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1 Introduction
At RAN2#98 meeting, two papers ([1] and [2]) mentioned the motivation of indicating critical data buffer and potential solutions.
In this paper, we provide more details on BSR based solution.
2 Discussion
2.1
Use case analysis
As analysed in [1], currently the network does not know whether the UL buffer includes critical data, so all uplink packets for one DRB are assumed to be of the same priority. It is observed in [3] that the less uplink data is discarded, the higher the perceived video quality is expected. If the network could be aware of critical data in UE, it may temporarily prioritize data transmission for the UE so that critical data could be guaranteed.
Here is an example, figure 1 shows that there are two UEs in one LTE cell. Currently, if both UEs have ongoing services, eNB can schedule them based on QoS parameters. Assumed that UE1 is performing living streaming and UE2 is performing web browsing, all uplink data in UE1 is scheduled in order to meet the QoS requirement. For UE1, if critical data can be transmitted efficiently, user experience can be guaranteed. However, if network resources are limited due to some reasons, critical data has to be delayed.
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Figure 1: legacy scheduling (eNB is not aware of critical data in the UL buffer)
If eNB can be aware of critical data in the UL buffer, eNB can have a better decision on resource allocations among UEs. As shown in figure 2, one implementation option is that eNB may allocate more resources to UE1 so that the critical data can be transmitted as soon as possible.
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Figure 2: enhanced scheduling (eNB can be aware of critical data in the UL buffer)

Observation 1: An indication of critical data in the UL buffer may help the network to improve user experience.
2.2
Solutions
Regarding how to indicate critical data in the UL buffer, there may be the following solutions:
(1) the indication is included in PDCP layer, i.e. proposed in [2]
(2) the indication is included in MAC layer and one option is using MAC CE, i.e. proposed in [2]
(3) the indication is included in MAC layer and one option is using BSR (Buffer Status Reporting), i.e. proposed in [1]

For solution (3), it is to use BSR functionality as much as possible, and there may be minor changes on top of BSR. In comparison, solution (1) and (2) may have more impacts to specifications.
The Buffer Status reporting procedure is used to provide the serving eNB with information about the amount of data available for transmission in the UL buffers associated with the MAC entity. For BSR, the MAC header has the following fields (according to section 6.2.1 MAC header for DL-SCH, UL-SCH and MCH in [4]).

	LCID
	The logical Channel ID filed identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC control element or padding for the DL-SCH, UL-SCH and MCH respectively.

	L
	The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC control element in bytes.

	F
	The Format field indicates the size of the Length field.

	F2
	The format2 field indicates the size of the Length field.

	E
	The Extension field is a flag indicating if more fields are present in the MAC header or not.

	R
	Reserved bit, set to “0”.


The field R is not used, so it may be used to indicate critical data in the UL buffer.

Proposal 1: In MAC header, the filed R is proposed to indicate critical data in the UL buffer.
In [4], there are some events that can trigger a BSR and the corresponding text is shown as below:
A Buffer Status Report (BSR) shall be triggered if any of the following events occur:

-
UL data, for a logical channel which belongs to a LCG, becomes available for transmission in the RLC entity or in the PDCP entity (the definition of what data shall be considered as available for transmission is specified in [3] and [4] respectively) and either the data belongs to a logical channel with higher priority than the priorities of the logical channels which belong to any LCG and for which data is already available for transmission, or there is no data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR";

-
UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC control element plus its subheader, in which case the BSR is referred below to as "Padding BSR";

-
retxBSR-Timer expires and the MAC entity has data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR";

-
periodicBSR-Timer expires, in which case the BSR is referred below to as "Periodic BSR".
Regarding the indication of critical data in the UL buffer, we consider it only occurs under some conditions. For example, one typical event can be defined as below:
-
Critical data, for a logical channel which belongs to a LCG, becomes available for transmission in the RLC entity or in the PDCP entity.
In addition, when legacy events are triggered to send a BSR, the new indication can be also checked and set.

In general, there are two ways for the UE to report the indication of critical data in the UL buffer:

(a) standalone reporting: when the new event is triggered, the UE send a BSR with setting the indication of critical data in the UL buffer
(b) associated reporting: when legacy events are triggered, the UE send a legacy BSR with setting the indication of critical data in the UL buffer

Proposal 2: It is proposed to introduce a new event for BSR triggering:
Critical data, for a logical channel which belongs to a LCG, becomes available for transmission in the RLC entity or in the PDCP entity.
No matter which way is used, this UE reporting behavior should be controllable by the network, i.e. eNB should be able to configure this feature through RRCConnectionReconfiguration message. In addition, since the UE may have more than one service simultaneously, it may be good for eNB to also configure DRB IDs for which the feature is applied.

For example, when the UE is in RRC connected mode and there are three DRBs, DRB id#1, DRB id#2 and DRB id#3. DRB id#1 is for streaming service, while the other two are not for streaming services. The eNB may only want to enable the feature on DRB id#1, so it should be possible for the eNB to configure the feature per DRB basis.
Proposal 3: It is proposed that eNB can configure this feature through the RRCConnectionReconfiguration message, and it can be configured per DRB.
For this feature, we think it should be optional, so there is a need to introduce a new UE capability for it.
Proposal 4: It is proposed to introduce a new UE capability of supporting indicating critical data in the UL buffer.
3 Conclusion

In this paper, we provide technical analysis on the indication of critical data in the UL buffer.

For the use cases analysis, we have one observation:

Observation 1: An indication of critical data in the UL buffer may help the network to improve user experience.
Regarding solutions, we make some analysis and comparison and we propose:

Proposal 1: In MAC header, the filed R is proposed to indicate critical data in the UL buffer.
Proposal 2: It is proposed to introduce a new event for BSR triggering:

Critical data, for a logical channel which belongs to a LCG, becomes available for transmission in the RLC entity or in the PDCP entity.
Proposal 3: It is proposed that eNB can configure this feature through the RRCConnectionReconfiguration message, and it can be configured per DRB.
Proposal 4: It is proposed to introduce a new UE capability of supporting indicating critical data in the UL buffer.
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