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1 Introduction

RAN2 discussed in RAN2#89bis whether or not the UE shall send Sidelink BSRs in case the UE has no available data for transmission on the SL-SCH. After some further thinking we are in this contribution discussing why it would actually be better to stick to legacy behaviour, and take the available space in the UL grant into account when deciding whether or not to cancel the Sidelink BSR.
2 Discussion
First we will look at how and when the UE sends BSR according to legacy behaviour.
2.1 Legacy BSR behaviour

In legacy LTE the UE will trigger BSRs when:

-
New data arrives which has higher priority than existing data or new data arrives to the empty buffer (Regular BSR)
-
After allocation of data, there is enough padding bits left to fit the BSR MAC CE plus its subheader (Padding BSR)

-
retxBSR-Timer expires and the UE still has data available (Regular BSR)

-
periodicBSR-Timer expires (Periodic BSR)

As specified in section 5.4.3.1 in 36.321 the UE performs a logical channel prioritization according to the following order:

-
MAC control element for C-RNTI or data from UL-CCCH;

-
MAC control element for BSR, with exception of BSR included for padding;

-
MAC control element for PHR, Extended PHR, or Dual Connectivity PHR;

-
MAC control element for Sidelink BSR, with exception of Sidelink BSR included for padding;
-
data from any Logical Channel, except data from UL-CCCH;

-
MAC control element for BSR included for padding;

-
MAC control element for Sidelink BSR included for padding.
This tells us that non-padding BSRs, both for Legacy and for the sidelink are prioritized over uplink data.

Then there are some conditions for cancelling BSRs:

	All triggered BSRs shall be cancelled in case the UL grant(s) in this subframe can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC control element plus its subheader. All triggered BSRs shall be cancelled when a BSR is included in a MAC PDU for transmission.


This means that the UE will cancel the BSR for the special case when the UE receives a grant which fits the remaining data but does not fit the data plus the BSR. This can happen when the eNB knows the amount of data available in the UE and the eNB therefore gives a grant which can accommodate exactly this amount. According to the logical channel prioritization, the BSR should be included and remaining data would have to be sent at a later time. But the cancellation allows for an exception to the logical channel prioritization. This is beneficial for efficiency reasons.

Observation 1 The cancellation of the legacy BSR is an exception to the logical channel prioritization.

In case the eNB does not exactly know how much data the UE has available, then the eNB will know that the UE has emptied its buffers when the UE includes a Padding BSR (which would then of course indicate zero bytes).
Observation 2 In legacy LTE, when the buffer is empty the UE includes a Padding BSR (indicating zero buffer size) when the UL grant fits the Padding BSR.

2.2 Sidelink BSR behaviour
When transmission of Sidelink BSRs was discussed at RAN2#89bis it was first discussed what the wanted UE behaviour is. It was then concluded that no Sidelink BSR should be transmitted if the UE has no data available for transmission on the SL-SCH.
We assume that the discussion only related to the Sidelink Padding BSR; Regular BSR would of course only be triggered when there actually is data available on SL-SCH, and if the eNB has configured Periodic Sidelink BSR that means that the eNB wants to receive the BSRs (otherwise the eNB would not configure it). So we assume that the same behaviour for sending Regular and Periodic BSR in legacy operation, should be used for sending Regular and Periodic BSR in Sidelink operation.

Then about the Sidelink Padding BSR: there would be no motivation from an overhead point of view to exclude the Padding Sidelink BSR as it is anyway only included if there is nothing else to be sent. And actually it is useful for the eNB to receive the Sidelink Padding BSR to know when the UE has emptied its Sidelink buffers. It is in fact even more important to receive the Padding BSR for Sidelink than for UL-SCH as the eNB cannot detect the actual data which is transmitted or if any padding is transmitted on the Sidelink.
So we propose that RAN2 revisits this discussion, and instead considers to reuse the legacy BSR transmission behaviour also for transmissions of Sidelink BSR.

Proposal 1 The Sidelink BSR transmission should follow a similar behaviour as for legacy BSR transmissions.

2.3 Needed specification changes
At RAN2#89bis some companies argued that according to the existing specification (see below) the UE will actually cancel any Sidelink BSRs if there is no available data. This is because if the UE has no data available for transmission then this non-existing data can be accommodated in an “empty grant”. I.e. the UE should assume that a non-existing grant is anyway a grant which has size zero. And this empty grant can then accommodate the non-existing data.
For Sidelink operation (section 5.14.1.4):

All triggered Sidelink BSRs shall be cancelled in case the remaining SL grant(s) valid for this SC Period can accommodate all pending data available for transmission. 

This interpretation cannot be correct. If it was correct then the UE would apply the same behaviour also to a legacy (non-Sidelink) BSR. See the corresponding sentence for the legacy BSR.
For legacy (non-sidelink) operation (section 5.4.5):

All triggered BSRs shall be cancelled in case the UL grant(s) in this subframe can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC control element plus its subheader.
If the empty grant interpretation is used for legacy operation then the empty grant is:

1.
able to “accommodate all pending data available for transmission”, and

2.
it “is not sufficient to additionally accommodate the BSR MAC control element plus its subheader.”
So the UE would then also cancel the legacy BSR, but this is not what the UE does or should do.
Observation 3 For the legacy BSR the UE sends a zero-BSR when the UE has no data available and the empty-grant interpretation cannot be applied to this legacy behaviour.

Since the normative specification for the Sidelink BSR and the normative specification for legacy BSR are (essentially) the same the UE behaviour should of course be the same.
The current text on cancellation of Sidelink BSR has two problems however:
1.
The Sidelink BSR is cancelled in case the available sidelink data can be transmitted in the SC period. As stated above, this means that the eNB would not get a Sidelink BSR indicating empty sidelink buffer, unless it overprovisions the uplink grants to trigger a padding Sidelink BSR.

2.
There is no exception to the logical channel prioritization concerning Sidelink BSR cancellation. This means that the (non-padding) Sidelink BSR would be prioritized over uplink data in cases when the uplink grant cannot fit the Sidelink BSR plus the uplink data.
Therefore we think that the only case when the Sidelink BSR should be cancelled is when the pending sidelink data can be transmitted in the SC period and the uplink grant is big enough to accommodate all pending uplink data (including legacy BSR/PHR if any), but is not big enough to additionally accommodate the Sidelink BSR.

Proposal 2 The conditions for cancellation of Sidelink BSRs shall be clarified and aligned to cancellation of legacy BSRs.

3 Conclusion

In this contribution we have looked at whether or not the existing specification makes the UE send a Sidelink BSR or not. As the text for cancelling the Sidelink BSR is the same as the text for cancelling a legacy BSR, then it is not possible to have a note explaining that a Sidelink BSR should be cancelled as this would change the legacy behaviour.

We made the following observations:
Observation 1
The cancellation of the legacy BSR is an exception to the logical channel prioritization.
Observation 2
In legacy LTE, when the buffer is empty the UE includes a Padding BSR (indicating zero buffer size) when the UL grant fits the Padding BSR.
Observation 3
For the legacy BSR the UE sends a zero-BSR when the UE has no data available and the empty-grant interpretation cannot be applied to this legacy behaviour.

Based on these observations we propose:
Proposal 1
The Sidelink BSR transmission should follow a similar behaviour as for legacy BSR transmissions.
Proposal 2
The conditions for cancellation of Sidelink BSRs shall be clarified and aligned to cancellation of legacy BSRs.

A CR is provided in [1] to adopt the proposals in this contribution.
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