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1 Introduction

In RAN2#90 and in RAN2#91 user plane architecture aspects of LTE-WLAN aggregation were discussed and following agreements were reached:
Agreements RAN2#90
1
We define a DC-like UP interface (GTP-U) between the eNB and the WT 

2
LTE-WLAN aggregation, flow control runs between WT and eNB. 

4
For 3C-mode LTE-WLAN aggregation, the Rel-12 PDCP reordering behaviour is adopted
Agreements RAN2#91
1
The bearer ID is added by the eNB 
2
The bearer ID is placed into a separate header 

The running CR [1] attempts to capture these agreements and as the details of the “separate header” have not been discussed, there is an FFS on LWA adaptation layer details and location. 
In this contribution, we will discuss further details on the open issues on the use of a separate header that shall include the bearer ID.

2 Architecture and protocol aspects
2.1 Overview of protocols

As per WID objectives [2], the protocol architecture for LTE-WLAN aggregation (LWA) should be based on Release-12 LTE Dual Connectivity solutions 2C and 3C. Figure 1 shows architecture option 3C as envisaged in the WID. Option 3C resembles the Rel-12 dual connectivity split bearer architecture, where the WLAN termination (WT) takes the role of the secondary eNB. In option 2C, which is also mentioned in the WID and is implicitly included in the figure, there would be no split/aggregation at the PDCP layer, i.e. all data would be routed via WLAN. For both options, new functionality is needed in order to adapt PDCP packets to be transported by WLAN. Such new functionality related to the adaptation of PDCP packets is illustrated by PDCP* in Figure 1. 
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Figure 1: LTE-WLAN aggregation architecture based on Rel-12 Dual Connectivity solution 3C.

Furthermore, it is assumed that a GTP-U tunnel is established per UE between eNB and WT and that e.g. flow control feedback would come from the WT to the eNB as per agreements from last meeting. 
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Figure 2:  Bearer differentiation in PDCP and packet type differentiation in WLAN module. The figure is applicable to both eNB+WT (with Xw in-between) and UE (no Xw). 
2.2 PDCP

In LTE-WLAN aggregation the UE should – as per agreement – support configuration of multiple bearers utilizing WLAN. In LTE, a logical channel identifier is used and assigned by MAC to transport blocks, so that the corresponding logical channel, i.e. the corresponding RLC entity, can be identified at the receiver side. Analogous functionality can be introduced in the PDCP layer when sending PDCP PDUs via WLAN. If multiple bearers are setup for the UE in the downlink, the UE receiver has to assign the PDCP PDUs received from WLAN to the corresponding bearer, i.e. to the corresponding PDCP entity as depicted in Figure 2. At the RAN2#91 meeting, it had been agreed that a separate header should be used to include the bearer ID, and that the bearer ID is added by the eNB. It seems beneficial to specify this new behaviour for the PDCP layer, i.e. within the PDCP specification. However even if specified in the PDCP specification, this does not mean that the functionality would be performed by a legacy (per-bearer) PDCP entity, rather it would be a logical function which is specified in the PDCP specification. So even if it will not be a legacy PDCP entity performing this functionality we believe it is still suitable to specify such an entity in the PDCP specification since it is tightly coupled with PDCP. The alternative to introduce a new specification for this functionality seems not necessary.

Proposal 1 Specify PDCP bearer addition for LWA as a separate logical function in the PDCP TS.

Each PDCP entity, which corresponds to one data radio bearer (DRB), can add its legacy PDCP header. In a PDCP sublayer providing this new function, referred to as PDCP LWA (DE)MUX, the bearer ID will be added in a separate header, "PDCP LWA header" in Figure 3 below. The PDCP sublayer multiplexes the PDCP PDUs from the PDCP entities of the LWA bearers, and forwards them the WLAN MAC entity.
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Figure 3:  New PDCP LWA header in PDCP* layer
The function in the PDCP layer could in principle encapsulate any existing PDCP Data PDU format by one octet. According to the discussion in [3] for DC, it can be assumed that PDCP Data PDU format for DRBs using a 15 bit SN will be used. Therefore, we propose to
Proposal 2 Add a PDCP LWA header consisting of one octet to include the bearer ID to any existing PDCP Data PDU format. 

The PDU including the PDCP LWA header could be named as LWA PDU. 
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Figure 4: New PDCP LWA Data PDU encapsulating existing PDCP Data PDU format
Not all bits of the extra octet need to be used for the bearer identification. However, it is FFS how many bits shall be used for the bearer ID. This depends on the number of bearers that shall be simultaneously supported. In LTE, MAC uses 5 bits for the LCID field, however, only 10 values are used for identifying the logical channel on DL-SCH, while the other values are used for other purposes, such as control or padding. Therefore, it seems 4 bits for the bearer identification would be sufficient, while the remaining bits can be reserved for future purposes. One possible PDCP Data PDU format is shown in Figure 4, which shows as an example the PDCP Data PDU format for DRBs using a 15 bit SN. Note that any PDCP PDU format could be encapsulated.
Proposal 3 Use 4 bits in the PDCP LWA header for the bearer ID and reserve the remaining bits for future use.

At the receiver side, the LWA adaptation function within the PDCP layer consists of a demultiplexer, which will use the bearer IDs to select the PDCP entity corresponding to that bearer. The demultiplexer will remove the PDCP LWA header and forward the legacy PDCP PDU to the identified (per bearer) PDCP entity.
It is noteworthy that the extended LWA PDCP PDU is only required for sending PDCP PDUs via WLAN to the UE. Including the bearer ID, i.e. using the extended LWA PDCP PDU, also when sending via the LTE link, would be redundant, as this information is already available from the LCID field in LTE MAC. 
3 Conclusion
Based on the discussion in the previous sections we make the following proposals:
Proposal 1
Specify PDCP bearer addition for LWA as a separate logical function in the PDCP TS.
Proposal 2
Add a PDCP LWA header consisting of one octet to include the bearer ID to any existing PDCP Data PDU format.
Proposal 3
Use 4 bits in the PDCP LWA header for the bearer ID and reserve the remaining bits for future use.
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