every bearer offloaded to WLAN.

Additionally, if ARP is communicated to WT (similarly to what is done for DC) it may take this information into account when admitting bearers.

Proposal 7: to communicate ARP to WT for every bearer offloaded to WLAN.

With that being said, we recognize that not all WLAN implementations may be able to support this functionality, therefore it is proposed to make QoS mapping functionality optional, so that the eNB knowing whether the WLAN supports QoS mapping or not may decide which bearers can be offloaded to WLAN.

Proposal 8: to make QoS mapping functionality optional.

2.6 Uplink
RAN2 have agreed to support uplink transmissions on LTE and handle uplink aggregation with lower priority. However, the question remains whether additional modes of uplink operation are needed, when considering non-split or switched bearers. 

When a downlink bearer is fully switched to WLAN, it may be beneficial to keep the uplink on LTE in order to reduce interference to other UEs on WLAN uplink. However, at least in the non-collocated scenarios, in certain cases the UE may be located much closer to the WLAN AP than to the LTE eNB, in which case it may be beneficial to move the uplink bearer to WLAN as well.
Proposal 9: to discuss whether to support uplink transmission on WLAN for switched bearers.

3. Conclusion and Proposals
It is proposed to agree the following:

Proposal 1: to define a new protocol above 802.11 MAC and above LLC/SNAP to carry bearer identifier information.

Proposal 2: to discuss where to capture the description of the LWA adaptation protocol used on WLAN air interface on top of 802.11 and LCC/SNAP.

Proposal 3: to use a new Ethertype for PDCP PDU transfer and to request IEEE Registration Authority to allocate a new Ethertype for PDCP.

Proposal 4: to discuss whether to define a UE based feedback for the scenario when network based feedback/flow control is not available.

Proposal 5: to discuss whether to re-use the existing PDCP status report for LWA or to define a new LWA-specific PDCP status report message.
Proposal 6: to communicate QCI parameters to WT for every bearer offloaded to WLAN.

Proposal 7: to communicate ARP to WT for every bearer offloaded to WLAN.

Proposal 8: to make QoS mapping functionality optional.

Proposal 9: to discuss whether to support uplink transmission on WLAN for switched bearers.
And to update the TS 36.300 stage-2 running CR accordingly.
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