Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2 #97bis	Tdoc R2-1702746
Spokane, USA, 3rd – 7th April 2017	

Agenda Item:	10.3.1.5
Source:	Ericsson
Title:	SR and BSR triggering aspects
Document for:	Discussion, Decision
1. Introduction
Uplink scheduling is a key functionality to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study. Details to how this functionality can be designed, compared to the baseline framework of LTE is discussed in contributions. We prepare two contributions focusing on different aspects. This contribution discusses when to trigger SR and BSR. Another contribution discusses what information fields should be carried by SR and BSR [1].
1. [bookmark: _Ref178064866]Discussion
1. SR and BSR triggering in LTE
SR triggers
In LTE, The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmissions. The SR transmission is made as a result of a triggered Regular BSR.  
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In a highly-loaded cell with many active UEs, the frequency of transmitted SRs may be very high. Therefore, there might be a risk of SR overload when there is higher system load. In LTE, an sr-ProhibitTimer is used to prevent the UE from transmitting a second SR too early after its previous SR attempt. The timer is started when the UE transmits SR on PUCCH; the timer is stopped either when it expires and a new SR is transmitted, or when SR is cancelled.
Additionally, a logicalChannelSR-ProhibitTimer can be configured per logical channel to delay a SR for certain time, to avoid redundant SR transmissions. It is typically useful for the traffic scenarios where SRs can be delayed without any impact on the performance. For those logical channels the eNB can predict the UL traffic pattern, so a grant can be assigned to the UEs without SR. 
By decreasing the frequencies of SRs triggered, the load on the SR channel decreases. It is beneficial to improve the system performance and keep the system stable. 
The logicalChannelSR-ProhibitTimer for high priority LCHs can be set to lower values, or even disabled. In this way, UEs with higher priority LCHs would be able to transmit SRs more often, while other UEs with lower priority LCHs would transmit SRs less often. 
[bookmark: _Toc477971201][bookmark: _Toc477971206][bookmark: _Toc477984904][bookmark: _Toc478049025][bookmark: _Toc478145747][bookmark: _Toc478146342][bookmark: _Toc478164249][bookmark: _Toc478164881][bookmark: _Toc478165086][bookmark: _Toc478165353]LTE sr-ProhibitTimer and logicalChannelSR-ProhibitTimer can alleviate SR overload
In LTE, 1-bit SR on PUCCH is designed so that there is either a transmission of an SR (indicating the data availability in UE buffer) or no SR transmission. The network may thus not be able to fully differentiate SRs with higher priority from other SRs with lower priority, i.e. the priority of the LCH triggering a BSR. When the system is highly loaded with many connected active UEs, the network may require longer processing/scheduling time for each request, and some SRs may thus be stalled.
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In LTE, BSR is triggered in the below example cases. 
1. UE has UL data to transmit (regular BSR)
· When UE has some data to transmit for a certain LCG.
· Data becomes available for a logical channel with higher priority than current one for which data is already available for transmission.
· no data available for transmission for any of the logical channels which belong to a LCG
2. UL Grant results in padding is added to the MAC PDU (Padding BSR). 
3. retxBSR-Timer is expired and UE has some data to transmit (Regular BSR)
4. periodicBSR-Timer is expired (Periodic BSR)
Some of above triggers may seem too strict. For instance, new data with the same or lower priority compared to currently transmitted data will not trigger a BSR. This may result in a status mismatch between UE and eNB. The retxBSR-Timer is designed to compensate the loss of a BSR transmission.  The periodicBSR-Timer is used for a UE to periodically update its status to the network. To avoid redundant BSR transmissions, these timers are typically set with a relatively long duration. This may lead to an additional latency for some UEs or redundant information transmitted if shorter timer values are configured.
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SR 
As suggested in [1], SR should be extended to carry 2 bits, which means that SR may not only indicate the data availability for the UE, but also indicatite which LCHs have data available. With additional priority information carried by a SR, the gNB can identify SRs requesing resource for LCHs with a high priority. They can be scheduled accordingly, so that their QoS can be fulfilled.
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[bookmark: _Toc478049029][bookmark: _Toc478145751]On the other hand, as described in [1] a NR cell may have a need to support both 1-bit SR and 2-bits SR and the gNB should be able to configure a UE to use either [1]. This also means that the gNB may receive both 1-bit SR and 2-bits SR depending on configuration. Although the gNB may not always be able to identify the priority of 1-bit SRs (depending on the SR resource used and triggering), the selection of UEs with high priority with the use of 2-bit SR may reduce the impact from SR overload on high priority data among those UEs.  
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BSR
The concept of a logical channel group (LCG) was included in LTE to reduce the BSR signalling overhead in case a UE have more radio bearers simultaneously. Currently up to 4 LCGs that can be supported per UE. The grouping of radio bearers (or logical channel) is established at radio bearer setup by the gNB based on QoS attributes of the radio bearers such as QoS Class Identifier (QCI). In practise, this require an efficient grouping mechanism to achieve the expected granularity and gain in terms of signalling overhead reduction. In reality, few RBs are used at the UE simultaneously.  It is would thus be sufficient to provide a BSR per logical channel. This would give better granularity and provide more accurate buffer status report for each logical channel.
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As described in section 2.1.2, the UE can transmit a BSR when there is new data available in the buffer with higher priority than the existing data, while the UE is not allowed to send a BSR if the new data has the same or lower priority than the existing data. This may lead to information mismatch between the UE and gNB, resulting in a long unnecessary scheduling delay until the UE can empty its transmission buffer. Therefore, it may be beneficial to enhance SR in NR so that the NW configures a UE wether to send BSR (regular BSR) upon arrival of new data regardless of the priority of its associated logical channel.
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In NR, it would be beneficial if another trigger of a BSR could be defined, so that the buffer status update is more timely delivered, while not contributing to the transmission of redundant information when not needed. 
In defining a new trigger, it would thus be of value if the trigger is based on events which relate to the amount of (in the BSR) reported data served by the gNB scheduler, and the inflow of new data to the UE buffer.
The triggered BSR will in this case result in that a BSR is not transmitted at a configured interval, but rather continously depending on the actual change in UE buffer. As such, the events and criteria for the BSR trigger should be configurable by RRC signalling.
Similar to the Periodic BSR, a BSR triggered by this even should not trigger an SR.
Below is one example on how this new BSR trigger could be defined:
· The UE maintains a variable of reported buffer status, “reported_volume”, when a BSR has been sent
· The UE also maintains a variable, “unreported_volume”, set to the amount of new data not considered in the reported BSR (reported_volume)
· The UE evaluates in each TTI the amount of remaining data of the “reported volume”, to the NW configured threshold
· When the remaining data of the reported volume is less than the threshold, and the amount of new data (unreported_volume) is not zero, a BSR is triggered.
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1. Conclusion
In section 2 we made the following observations:
Observation 1	LTE sr-ProhibitTimer and logicalChannelSR-ProhibitTimer can alleviate SR overload
Observation 2	In highly load system, SRs for LCHs with higher priority can be stalled due to absence of priority information in the 1-bit SR
Observation 3	There may be buffer status mismatch between UE and eNB based on current LTE BSR triggers
Observation 4	With a 2-bit SR, LCHs with higher priority can be identified and scheduled accordingly
Observation 5	2-bits SR can reduce impact from SR overload on high priority data

Based on the discussion in Section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	As in LTE, the UE transmits an SR as a result of a BSR triggered by new data in the UE buffer when the UE has no granted resources
Proposal 2	In NR, BSR triggers are enhanced to address inefficiencies.
Proposal 3	UE reports BSR per logical channel
Proposal 4	NW can configure a UE to send BSR (regular BSR) upon arrival of new data regardless of the priority of its associated logical channel
Proposal 5	Define a new BSR trigger which is relate to the amount of reported data served by the gNB scheduler, and the inflow of new data to the UE buffer
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