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1. Introduction
[bookmark: _Toc352077766]This contribution contains the results of the following email discussion:
[91bis#20][LTE/WiFi] UE feedback (Intel)
-	Discussion to address whether it is supported and, if so, how it is defined.
-	Intended outcome: Email discussion report to next meeting

RAN3 have a working assumption to define per bearer flow control on the Xw-u interface, see [1]. However, during the RAN2#91bis and previous meetings number of companies raised concerns in RAN2 and RAN3 that implementing per bearer network flow control may require significant changes to the WLAN infrastructure, that currently do not have the notion of bearers and/or which may have transmit buffers in a physical node different from WT, e.g. AP when WT is integrated with AC. These companies proposed to define UE feedback, based on existing or optimized for LWA PDCP Status Reporting, to be used when Xw feedback/flow control is not available. Such feedback can be used by the eNB to control the amount of data sent via WLAN and to prevent HFN de-sync. 
However, some other companies argued that UE based feedback would be less efficient as it consumes radio resources. Additionally, these companies pointed out that UE based feedback cannot provide instantaneous buffer status information in the WT.
UE feedback has been discussed e.g. in the following contributions: [2]-[8].
In this email discussion companies are requested to provide their views with regards to whether UE based feedback shall be standardized by RAN2. Additionally, companies are asked to discuss the details of how such feedback might be defined, if RAN2 agree to do so.
2. Discussion
Companies are requested to provide their view on the questions below.
	1.Should RAN2 define UE based feedback, in addition to network based feedback/flow control on the Xw interface? 

	Company
	Answer

	InterDigital
	Yes. In some deployments, it might not be possible to support WT based flow control on the Xw interface.

	Ericsson
	No. For LWA the Xw interface is mandatory, and theWT based feedback/flow control information is provided via that interface. Therefore, alternative UE based feedback is not required. It is unclear in which LWA deployments/occasions possible additional UE based feedback would be beneficial.
It is feasible that the WLAN infrastructure supporting LWA maintains the notion of bearers, i.e. a mapping from bearerId/PDCP SN to/from sent/acknowledged data in WLAN. Also providing e.g. acknowledgements of successful transmissions within the WT (e.g. APs to AC) does not require hardware changes or is not seen as a complicated function.

	OPPO
	No. Agree with Ericsson. Considering the case is quite similar as dual connectivity that interaction between eNB and WT is necessary, the Xw interface could not be missed. Therefore, Xw based flow control is sufficient.

	Huawei, HiSilicon
	No, for the same reasons like expressed by Ericsson.

	LG
	No. Agree with Ericsson. Moreover, deviating from DC PDCP operation would cause complicated UE implementation and unexpected problems.

	MediaTek
	Yes.
An Xw-U interface based on Release 12 DC principles entails significant complexity for WT implementation,and may requireconsiderable enhancements to current WLAN APs as detailed in our previous contribution (R2-154838). In particular, WLAN APs may need to inspect PDCP headers (for SN information), keep track of success/failure of LWA PDCPpacket transmissions, and provide related reports to the WT. UE based flow control may also be preferred over Xw based flow control due to latency considerations (in deployments where the eNB and WT are connected over non-ideal backhaul). 

	ZTE
	No.
We do not see big issuesto implement Xw based flow control for LWA capable AC/APs. Also the mechanism and performances of Xw based flow control is deemed more reliable.

	Vodafone
	I would support if we could standardise it.

	Qualcomm
	Yes. The flow control on Xw will be optional and we need a fall-back mechanism when it can’t be supported over Xw. Some WTs may not provide this feedback at all, especially in early deployments. As also discussed in RAN3, per bearer feedback from WT may not feasible due to different buffering at WLAN (e.g. per Access Class). For such WTs, if per bearer FC is standardized as the only option over Xw, the WT may have to provide a less efficient feedback, for example by dividing all buffer size by the number of bearers. In that case, UE feedback can complement the WT one. The PDCP Status Report is already being used and the feedback here will be just getting the same or condensed report; therefore the impact on eNB implementation will also be very minimal.

	TCL Communication Ltd.
	Yes, UE based feedback should be defined. It is easier to implement the feedback in the UE than in the WT/AC/AP where more than one entities would be impacted.
For the Bearer Switch case, the WT/AC/AP might not able to handle the per bearer Flow Control feedback.
For the Bearer Split case, the WT/AC/AP might not able to cover the full set of Release 12 Dual Connectivity features related to Flow Control like:
* in-sequence delivery feedback, 
* per bearer FC feedback, 
* per bearer desired buffer size information at the WT/AC,
* minimum desired buffer size information at the WT/AC.
Also timely feedback from the AC/AP to WT and/or from WT to eNB might not be fulfilled.

	Sequans Communications
	Yes. Xw based flow control may not be available/efficient in some deployments scenarios.

	CATT
	Yes, it is reasonable as in some cases the parameters used for flow control may not be obtained over Xw due to WLAN implementations.

	IPCom
	Yes, we need UE based feedback, because network based feedback/flow control on the Xw interface might not be possible in all cases (cf. MediaTek comment above).

	Nokia Networks
	Yes. Within some WLAN deployments, UE feedback minimizes the number of entities with requirements for the feedback, as well as the number of interfaces and hence delay traversed by the feedback.

	Broadcom Corporation
	Yes. 

	Intel Corporation
	Yes. 
We believe that UE based feedback shall be supported as a fallback mechanism for the case when certain Xw functionality (e.g. flow control) may not be supported, which may happen in the initial phase of LWA roll out.

	KT Corp.
	Yes.
We think it would be useful for operator, if it could be standardized.

	China Telecom
	Yes. We think it’s necessary to have the UE based feedback mechanism. Firstly, we also think the flow control over Xw will be optional and some fall-back solution, e.g. UE based feedback, is necessary. Secondly, as an operator, we also worry about the possible compatibility issue between different LTE network vendors and WT/AP vendors on the Xw interface, and we believe the UE based feedback is more reliable.

	Fujitsu
	Yes.
The UE feedback is useful when Xw FC is not available due to WLAN implementation. One of the candidates PDCP SR is already available from the Rel-8 and we would consider simple modifications/enhancements.

	Alcatel-Lucent
	Yes.
For widest possible applicability of LWA, particularly those supporting limited Xw functionality.

	KDDI
	Yes.
We think it’s necessary to have the UE based feedback mechanism. Especially, regarding early legacy WLAN, some WTs may not provide this feedback at all. This is because legacy AP/AC may not have sufficient hardware resources to introduce Xw based feedback compared to eNB. Legacy AC has already accommodated many APs, therefore UE feedback might not be feasible. On the other hand, legacy AP has only small hardware resources from the beginning.

	BlackBerry
	Yes, As mentioned above by other companies, UE based feedback reduces the requirements on interfaces between eNB and WLAN and makes it easier to deploy this feature initially.  

	Samsung
	No

We consider all arguments of “no” supporters above valid.

	NEC
	Yes
Agree to have UE based feedback as Xw may not be feasible in all deployments or WT may not have information required for flow control

	ITRI
	Yes. UE based feedback can be an alternative if the flow control on Xw is optional.

	Cisco
	Yes. The flow control may not be supported in some Xw deployments.

	2. If UE based feedback is defined, should it be optional?

	Company
	Answer

	InterDigital
	Yes. 
- Reporting may be configurable depending on the deployment. 
-Mandatorysupport for UE supporting LWA feature in order to support/allow deployments where WT based flow control on the Xwis not possible.

	MediaTek
	Yes. 
All UEs supporting the LWA feature should support UE based feedback. However the use of such feedback should be configurable by the eNB.

	Vodafone
	If we standardise one, it should be mandatory from UE point of view

	Qualcomm
	Yes. It should be mandatory for the UE but optional for the network, which may not need to enable it based on availability of Xw feedback.

	TCL Communication Ltd.
	Yes, if UE based feedback be defined, it would be optional to account for the various WLAN deployments options.

	Sequans Communications
	Yes

	CATT
	Yes

	IPCom
	Same view as Qualcomm.

	Nokia Networks
	No. It should be conditionally mandatory to a UE supporting LWA. However, the use of the UE feedback should be configured by the network.

	Broadcom Corporation
	Yes

	Intel Corporation
	Agree with Qualcomm, Nokia and others – UE feedback shall be conditionally mandatory for the UE supporting LWA (that is, all Ues supporting LWA shall support UE feedback). However, the eNB shall have the capability to trigger or not to trigger the UE feedback.

	KT Corp.
	Agree with Qualcomm

	China Telecom
	Yes. Agree with Qualcomm

	Fujitsu
	Yes.

	Alcatel-Lucent
	Yes
Mandatory for UE, Configurable by Network.

	KDDI
	Yes. Mandatory for UE, Configurable by network.

	BlackBerry
	Conditionally mandatory as per the comments above is sufficient. 

	NEC
	It should be configurable from the eNB. From UE point of view, it should be conditional mandatory to support it.

	ITRI
	Yes. UE supporting R13 LWA shall support UE based feedback, but it is configured by the network.

	Cisco Systems
	It should be mandatory for UE to support but optional for network to configure it.



	3. If UE based feedback is defined, should it be done at PDCP or other (e.g. RRC) layer?

	Company
	Answer

	InterDigital
	PDCP layer

	MediaTek
	PDCP layer seems to the most appropriate place, as many current proposals envisage the use of existing PDCP status reporting.
Using RRC signalling would give feedback higher priority than any data. There does not seem to be any clear benefit for doing so.

	Vodafone
	PDCP Layer

	Qualcomm
	PDCP (assuming the question is whether the signalling should be in-band at PDCP). The report itself of course has to containinformation related to PDCP receiver status.

	TCL Communication Ltd.
	UE based feedback if defined should be at PDCP layer as per user plane termination related information.

	Sequans Communications
	PDCP layer

	CATT
	PDCP layer or adaptation layer (if adopted). Implementation on adaptation layer would be clearer in design and have no impact on current PDCP specs.

	IPCom
	PDCP layer

	Nokia Networks
	UE feedback should be done on PDCP layer.

	Broadcom Corporation
	PDCP Layer

	Intel Corporation
	PDCP

	KT Corp.
	PDCP Layer

	China Telecom
	PDCP layer

	Fujitsu
	PDCP layer

	Alcatel-Lucent
	RRC or PDCP – Depending on outcome of discussions related to Q. 4, 5, 6.

	KDDI
	PDCP 

	BlackBerry
	PDCP

	NEC
	RRC or PDCP

	ITRI
	PDCP layer

	Cisco Systems
	PDCP layer



	4. If UE based feedback is defined at PDCP layer, shall we re-use the legacy PDCP Status Report message or define a new one, specific to LWA?
NOTE: based on the contributions submitted to the RAN2#91bis and previous meetings, it appears that all proponents of the UE feedback suggested to define it at PDCP layer, therefore this and the following questions focus on this option.

	Company
	Answer

	InterDigital
	Legacy PDCP Status Report
Assuming we are conveying the same type of information, we shouldn’t have to re-discuss the type of report we already have.
Clearly for retransmission, legacy PDCP Status report should be enough. No need to change a format to optimize it.
For rate control, additional information might be needed (e.g. estimate of WLAN data rate by the UE).


	MediaTek
	Reuse legacy PDCP status report message.
We note that while the existing PDCP status report format can be re-used, the trigger conditions are very different. Unlike the legacy PDCP status report (which aims for lossless mobility), the LWA specific PDCP status report is targeted for flow control and avoidance of HFN de-sync.

	Qualcomm
	Adopt the legacy PDCP status report. Even though the current report can be used as is, since the main goal here is to detect holes on WLAN side and WiFi almost always use in-order delivery, transmitting the last received PDU in order could be sufficient as well. In other words, the bitmap in the current report could be skipped to minimize the signalling overhead.

	TCL Communication Ltd.
	Using a specific message would be a cleaner design.

	Sequans Communications
	The message can be reused if the information needed is the same.

	CATT
	If based on PDCP, then legacy PDCP SR would be enough. 
If based on adaptation layer, a new design or more parameters could be introduced.

	IPCom
	The answer to this question depends on how much content and trigger conditions really differ from the existing PDCP Status Report in the end.
Try to reuse the existing PDCP Status Report as much as possible.

	Nokia Networks
	We would not re-use the legacy PDCP Status report as such, because of excessive signalling overhead. With a 15-bit long PDCP SN, the Bitmap in the legacy PDCP Status report can be up to 16kbit long, and with the recently agreed 18-bit PDCP SN, up to 8 times that.
While the currently specified PDCP Status report is only sent at distinct RRC-invoked PDCP procedures typically associated with serving-cell changes for the UE(as captured in TR 36.842),  flow-control feedback needs to be provided frequently for decent performance gain from split bearers.

	Broadcom Corporation
	Same as QCOM

	Intel Corporation
	Re-using the legacy PDCP status report will be very inefficient, as it contains a bitmap. Even for plain LTE the legacy PDCP status report may need to be enhanced, as discussed in the context of CA enhancement. With LWA, there are actually two reasons to optimize the PDCP status report:
1. LWA may support very high throughputs
2. In LWA, PDCP status report will be used not just for HO, i.e. much more frequently
Therefore, we suggest defining an optimized PDCP status report for LWA.

	China Telecom
	Reuse the legacy PDCP status report as much as possible.

	Fujitsu
	Re-using the legacy PDCP SR would be the baseline. Optimization would be considered after the frequency/overhead of the reporting is clarified.

	Alcatel-Lucent
	Based on discussion above the intent and triggers for the UE feedback are different from the existing PDCP SR. So, a new message specific to LWA will be a cleaner and optimal approach.

	KDDI
	The legacy PDCP status report would be a baseline.

	BlackBerry
	Although optimisations are possible, given that we have very limited time our preference is to reuse the legacy PDCP status report for this release.

	NEC
	UE feedback needs to be sent frequently as it is a replacement of flow control. If additional information is carried along with the contents of PDCP SR then a new message is a cleaner approach. It should be discussed if such message is defined at PDCP or RRC once contents are clear.

	ITRI
	Legacy PDCP Status Report message can be re-used as much as possible.

	Cisco Systems
	Reuse legacy PDCP status report as baseline. 



	5. If UE based feedback is defined, what the UE shall report?
NOTE: options proposed so far by the proponents seem to be: bitmap of lost PDCP PDUs, FMS, count of PDCP PDUs lost on WLAN link, UE WLAN data rate. The question is not limited to these options, they are provided for reference.

	Company
	Answer

	InterDigital
	Same Report as legacy PDCP Status Report. Additional information for Rate Control can be added e.g. WLAN data rate estimate by the UE. 

	MediaTek
	Reuse legacy PDCP status report.

	Qualcomm
	See Q4

	TCL Communication Ltd.
	For now, we do not see the need for more information than the ones provided in the Legacy PDCP Status Report i.e. bitmap of lost PDCP PDUs, FMS.

	Sequans Communications
	As a baseline, same information as PDCP status report.

	CATT
	If based on PDCP, then legacy PDCP SR would be enough. 
If based on adaptation layer, a new design or more parameters could be introduced: Bitmap, FMS, lost PDU count, WLAN UE rate etc.

	IPCom
	At least FMS and Bitmap are needed.
Try to reuse the existing PDCP Status Report as much as possible.

	Nokia Networks
	The information in the legacy PDCP Status report can be taken as the starting point in overhead reduction. 

	Broadcom Corporation
	Answer @ 4

	Intel Corporation
	The status report shall not use the bitmap, as it would be extremely inefficient.
The new LWA-specific status report shall carry: FSM, lost PDCP PDU count, WLAN data rate information. This is because the status report will serve two purposes:
1. Preventing that half of PDCP SN is in flight
2. Adjusting LTE/WLAN split ratio
FSM will be used for 1), lost PDCP PDU count and WLAN data rate will be used for 2).

	Fujitsu
	Re-using the legacy PDCP SR would be the baseline.

	Alcatel-Lucent
	In addition to information in the information in the legacy PDCP SR, the eNB would need UE feedback to indicate WLAN link metrics like UE Estimated WLAN Data Rate, WLAN link PDU’s Lost for effective split across the LTE and WLAN accesses.

	KDDI
	See Q4.

	BlackBerry
	Reuse Legacy format

	NEC
	We also think that UE estimated WLAN data rate or estimation of channel availability is reported for effective split between LTE and WLAN access

	ITRI
	Information in legacy PDCP Status Report message can be the baseline.

	Cisco Systems
	Reuse legacy PDCP status report as baseline with possibility of additional information for rate control such as WLAN data rate. 



	6. If UE based feedback is defined, how it should be triggered?
NOTE: options proposed so far by the proponents seem to be: dynamically triggered by the eNB, periodic reporting, reporting based on configured thresholds. The question is not limited to these options, they are provided for reference.

	Company
	Answer

	InterDigital
	 Event based e.g. WLAN connection failure, PDCP PDU missing for certain amount of time / receiving window.
Dynamically triggered by the eNB
Periodic (Configurable)

	MediaTek
	PDCP status triggering should be configurable by the eNB and support different event scenarios such as:
1. Periodic triggering, with the period configured by the eNB.
2. When the UE detects loss of HFN sync (how to detect is up to UE implementation).
3. When the UE observed a gap in received PDCP PDUs. The eNB may configure additional criteria (e.g., length of gap) to trigger such reports. 
The eNB should be able to control the amount of PDCP status reporting (e.g., using a prohibit mechanism).

	Qualcomm
	To minimize signalling load, it is better to have triggers at the UE side. We can reuse the current PDCP reordering timer and the report is triggered when it expires. Assuming that the RLC and PDCP reordering timers are appropriately set by the eNB, this will only be triggered when the hole is due to WLAN transmission failure for RLC AM. Periodic reporting and eNB polling can also be defined for more network control and to prevent stalls (e.g. when all PDUs on WLAN fail after a certain point).

	TCL Communication Ltd.
	For reactiveness purpose while minimizing the signalling overhead, the reporting based on configured thresholds would be preferred over Dynamically triggered by the eNB or Periodic reporting.

	Sequans Communications
	Preferably,reportingbased on thresholds to minimize signalling overhead.

	CATT
	Event based trigger from UE side, e.g. WLAN connection failure detected, during WLAN mobility/AP HO, detection of significant PDCP SN gap or expiring of reordering timer.
Periodic or Dynamically triggered by the eNB configuration.
We think the periodical monitoring is also needed in current LWA structure, since currently there is no means to dynamically monitor the WLAN link as the intra-mobility set mobility is totally handled to UE. In some cases, WLAN AP will become unusable due to heavy congestions.

	IPCom
	Triggering should be configurable by the eNB.
Possible trigger events are:
1. Detection of HFN de-sync
2. Reaching maximum number of lost PDCP PDUs on receiver side

	Nokia Networks
	How the report is triggered should be configured by eNB. Reporting based on configured thresholds or periodic reporting seem appropriate for keeping the eNB up to date.

	Broadcom Corporation
	UE based triggers, eg number of packets in the reorder buffer above a certain threshold, etc.

	Intel Corporation
	We believe that the simplest and the most efficient way to trigger PDCP status reporting is to allow the eNB to trigger using in-band PDCP signalling, i.e. one bit in PDCP data PDU can be designated for PDCP status report triggering by the eNB. This is very similar to the way it works in RLC.

	China Telecom
	Configured by the eNB

	Fujitsu
	(1) Periodic reporting wherein the periodicity is configured by the eNB
(2) Threshold-based reporting wherein the threshold is the amount of stored PDCP PDUs (i.e. not delivered to the higher layer due to missing SNs) and configured by the eNB.

	Alcatel-Lucent
	Thresholds based and Periodic Triggering

	KDDI
	Same as Qualcomm.

	BlackBerry
	Agree with Qualcomm. 

	NEC
	Configured by eNB and reporting based on configured thresholds or periodic reporting

	ITRI
	Three cases are all possible, but dynamically triggered by the eNB should be the baseline.

	Cisco Systems
	Both periodic and threshold based triggering configured by eNB but the triggering should be from UE side.




3. Summary
1. Should RAN2 define UE based feedback, in addition to network based feedback/flow control on the Xw interface?
On this question the majority of companies (20) prefer to define a UE based feedback, however 7 companies think that it is not needed.
Based on the above, it is proposed to agree to standardized UE feedback.
Proposal 1: it is proposed to standardize UE based feedback.
2. If UE based feedback is defined, should it be optional?
The majority of companies (14) that responded to this question prefer to define UE feedback as conditionally mandatory (that is, UE supporting LWA shall support UE feedback), however the eNB shall have the option to trigger/configure UE feedback reporting. Three companies think that it should be optional.
Based on the above, it is proposed to agree that UE feedback should be conditionally mandatory for UE supporting LWA. It is further proposed that the feedback should be triggered/configured by the eNB.
Proposal 2: it is proposed to define UE feedback as conditionally mandatory for UE supporting LWA. It is further proposed to define a mechanism for eNB to trigger/configure UE feedback reporting.
3. If UE based feedback is defined, should it be done at PDCP or other (e.g. RRC) layer?
On this question (20), all responders support the definition of feedback signalling at the PDCP layer (i.e. in-band PDCP signalling). Out of these, two companies support either PDCP or RRC and one company support either PDCP or new adaptation layer. 
Based on the above, it is proposed to define PDCP UE feedback using in-band PDCP signalling.
Proposal 3: it is proposed to define UE feedback using in-band PDCP signalling.
4. If UE based feedback is defined at PDCP layer, shall we re-use the legacy PDCP Status Report message or define a new one, specific to LWA?
On this questions, 3 companies prefer to re-use the legacy PDCP status report as is (potentially with different triggering conditions), 10 companies would like to use the legacy report as a baseline and consider potential modifications (either adding new information or removing e.g. the bitmap to reduce overhead) and 5 companies would like to define a new PDCP status report message specifically for LWA.
Based on the above, it is proposed to define a new PDCP status report for LWA, using the legacy PDCP status report message format as a baseline.
Proposal 4: it is proposed to define a new PDCP status report for LWA, using the legacy PDCP status report message format as a baseline.
5. If UE based feedback is defined, what the UE shall report?
On this question, 10 companies prefer the UE to report the same information as in the legacy PDCP status report, that is FSM and bitmap, at least as a baseline. 3 companies prefer not to signal the bitmap because of the overhead, taking into account that LWA PDCP status triggering conditions would be very different from the legacy PDCP status triggering conditions. One company would like to remove overhead from the legacy report, but did not provide any detailed suggestion. Additionally, 5 companies would like to include WLAN data rate in the LWA PDCP status report and 2 companies would like to add the lost PDU count.
Based on the above, it seems that there are somewhat divergent views. Therefore, it is proposed to discuss whether to signal the following suggested information in the LWA PDCP status report: FSM, bitmap, WLAN data rate, lost PDU count. 
NOTE: Please bear in mind that PDCP status report optimizations are also being discussed in the context of CAenh, however the LWA scenario is probably even “worse”, as data rate would be higher and reporting frequency much higher.
Proposal 5: it is proposed to discuss whether to signal the following suggested information in the LWA PDCP status report: FSM, bitmap, WLAN data rate, lost PDU count.
6. If UE based feedback is defined, how it should be triggered?
The following triggering options have been proposed (number of supporting companies is indicated in brackets): configurable gap in received PDCP PDUs (12), periodic (11), triggered/polled by the eNB (8), PDCP reordering timer expiry (4), loss of HFN sync (2), WLAN connection failure (2), and WLAN mobility (1).
Taking into account that specifying all the options supported by the majority would be redundant, it is proposed to discuss which LWA PDCP status triggering mechanism(s) should be specified.
Proposal 6: it is proposed to discuss which LWA PDCP status triggering mechanism(s) should be specified out of the following: configurable gap in received PDCP PDUs, periodic, triggered/polled by the eNB, PDCP reordering timer expiry, loss of HFN sync, WLAN connection failure and WLAN mobility.

4. Conclusions
Based on the email discussion summary above we suggest to agree the following proposals:
Proposal 1: it is proposed to standardize UE based feedback.
Proposal 2: it is proposed to define UE feedback as conditionally mandatory for UE supporting LWA. It is further proposed to define a mechanism for eNB to trigger/configure UE feedback reporting.
Proposal 3: it is proposed to define UE feedback using in-band PDCP signalling.
Proposal 4: it is proposed to define a new PDCP status report for LWA, using the legacy PDCP status report message format as a baseline.
Proposal 5: it is proposed to discuss whether to signal the following suggested information in the LWA PDCP status report: FSM, bitmap, WLAN data rate, lost PDU count.
Proposal 6: it is proposed to discuss which LWA PDCP status triggering mechanism(s) should be specified out of the following: configurable gap in received PDCP PDUs, periodic, triggered/polled by the eNB, PDCP reordering timer expiry, loss of HFN sync, WLAN connection failure and WLAN mobility.
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