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1 Introduction

This email discussion "[98#55][LTE/ViLTE] solutions for critical data identification" aims to progress on the proposed enhancements to solve the problem of critical data discard related to video transmission in the contributions submitted to RAN2#98 meeting [1]-[7]:

[98#55][LTE/ViLTE] Solutions for critical data identification (Intel)
Detailed solutions to make UE access stratum be aware of upper layer critical data within DRB of one user

Solution through UE implementation is not excluded for email discussion.

Clarify the FFS : Provide mechanisms for the eNB to be made aware whether the UE has upper layer critical data.

Intended outcome: Report

Deadline: Thursday 2017-08-03

2 Open points for discussion
The related objective [8] to be addressed in this email discussion is the following:

Enhancement to solve the problem of critical data discard related to video transmission in order to improve the perceived video quality by the UE:

· Specify mechanism(s) for the UE L2 to be aware that a packet relates to upper layer critical data, and L2 differentiated handling for different prioritized video data [RAN2];
· If needed, specify mechanism(s) for the eNB to be made aware that the UE has upper layer critical data within its buffers so that the eNB can take the information into account in UL scheduling decisions. Other solutions are not precluded. [RAN2]
· Specify network configuration/control of the mechanism(s). [RAN2]
On this regard, it is important to highlight the related agreement taken in RAN2#98:


1
Provide solutions to make UE access stratum be aware of upper layer critical data within DRB of one user. 

2
FFS: Provide mechanisms for the eNB to be made aware whether the UE has upper layer critical data.

The suggested open points for discussion are listed below in different discussion points.

Discussion point 1. How is the UE access stratum (AS) aware of UL upper layer critical data within DRB of one user? please justify your response considering the following options:
Option a. It is left up to UE's implementation (i.e. how the UE AS is aware of UL upper layer critical data within DRB of one user is not specified).
Option b. Other solutions.
Table 1. Company's view on the Discussion point 1
	Options
	Company's name and view

	(a) UE's implementation
	· Huawei, HiSilicon: We prefer this option a, because this option provides flexibility for the UE. In our opinion, this option is the basis for other potential solutions, e.g. for new PDCP timer solution, only if the UE can be aware of a UL upper layer critical data, the UE could apply the new PDCP timer for the data.
· China Unicom: We prefer option a, and share the same view with Huawei.
· Ericsson: We prefer option (a) considering that it can be left up to UE implementation to decide whether the data in the upper layers for UL transmission is critical.
· Qualcomm: We prefer option a.
· OPPO: We prefer option a, it is up to UE implementation.
· Intel: we prefer option (a)
· Nokia, Nokia Shanghai Bell: Depending on video profile the critical data is defined differently (as per TS26.114 a key frame is I-frame or IDR frame in H.264 (AVC), or an IRAP picture in H.265 (HEVC)). Therefore, we believe detailed specification on upper layer interaction with AS due to key frames detection would impose broad standard-wise changes.  The existing IMS coexistence with radio bearer would also be impacted. Thus, we believe it should be left to UE implementation.
· LG: we support the option a.

	(b) Other solutions
	· 


Discussion point 2. How does the UE provide different handling/prioritization of the UL upper layer critical data within DRB of one user to minimize the degradation of the UE's perceived conversational video? 

Option a. Via the PDCP layer (e.g. an indication in one of the reserved bits of the PDCP header).

Option b. Via an additional new PDCP discard timer configured in the UE for the UL critical data.

Option c. Other solutions.
Table 2. Company's view on the Discussion point 2
	Options
	Company's name and view

	(a) PDCP layer
	· 

	(b) New PDCP timer 
	· Huawei, HiSilicon: We provided our analysis in [4] and we prefer this option. Based on the analysis, we observe that the less uplink data is discarded (critical data), the higher the perceived video quality is expected. Considering that there is a uniform PDCP discard timer per DRB according to the current LTE specs, a new PDCP timer could enable a relatively long time for critical data transmission, so it is good for user experience on conversational video.
· OPPO: A new PDCP discard timer could separate the critical data and normal data easily. And unnecessary critical data discard can be avoided.
· LG: We support the option b.

	(c) Other solutions
	· Ericsson: The differentiated handling of prioritized (critical) data can be performed in the PDCP layer. A solution which prioritizes packets that contain critical data can be introduced with the following characteristics to minimize the degradation of the UE's perceived conversational video: 

· A mechanism that maintains in-order delivery

· A mechanism that allows for a short queue to compensate for short fluctuations in the available transport bit rate

· A mechanism that does not invoke excessive loss of packets including the ones that contain non-critical data.

· An option can be to introduce the possibility to apply a shorter discard timer for non-critical packets that arrived prior to a packet containing critical data but keeping the same discard timer for packets containing non-critical data for which there are no packets with critical data that arrived later to the packet queue.
· Qualcomm: We should be careful about the design on additional new PDCP discard timer. A longer discard timer may cause the issue of larger occupied buffer, especially for the cell edge users. A shorter discard timer for the non-critical data may cause unexpected packet loss due to the timing of low layer retransmission and large fluctuation of air interface rate.
· Intel: A mechanism to provide different handling/prioritization of UL critical data in UE side is desirable as Ericsson explained; however, considering the timeline for this Rel-15 WI and current LTE architecture, we suggest not to specify any mechanism within the UE that provides different handling/prioritization of UL critical data sent within a given DRB (at least for Rel-15). 
· Nokia, Nokia Shanghai Bell: Handling data with finer granularity than radio bearer should ideally respect   QoS and IMS based policies. Therefore, the potential enhancement requires detailed investigation whether it does not negatively impact existing standards. Discard timer(s) or radio bearers lifetime is referred by upper layers and certain functionalities are based on these, thus we share Qualcomm’s concern the changes to the baseline will bring unexpected degradation of user experience. Hence, we support Intel’s suggestion to not specify Rel-15 solution for that. 


Discussion point 3. Does the eNB needs to be aware of UL upper layer critical data within DRB of one user to be able to minimize the degradation of the UE's perceived conversational video? Please justify your response considering the following options. If the answer were yes, how is the eNB aware of upper layer critical data within DRB of one user?
Option a. No.

Option b. Yes, via the PDCP layer (e.g. an indication in one of the reserved bits of the PDCP header).

Option c. Yes, via the MAC layer (e.g. a new MAC CE, BSR).

Option d. Yes, via other solutions.

Table 3. Company's view on the Discussion point 3
	Options
	Company's name and view

	(a) No
	· Ericsson: There is no need for such indication assuming that it would be up to UE implementation to decide whether data in the upper layers for UL is critical.
· For the case of prioritization between different users, we do not think there is any need to introduce a mechanism for the eNB to differentiate between different UEs. Introducing a second level of prioritization of users based on the nature of data (in the already prioritized bearers) may conflict with the intended use of the current QoS framework from a service perspective.
· Qualcomm: Even the eNB scheduling considers the prioritization for the users that contain the critical data, it is up to UE implementation to decide which data (critical/non-critical data) should be transmitted in uplink.

· Nokia, Nokia Shanghai Bell: QoS defines QCI characteristics which impose policies in terms of packet forwarding treatment and the traffic scheduling priority. We share the concern that additional mechanism would confuse existing prioritization.

	(b) Yes, via PDCP layer
	· Huawei, HiSilicon: We are still checking this option. Compared with option (c), there may be cons and pros.
· LG: We prefer the option b. However, the one bit may not be enough. Using two or three reserved bits could be considered.

	(c) Yes, via 
MAC layer 
	· Huawei, HiSilicon: As analyzed in [6], currently the network scheduling consider all uplink data packets for one DRB, so it may lead to lots of critical data discard in some cases. If the network can be aware of UL upper layer critical data in UE, it may perform some optimizations in order to improve user experience on video. For example, it may temporarily prioritize data transmission for the UE so that critical data could be guaranteed. Regarding solutions, we prefer to BSR based solution (e.g. add indication into the Buffer Status Report), and there are two reasons: (1) BSR is in MAC, and eNB can directly use the indications for scheduling optimizations; (2) the impacts are minimal, e.g. consider using spare values in BSR; on top of BSR triggering conditions, there may need to add one new condition like “when critical data comes into UE buffer”
· OPPO: With the knowledge of UL upper layer critical data, eNB can schedule the critical data prior to the other data in the same DRB. For example, a critical BSR can be applied for the critical data.
· Intel: We see important for the UE to notify the eNB when UL critical data is stored within a given DRB for the eNB to know that this UE may benefit to get different scheduling handling (e.g. having more and/or larger grants) or to have additional protection for the UL grant (e.g. lower MCS, additional redundancy, different maximum number of retransmission or increase the number of repetitions required when operating in CE). Therefore we suggest enabling a MAC based solution, e.g.

· Via BSR functionality to notify the existence of critical data in the buffer; or 

· Via new MAC Control Element of 1 byte (e.g. Video MAC CE) with the following elements, as described in [3]:

· LCID (5 bits): logical channel ID of the video bearer.

· “A” (1 bit): indicates that critical PDCP SDU is present in the PDCP buffer queue.

· “B” (1 bit): indicates that with latest UL grant allocation and periodicity, the critical PDCP SDUs will be discarded before being transmitted.

· “C” (1 bit): indicates that non-critical PDCP SDU preceding the 1st critical PDCP SDU has been flushed (optional).

· Note that when this new MAC CE is not sent, it indicates that there is no more critical data in the buffer.

· 

	(d) Yes, via 
other solutions
	· 


3 Email discussion result
The following 10 companies shared their views on this email discussion: Huawei, HiSilicon, China Unicom, Ericsson, Qualcomm, OPPO, Nokia, Nokia Shanghai Bell, LG and Intel. The following sub-sections include a summary of companies views provided for each discussion point in section 2, and section 4 provides a summary of the proposals for discussion. 
3.1 Discussion point 1

How is the UE access stratum (AS) aware of UL upper layer critical data within DRB of one user?
· All companies share the view on option (a) where it is left up to UE's implementation (i.e. how the UE AS is aware of UL upper layer critical data within DRBof one user is not specified).
· It was pointed that this option (a) provides flexibility for the UE, is the basis to other potential solutions (new PDCP timer), and will reduce standardization efforts (e.g. SA4 and RAN2 side) as critical data is defined differently depending on the video profiles. 

Proposal 1. It is left up to UE implementation how the UE AS is aware of UL upper layer critical data within a given DRB of one user.
3.2 Discussion point 2

How does the UE provide different handling/prioritization of the UL upper layer critical data within DRB of one user to minimize the degradation of the UE's perceived conversational video?
· On the discard timer:

· 4 companies (Huawei, HiSilicon, OPPO, and LG) support option (b) to define an additional new PDCP discard timer configured in the UE for the UL critical data.

· 1 company (Ericsson) supports applying a shorter discard timer for non-critical packets that arrived prior to a packet containing critical data. Note that same discard timer is kept for packets containing non-critical data for which there are no packets with critical data that arrived later to the packet queue.

· 3 companies (Qualcomm Nokia, and Nokia Shanghai Bell) shown their concern on defining a new PDCP discard timer. E.g. a longer discard timer may cause the issue of larger occupied buffer, especially for the cell edge users; and a shorter discard timer for the non-critical data may cause unexpected packet loss due to the timing of low layer retransmission and large fluctuation of air interface rate.
· General comments provided on the definition of a mechanism to allow different handling/prioritization of UL critical data:

· 1 companies (Ericsson) envision a mechanism that maintains in-order delivery, allows for a short queue to compensate for short fluctuations in the available transport bit rate, and does not invoke excessive loss of packets including the ones that contain non-critical data.

· 3 companies (Intel, Nokia, and Nokia Shanghai Bell) suggest not to specify any mechanism within the UE that provides different handling/prioritization of UL critical data sent within a given DRB at least for Rel-15.
· 2 companies (Nokia, and Nokia Shanghai Bell) envision that the data handling with finer granularity than radio bearer will respect both, QoS and IMS based policies. Moreover further investigation will be required not to impact negatively in existing standards.

Proposal 2. To discuss whether to define a mechanism on UE side that allows different handling/prioritization of UL critical data (e.g. PDCP timer based).
3.3 Discussion point 3

Does the eNB needs to be aware of UL upper layer critical data within DRB of one user to be able to minimize the degradation of the UE's perceived conversational video? If so, how is the eNB aware of upper layer critical data within DRB of one user?

· 4 companies (Ericsson, Qualcomm, Nokia, and Nokia Shanghai Bell) do not see the need to define any indication from UE side to network side.
· 3 company (Ericsson, Nokia, and Nokia Shanghai Bell) explain that there is no need to introduce a second level of prioritization as this may conflict or create confusion with legacy QoS framework.
· 1 company (Qualcomm) points that it is mainly up to UE implementation which data (critical/non-critical data) should be transmitted in uplink.

· 5 companies (Huawei, HiSilicon, OPPO, LG and Intel) support enabling a mechanism for the UE to provide some form of indication to the network when critical data is in the UE's buffer.
· 3 companies (Huawei, HiSilicon and Intel) further clarifies that the network could perform optimizations in order to improve user experience on video. For example, eNB may temporarily prioritize data transmission or provide different scheduling handling (e.g. having more and/or larger grants) or provide additional protection for the UL grant (e.g. lower MCS, additional redundancy, different maximum number of retransmission or increase the number of repetitions required when operating in CE), 

· Solution details:

· 1 company (LG) prefers a PDCP approach, based on 1 bit indication or even 2 or 3 bits.

· 4 companies (Huawei, HiSilicon, OPPO and Intel) prefer a MAC approach (e.g. via BSR or a new MAC CE).

Proposal 3. To discuss whether to define a mechanism for UE to inform the eNB when critical data is in the UE's buffer. If so, to consider MAC based approach.
4 Conclusion

The suggested proposals from this email discussion are the following:

Proposal 1.
It is left up to UE implementation how the UE AS is aware of UL upper layer critical data within a given DRB of one user.
Proposal 2.
To discuss whether to define a mechanism on UE side that allows different handling/prioritization of UL critical data (e.g. PDCP timer based).
Proposal 3.
To discuss whether to define a mechanism for UE to inform the eNB when critical data is in the UE's buffer. If so, to consider MAC based approach.
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