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1. Introduction
In this contribution we address the remaining user plane issues for LWA.

2. Discussion

Sequence Number Signalling on Xw 

For Dual Connectivity, RAN3 have agreed to signal “Highest successfully delivered PDCP Sequence Number” in DL DATA DELIVERY STATUS message as defined in TS 36.425 [1]. For LWA, one option would be to go with the same approach, however this would impose additional requirements on WT and possibly on WLAN APs and ACs to parse PDCP. We think it would be beneficial not to force WLAN infrastructure vendors to implement 3GPP protocols when this can be easily avoided and therefore propose to use Xw sequence numbers instead of PDCP sequence numbers for Xw DL DATA DELIVERY STATUS message.
Proposal 1: to use Xw sequence numbers instead of PDCP sequence numbers for Xw DL DATA DELIVERY STATUS message.
If this is agreeable, Xw DL DATA DELIVERY STATUS message can be defined as follows:

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=1)
	Spare
	Final Frame Ind.
	Lost Packet Report
	1

	Highest successfully delivered Xw-U Sequence Number
	2

	Desired buffer size for the E-RAB
	4

	Minimum desired buffer size for the UE
	4

	Number of lost Xw-U Sequence Number ranges reported
	1

	Start of lost Xw-U Sequence Number range
	4* (Number of reported lost Xw-u SN ranges)

	End of lost Xw-U Sequence Number range 
	

	Spare extension
	0-4


Signalling for WLAN Data Rate  

Parameters such as “desired buffer size for the E-RAB” and “Minimum desired buffer size for the UE” are useful for the eNB to determine the rate at which it can send data to WT to be delivered to the UE. However, these are only rough indications. In order to implement efficient scheduling, in particular in order to decide on the appropriate split ratio between LTE and WLAN the eNB may need to know additional information. One such metric is the UE data rate information. The eNB already knows the UE data rate on LTE, if the eNB can obtain UE data rate on WLAN it can implement a more efficient scheduling. This information can be signalled in Xw DL DATA DELIVERY STATUS message. In fact, similar proposals have been made in the previous RAN3 meetings, suggesting to add this information to XwAP UE-associated signalling. However, we believe that Xw DL DATA DELIVERY STATUS message is better suited as it already used to transfer related information (buffer status). Moreover, it will limit the standardization impact as the proposal is to enhance an existing message rather than to define a new message.
Additional argument in favour of providing UE data rate on WLAN in addition to buffer status information is that, if we follow the DC approach, the buffer status calculation mechanism will not be fully specified. This leaves some ambiguity and may result in less efficient eNB scheduling implementations.
Proposal 2: to add UE data rate on WLAN to the Xw DL DATA DELIVERY STATUS message.
Exchange of Bearer Throughput Information on Xw
We note that additional metrics such as exchange of UE throughput history information between the WLAN and eNB schedulers are also beneficial in improving UE throughput performance, in particular the cell-edge throughput. This feature along with associated performance benefits was discussed in a prior contribution [4] (R3-151595), where it was shown that even providing the UE WLAN throughput history information to the eNB scheduler can substantially improve user throughput performance. 
Proposal 3:
to consider supporting exchange of UE throughput history information between the eNB and the WT. 
Per Bearer Signalling of Buffer Status 
As has been pointed out in the previous RAN3 meetings, Xw DL DATA DELIVERY STATUS carrying per bearer buffer status information may be hard to implement in certain LWA deployment scenarios. This is because current WLAN infrastructure do not have the notion of bearers and thus do not implement per-bearer buffers. It is likely that eventually WLAN APs and ACs will be upgraded to fully support LWA and such efficient implementations should not be precluded, i.e. Xw shall support per-bearer flow control as was previously agreed. However, it is very likely that at least in the initial LWA roll out WLAN infrastructure may not be able to provide this information. 

One option to compensate for this, as suggested in previous RAN3 meetings, is to provide per UE buffer status information on the Xw interface. We would like to point out that in order to implement an efficient scheduler, the eNB needs to have per-bearer feedback. Moreover, implementations can easily achieve the same effect with per-bearer signalling, but indicating the same value for all bearers. Therefore, we propose that Xw DL DATA DELIVERY STATUS message for LWA carries “desired buffer size for the E-RAB” and “Minimum desired buffer size for the UE” as in DC. However, we also believe that the problem described above shall be addressed. 
There is an alternative option which is currently being discussed in RAN2, to provide per-bearer feedback from the UE directly to the eNB. This option is more efficient in that it provides per-bearer information to the eNB, which the eNB can use when per-bearer flow control on the Xw interface is not available. Therefore, we propose that RAN3 sends an LS to RAN2, acknowledging the problem described above, asking them to provide a solution.

Proposal 4: to send a LS to RAN2, acknowledging that in certain deployment scenarios per-bearer flow control on the Xw interface may not be available.
Exchange of PDCP PDUs over Xw 
RAN3 so far have assumed that Xw-U is used to transfer PDCP PDUs. We would like to point out that there is an ongoing discussion in RAN2 on the topic of whether PDCP is enhanced to carry additional information for LWA (i.e. DRB ID) or a new protocol is defined to carry this information. If the latter is agreed, Xw-U interface should carry not PDCP PDUs but rather LWA PDUs (name is FFS). Therefore, it is proposed that RAN3 updates TS 36.424 and TS 36.425 specifications when RAN2 makes this decision.
Observation 1: it is currently under discussion in RAN2 whether the eNB sends enhanced PDCP PDUs or LWA PDUs on the Xw interface.
Proposal 5: to consider updating specification TS36.424 and T 36.425 when RAN2 decision on the user plane PDU type is available. 
Data Forwarding for LWA
For DC, RAN3 have agreed to support data forwarding during inter SeNB mobility. The same can be applied to LWA and can be beneficial, however we would like to point out that in many deployment scenarios actual buffers may be implemented not in WT itself, but in a separate node (e.g. the AP). This is different from DC, in which SeNB itself buffers packets. Therefore, if data forwarding for LWA is supported it may be less efficient than in DC, as some packets buffered in the AP will be lost anyway.

Proposal 6: to discuss whether to support data forwarding for LWA.

3. Proposals

Proposal 1: to use Xw sequence numbers instead of PDCP sequence numbers for Xw DL DATA DELIVERY STATUS message.
Proposal 2: to add UE data rate on WLAN to the Xw DL DATA DELIVERY STATUS message.
Proposal 3:
to consider supporting exchange of UE throughput history information between the eNB and the WT. 
Proposal 4: to send a LS to RAN2, acknowledging that in certain deployment scenarios per-bearer flow control on the Xw interface may not be available.
Proposal 5: to consider updating specification TS36.424 and T 36.425 when RAN2 decision on the user plane PDU type is available. 

Proposal 6: to discuss whether to support data forwarding for LWA.
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