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1. Introduction
In the last RAN plenary meeting (RAN#67), the Work Item: LTE-WLAN Radio Level Integration and Interworking Enhancement has been approved. The scope of the WI includes both interworking (also known as the Solution 3 in Rel-12 Study Item: 3GPP/WLAN Radio Interworking), and the integration/aggregation/carrier aggregation/CA, as the name of WI indicates.

For the integration, the following requirements are described in the WID [1]:

	…
2.
Specify solution for user plane aggregation at the PDCP layer based on Release-12 LTE Dual Connectivity allowing 
both per packet (i.e. per PDCP PDU as in Dual Connectivity split bearer) and per bearer offloading.


a.
For the case of per packet offloading, downlink should be specified with higher priority than uplink.
…


In this contribution, we discuss whether additional layer would be required between LTE PDCP and WLAN MAC layers.
2. Discussion
2.1 How to deliver WLAN packet to LTE stack
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Figure 1 Protocol architecture for (non-)collocated scenario
Figure 1 shows the possible protocol architecture for both collocated scenario (without gray-text stacks), and non-collocated scenario (with gray-text stacks) according to the WID [1]. In non-collocated scenario, it is assumed that PDCP PDU is delivered over GTP-U tunnel to the WLAN AP, but the details would be discussed in RAN3 from this August.
As shown in Figure 1, the LTE PDCP would be delivered over WLAN. When the packet (e.g. IP packet) is delivered over WLAN, it goes though LLC
/SNAP
 layer to indicate the type of upper layer protocol, as depicted in Figure 2. The values of 0xAA in both DSAP and SSAP fields of the LLC header, and the value of 0x03 in Control field of the LLC header indicate the following SNAP extension. In the SNAP header, the value of 0x000000 in OUI
 indicates that the following Protocol ID field is interpreted as EtherType field which is used in the Ethernet (i.e. wired LAN). The values of OUI and EtherType are managed by IEEE, and for instance, the value 0x0800 of EtherType is used to indicate the IPv4 PDU (as shown in Figure 2). 
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Figure 2 The format of WLAN PDU which carries IP packet
3GPP now considers delivering LTE (PDCP) packets (for one or multiple bearers) over WLAN. Then, the question is how the WLAN receiver distinguishes the packet from LTE, and delivers it to the LTE stack (e.g. PDCP) correctly.
It seems inevitable to request some changes in IEEE, and RAN2 should discuss how to deliver the LTE PDU over WLAN. There would be several ways to do it as listed below.

· To request IEEE to assign an OUI for 3GPP
· Within the assigned OUI, 3GPP may define its own Protocol IDs e.g. LTE PDCP.

· The packet is delivered based on the combination of OUI and Protocol ID.

· For instance, the values of LLC/SNAP header is set to:
[image: image3.emf]LLC/SNAP 

header

DSAP

(0xAA)

SSAP

(0xAA)

Control

(0x03)

OUI

(0xXXXXXX)

Protocol ID

(0xYYYY)

WLAN PHY 

header

WLAN MAC 

header

Payload (LTE PDU)


· To request IEEE to assign one or multiple value(s) for LTE (PDCP) PDU to EtherType.
· We reuse the same LLC/SNAP header for IP packet delivery, except Protocol ID (EtherType).
· For instance, the values of LLC/SNAP header is set to:
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The first approach would give more flexibility while the second approach would have less impact in the existing implementation. RAN2 should discuss which way to use for LTE-WLAN integration.
Proposal 1: RAN2 to discuss how to deliver LTE (PDCP) PDUs over WLAN. Possible options would be:

· To request IEEE to assign an OUI for 3GPP from reserved values from reserved values.
· To request IEEE to assign one or multiple value(s) for LTE (PDCP) PDU to EtherType from reserved values.

Furthermore, it should be noted that LTE PDCP header only contains PDCP SN, and does not carry any bearer identity information (which is provided in the LTE MAC layer, as a logical channel identity (LCID)). From the WID, we should also define how to deliver the packet to the corresponding "bearer" of the LTE stack. Following options would be considered to deliver the bearer identity over WLAN.

· To use (simplified) LTE MAC layer between LTE PDCP and WLAN MAC

· LTE MAC header only carries LCID (the Length field is not required).

· Possible format would be:
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· To update the LTE PDCP header (but not preferable)
· Updated LTE PDCP header includes eps-BearerIdentity or drb-Identity or LCID.
· Possible format would be:
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· To request IEEE to assign an OUI for 3GPP and use Protocol ID to distinguish the bearer, or
to request IEEE to assign multiple values for LTE (PDCP) PDU for EtherType. 
· Different value of Protocol ID (or EtherType) which is signalled by RRC would be mapped to a different bearer.

· Possible format would be:
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Proposal 2: RAN2 to discuss how to deliver LTE (PDCP) PDUs to corresponding bearer. Possible options would be:

· To use (simplified) LTE MAC layer between LTE PDCP and WLAN MAC (to include LCID)
· To update the LTE PDCP header (to include bearer identity)
· To request IEEE to assign an OUI for 3GPP and use multiple Protocol IDs, or
to request IEEE to assign multiple values of EtherType for LTE (PDCP) PDU (to distinguish the bearer). 
2.2 Size of PDCP SN

WLAN can provide very high throughput. For instance, (state-of-the-art) IEEE 802.11ac and IEEE 802.11ad can provide up to ~7 Gbps of the physical rate (in theory) from the specifications [2]

 REF _Ref416179719 \r \h 
[3], and they are now enhancing IEEE 802.11ac/ad further to IEEE 802.11ax/ay, respectively. 
Also, Ericsson proposes to extend the sequence numbers of MAC/RLC/PDCP to cope with higher throughput in Rel-12 (last October) [4]. 
	(R2-144472 from Ericsson)

2.3 PDCP 

Current PDCP supports PDCP SDUs of size up to 8188, which for DRBs corresponds to a maximum PDCP Data PDU size of 8190 octets.  However, typically the packets provided by higher layers are smaller, e.g. 1500 bytes. 

The PDCP Sequence Number comprises 15 bits, meaning that 32767/2 PDUs can be brought in flight. With an IP packet size of 1500 Byte this corresponds to ~25MByte. With an assumed PDCP RTT of 25 ms this limits the theoretical throughput to (25 MByte x 8 bit/byte / 0.025 s) = 7.8 GBit/s. In principle, the PDCP transmitter could bring more data in flight but this bears the risk of sequence number ambiguity. In normal operation this is not a problem as the RLC receiver ensures in-sequence delivery towards PDCP. However, during handovers the PDCP status report does not allow identifying a particular PDU unambiguously. This may cause loss of HFN synchronization and data loss resulting in poor performance. 


Also note that, we are discussing carrier aggregations of up to 32 carriers (eCA) and LAA in Rel-13. If we consider such number of carriers, ultimately LTE itself can provide very high throughput. Hence, PDCP SN should anyway be extended to accommodate higher throughput not only from LTE-WLAN integration but also from eCA and LAA.

Proposal 3: To update PDCP header to extend PDCP SN. Details are FFS.

3. Conclusion
Proposal 1: RAN2 to discuss how to deliver LTE (PDCP) PDUs over WLAN. Possible options would be:

· To request IEEE to assign an OUI for 3GPP

· To request IEEE to assign one or multiple value(s) for LTE (PDCP) PDU for EtherType.

Proposal 2: RAN2 to discuss how to deliver LTE (PDCP) PDUs to corresponding bearer. Possible options would be:

· To use (simplified) LTE MAC layer between LTE PDCP and WLAN MAC (to include LCID)
· To update the LTE PDCP header (to include bearer identity)
· To request IEEE to assign an OUI for 3GPP and use multiple Protocol IDs, or
to request IEEE to assign multiple values of EtherType for LTE (PDCP) PDU (to distinguish the bearer). 
Proposal 3: To update PDCP header to extend PDCP SN. Details are FFS.
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SN and L fields for High UE Category support; Ericsson; Disc
� LLC: Logical Link Control, defined in IEEE 802.2


� SNAP: Subnetwork Access Protocol, which is an extension of the 802.2 LLC 


� OUI: IEEE Organizationally Unique Identifier





