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1 Introduction

In LTE, an SR will only be triggered in case that a regular BSR is triggered and not transmitted in one TTI. In NR, some new features are introduced in order to support diverse service requirements and multiple numerologies/TTI lengths, which include:
LCH to numerology/TTI length mapping:

· A single logical channel can be mapped to one or more numerology/TTI durations;
· LCP takes into account the mapping of logical channel to one or more numerologies/TTI durations
LCH to SR configuration mapping:

· The SR should distinguish the “numerology/TTI type” of the logical channel that triggered the SR
· Multiple SR configurations can be configured to the UE and which SR configuration is used depends on the LCH that triggers the SR;

· In case multiple SRs are configured, for each LCH, there will be a mapping between LCHs and SR configuration
In this contribution, we would like to discuss the SR trigger by taking into account these new features in NR.
2 Discussion
2.1 BSR impact on SR trigger in LTE
In LTE, the SR is triggered in a TTI when the following conditions are satisfied [1]. 
1) A regular BSR has been triggered and is pending;
2) There is no UL resources allocated for new transmission for this TTI;

3) There is no configured UL grant for this TTI or the regular BSR was not triggered due to the data becoming available for transmission for a logical channel for which logical channel SR masking is setup;

4) logicalChannelSR-ProhibitTimer is not running
In this contribution, we only focus on the first two conditions. The following illustrate the BSR impact on SR triggering
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(a) SR is not triggered by the regular BSR
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(b) SR is triggered by the regular BSR
Figure 1: SR triggering in LTE
2.2 BSR impact on SR trigger in NR
Let’s assume a UE has two active logical channels for data transmission. 

· LCH1 is configured to carry data of service 1 while LCH2 is configured to carry data of service 2. 

· LCH1 can use both numerology/TTI length 1 and numerology/TTI length 2, while LCH2 is restricted to only use numerology/TTI length 2. 
· LCH1 is configured to be mapped to SR configuration 1 which is associated with the long PUCCH format, while LCH2 is configured to be mapped to SR configuration 2 which is associated with short PUCCH format.

· The priority of LCH2 is higher than LCH1.

We consider two possible scenarios.

Scenario 1:

As shown in Figure 2, at TTI#0, the LCH1’s data is coming and a regular BSR is triggered. Due to no available UL-SCH resource for LCH1 at TTI#0, the SR corresponding to SR configuration 1 is triggered. After receiving the SR, the gNB starts to schedule the LCH1’s data via the UL grant with numerology/TTI length 1. At TTI#N, the LCH2’s data is coming and another regular BSR is triggered, and at the same time the UE has available UL grant with numerology/TTI length 1. That UL grant can accommodate the regular BSR triggered by LCH2. Then if we follow the LTE principle, the SR will not be triggered. So, in this case the LCH2’s data can only be scheduled after the gNB received the BSR2 who is transmitted over the PUSCH with TTI length 1.
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Figure 2: Scenario 1 with SR trigger condition of LTE
Scenario 2:
As shown in Figure 3(a), at TTI#0, the LCH2’s data is coming and a regular BSR is triggered. Due to no available UL-SCH resource for LCH2 at T0, the SR corresponding to SR configuration 2 is triggered. After receiving the SR, the gNB starts to schedule the LCH2’s data via the UL grant with numerology/TTI length 2. 
As shown in Figure 3(b), at TTI#0, the LCH1’s data is coming and a regular BSR is triggered. Due to no available UL-SCH resource for LCH1 at T0, the SR corresponding to SR configuration 1 is triggered. After receiving the SR, the gNB starts to schedule the LCH1’s data via the UL grant with numerology/TTI length 1. At TTI#N, the LCH2’s data is coming and another regular BSR is triggered, and at the same time the UE has no available UL grant. So, the SR corresponding to SR configuration 2 is triggered. After receiving the SR, the gNB starts to schedule the LCH2’s data via the UL grant with numerology/TTI length 2. 

So, in the two cases of scenario 2, the LCH2’s data can be scheduled after the gNB received the SR2 who is transmitted over the PUCCH with short PUCCH format.
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Figure 3: Scenario 2 with SR trigger condition of LTE
By comparing the two scenarios, it can be seen that in the scenario 2, the delay requirement of LCH2 can be met since the PUCCH SR resource of the SR configuration mapped to LCH2 is used to request the UL grant. However, in the scenario 1, the delay requirement of LCH2’s data couldn’t be guaranteed since the PUSCH resource with a long TTI length is used request the UL grant, while leaving the short PUCCH format unutilized. 
Another observation from the two scenarios is, whether the delay requirement of the LCH2 data can be guaranteed depends on whether there is available UL grant for LCH1 data transmission when the LCH2triggers a regular BSR. This is obviously undesirable since the low priority data would have negative impacts on the high priority data.
Observation: If following the LTE’s principle for SR triggering, the pending regular BSR can trigger the SR only when there is no any UL resources allocated for new transmission. The delay requirement of the high priority data may not be able to be guaranteed if the high priority data triggers a BSR but there is a UL grant allocated for the low priority data.

To address the above issue, a feasible solution is to modify the SR trigger condition. Let’s take the above scenario 1 to explain. After the BSR is triggered by the LCH2, if the UE has UL resources allocated, the UE needs to further check whether the UL resources can be used by LCH2. If yes, the UE will just transmit the BSR triggered by LCH2 using the UL resources and not trigger the SR. If no, the UE will transmit the BSR using the UL resources and at the same time trigger the SR corresponding to the SR configuration mapped to LCH2. With this method, the situation of scenario 1 is like below:
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Figure 4: Scenario 1 with new SR trigger condition
So, we have the following proposal for the SR trigger:
Proposal: When a regular BSR has been triggered by a logical channel and the UE has avaiable UL resources allocated, if the UL resources cannot be used to transmit the data of the logical channel who triggers the BSR, the SR is triggered; Otherwise, the SR is not triggered.
3 Conclusion

In this contribution, we discuss an issue on the SR triggering, and have the following proposal:
Observation: If following the LTE’s principle for SR triggering, the pending regular BSR can trigger the SR only when there is no any UL resources allocated for new transmission. The delay requirement of the high priority data may not be able to be guaranteed if the high priority data triggers a BSR but there is a UL grant allocated for the low priority data.

Proposal: When a regular BSR has been triggered by a logical channel and the UE has avaiable UL resources allocated, if the UL resources cannot be used to transmit the data of the logical channel who triggers the BSR, the SR is triggered; Otherwise, the SR is not triggered.
4 Reference

[1] TS 36.321, MAC protocol specification.
5 Text Proposal for TS 38.321
5.4.5
Buffer Status Reporting

The Buffer Status reporting procedure is used to provide the serving gNB with information about UL data volume in the MAC entity.
RRC configures the following parameters to control the BSR reporting:

-
periodicBSR-Timer;

-
retxBSR-Timer;

-
logicalChannelSR-ProhibitTimer;

-
logicalChannelGroup.
Each logical channel may be allocated to an LCG using the logicalChannelGroup. The MAC entity is configured with up to eight LCGs.

The MAC entity determines the amount of data available in a logical channel according to the data volume calculation procedure in TSs 38.322 and 38.323 [3] [4].

A Buffer Status Report (BSR) shall be triggered if any of the following events occur:

-
the MAC entity has new UL data for a logical channel which belongs to an LCG; and either

-
the new UL data belongs to a logical channel with higher priority than the priority of any logical channel containing UL data which belong to any LCG; or
-
none of the logical channels which belong to an LCG contains any UL data;


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 CE plus its subheader, in which case the BSR is referred below to as 'Padding BSR';
-
retxBSR-Timer expires, and at least one of the logical channels which belong to an LCG contains UL data, 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'.
Editor's note: the text above can be improved considering data volume defined in RLC and PDCP.

For Regular BSR, the MAC entity shall:

1>
if the BSR is triggered for a logical channel for which logicalChannelSR-ProhibitTimer is configured by upper layers:

2>
start or restart the logicalChannelSR-ProhibitTimer;

1>
else:

2>
if running, stop the logicalChannelSR-ProhibitTimer.

For Regular and Periodic BSR, the MAC entity shall:
Editor's note: Depending on the detailed format for BSR (e.g. long, short, truncated) the text would be added above.

For Padding BSR:

Editor's note: Depending on the detailed format for BSR (e.g. long, short, truncated) the text would be added above.

The MAC entity shall:

1>
if the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled:

2>
if UL-SCH resources are available for a new transmission in this NR-UNIT:

Editor's note: The term NR-UNIT is used tentatively instead of TTI.

3>
instruct the Multiplexing and Assembly procedure to generate the BSR MAC CE(s);

3>
start or restart periodicBSR-Timer;

Editor's note: additional condition to not (re)start the periodic timer in LTE (i.e. truncated BSR) is not captured, and RAN2 should discuss detailed further.

3>
start or restart retxBSR-Timer.
      2> if a Regular BSR has been triggered for a logical channle:
3> if no valid UL-SCH resources that can be used by this logical channle are avaiable for a new transmssion in this NR-UNIT and logicalChannelSR-ProhibitTimer is not running:

4> if an uplink grant for this logical channle is not configured (i.e. Semi-Persistent Scheduling); or

4> if logical channel SR masking (logicalChannelSR-Mask) is not setup for this logical channel by upper layers:

4>
trigger a Scheduling Request.
A MAC PDU shall contain at most one MAC BSR CE, even when multiple events have triggered a BSR by the time.
The MAC entity shall restart retxBSR-Timer upon reception of a grant for transmission of new data on any UL-SCH.
Editor's note: The BSR cancellation part needs to be captured.
Editor's note: Detailed operations on long and short BSR need to be captured.
3GPP
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