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1      Introduction

In email discussion [99bis#39][NR UP/MAC] – BSR open issues, open issue 6 is about can the MAC entity include a padding BSR in any of the MAC PDUs, which do not contain a Regular/Periodic BSR? 
In LTE, padding BSR should be transmitted if triggered. It can only be cancelled if a regular BSR is transmitted in the same TB. This imposes unnecessary processing requirements on the transmitter especially if the MAC entity is requested to transmit multiple MAC PDUs in one TTI.
In this contribution, we discuss how to handle the padding BSR for the multiple UL grant scenario.
2      Discussion
A padding BSR is triggered if 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. A padding BSR should be transmitted unless a Regular BSR or Periodic BSR is transmitted in the same transport block, according to TS 36.321 below:

	A MAC PDU shall contain at most one MAC BSR control element, even when multiple events trigger a BSR by the time a BSR can be transmitted in which case the Regular BSR and the Periodic BSR shall have precedence over the padding BSR.


If the MAC entity is requested to transmit multiple MAC PDUs in a TTI, padding BSR behavior is specified as below in TS 36.321:
	If the MAC entity is requested to transmit multiple MAC PDUs in a TTI, it may include a padding BSR in any of the MAC PDUs which do not contain a Regular/Periodic BSR.


Although the wording of “may” is used in above sentence, it is understood that if padding BSR is triggered for a MAC PDU which do not contain a Regular/Periodic BSR, the MAC entity shall include a padding BSR accordingly. 

Firstly, according to MAC specification below, padding BSR is cancelled when the corresponding MAC PDU containing the padding BSR is built, but it is not cancelled by Regular/Periodic BSR in another TB.
	NOTE:
A Padding BSR is not allowed to cancel a triggered Regular/Periodic BSR, except for NB-IoT. A Padding BSR is triggered for a specific MAC PDU only and the trigger is cancelled when this MAC PDU has been built.


In RAN2#70bis meeting, following was agreed related to padding BSR:
	Agreements
1)   Different kinds of padding BSR are allowed in the same TTI

2) Each padding BSR follow Rel-8/9 rules


In addition, in RAN5 test specification (section 7.1.4.23 of TS 36.523-1 [1]), there is a CA test case requiring both Regular BSR and padding BSR are transmitted in two MAC PDUs. The brief description of the test case is as below:

	with { UE in E-UTRA RRC_CONNECTED state with SCell configured and activated }
ensure that {

  when { UL data arrives in the UE transmission buffer and UE is scheduled to transmit on both PCell and SCell in a TTI }

    then { UE transmits two MAC PDUs in a TTI, and one of the MAC PDU includes a Regular BSR, another MAC PDU includes a padding BSR }

            }


From above discussion, it can be seen that if the MAC entity is requested to transmit multiple MAC PDUs in a TTI, and if padding BSR is triggered for a MAC PDU which do not contain a Regular/Periodic BSR, the MAC entity shall include a padding BSR accordingly.

Observation 1: In LTE, if the MAC entity is requested to transmit multiple MAC PDUs in a TTI, and if padding BSR is triggered for a MAC PDU which do not contain a Regular/Periodic BSR, the MAC entity shall include a padding BSR.
It should be noted that transmitting padding BSR does not necessarily mean that data transmission from all logical channels have been completed (therefore simple buffer status value of 0 can be reported). The reason is that if there are a few bytes left in a MAC PDU after including RLC SDU from one logical channel, data from the same logical channel or another logical channel cannot be transmitted since only MAC and/or RLC headers can fit into the remaining capacity of the MAC PDU. Padding BSR is triggered in this case. An example is the above cited RAN5 test case where two logical channels both have two RLC SDUs with size of 12 bytes. Both UL grants provide 17 bytes for MAC PDU. After LCP, there are only two bytes left in each MAC PDU and a padding BSR has to be transmitted in one of the MAC PDUs according to current specification. The probability of such padding BSR is much higher in NR than in LTE due to the fact that MAC and RLC headers are longer in NR than in LTE and we will more often see a case when the remaining grant cannot be utilized for MAC/RLC SDU transmission.
Observation 2: When padding BSR is transmitted, it is possible that a non-zero buffer status value is reported.
Generally BSR processing has impact on transmitter side processing since BSR should reflect the buffer status after LCP, as specified in TS 38.321 subclause 6.1.3.1: “The Buffer Size field identifies the total amount of data available according to the data volume calculation procedure in TSs 38.322 and 38.323 [3] [4] across all logical channels of a logical channel group after all MAC PDUs for the NR-UNIT have been built (i.e. after the logical channel prioritization procedure).” Padding BSR in particular has more impact compared with Regular/Periodic BSR. If MAC entity is required to transmit multiple PDUs in a TTI, it is up to UE implementation to select one MAC PDU to contain Regular/Periodic BSR. But there is no flexibility for the UE if mandating the transmission of padding BSR once triggered.
In NR, RAN2 agreed that all UL MAC CEs are placed at the end of MAC PDU. The decision is friendly for the transmitter side processing when the transport block size is larger than the maximum code block size (8448 bits as defined in RAN1 spec TS 38.212). However, if transport block size is smaller than the maximum code block size, the whole transport block should be sent to physical layer for processing before the transmission of the TTI. In this case, putting BSR MAC CE at the end of the MAC PDU does not help much. 
Therefore the problematic scenario is: 

· The MAC entity is requested to transmit multiple MAC PDUs in a TTI. 

· For one MAC PDU, a padding BSR is triggered and the transport block size of the MAC PDU is less than the maximum code block size. 

· The transport block sizes for other MAC PDUs might be quite larger, which means that the LCP procedure is computation intensive.

An example is shown in Figure 1 below, where first transport block (TB1) contains 1 code block and second transport block (TB2) contains 3 code blocks. Suppose padding BSR is triggered for TB1. Since there is only one code block, MAC layer should build the MAC PDU (containing padding BSR) and submit to the physical layer for processing before the transmission of the TTI. In this case, mandating the transmission of padding BSR means that the LCP should be finished earlier before the actual PUSCH transmission (to provide time for the MAC PDU building and physical layer processing), which is not friendly for the pipeline processing discussed during NR SI phase. Therefore mandating padding BSR transmission in this case is quite challenging to meet the tight timing requirement. Note that there is no problem for transmitting Regular/Periodic BSR in this scenario since UE implementation can select a transport block with larger TB size (TB2 in this example) therefore there is sufficient time to generate Regular/Periodic BSR in this case, compared with padding BSR.
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Figure 1: Processing of Padding BSR and Regular/Periodic BSR for multiple UL grants
Although transmitting padding BSR can serve as a diversified way (in addition to the Regular/Periodic BSR) to provide buffer status report, the gain is rather limited since it is only transmitted when there are padding bits. Therefore it is a kind of nice to have feature but network should still configure BSR properly (e.g. periodicBSR-Timer) without relying on padding BSR. It is therefore proposed that it is up to UE implementation to transmit padding BSR when the MAC entity is requested to transmit multiple MAC PDUs. The impact to gNB scheduler would be negligible given that padding BSR transmission is typically not frequent. It should be also noted that UL data is typically very high when multiple MAC PDUs can be transmitted. Therefore configuring a short periodicBSR-Timer can provide gNB scheduler up-to-date buffer information without incurring much overhead.
In summary, it is proposed that when the MAC entity is requested to transmit multiple MAC PDUs in a TTI, whether to include padding BSR should be up to UE implementation.
Proposal 1: If the MAC entity is requested to simultaneously transmit multiple MAC PDUs and a padding BSR is triggered for a MAC PDU which do not contain a Regular/Periodic BSR, it is up to UE implementation whether to include the padding BSR in the MAC PDU.
3      Conclusion

In this contribution, we discuss the potential issue with the padding BSR for the multiple UL grant scenarios. We have the following observations:
Observation 1: In LTE, if the MAC entity is requested to transmit multiple MAC PDUs in a TTI, and if padding BSR is triggered for a MAC PDU which do not contain a Regular/Periodic BSR, the MAC entity shall include a padding BSR.
Observation 2: When padding BSR is transmitted, it is possible that a non-zero buffer status value is reported.
We propose the following:
Proposal 1: If the MAC entity is requested to simultaneously transmit multiple MAC PDUs and a padding BSR is triggered for a MAC PDU which do not contain a Regular/Periodic BSR, it is up to UE implementation whether to include the padding BSR in the MAC PDU.
A TP for TS 38.321 including the above proposal is provided at the end of the contribution.
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5.4.5
Buffer Status Reporting

The Buffer Status reporting (BSR) 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:

-
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 UL data available for a logical channel according to the data volume calculation procedure in TSs 38.322 and 38.323 [3] [4].

A BSR shall be triggered if any of the following events occur:

-
the MAC entity has new UL data available 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 available UL data which belong to any LCG; or

-
none of the logical channels which belong to an LCG contains any available 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'.

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:

1>
if more than one LCG has data available for transmission when the BSR is to be transmitted:

2>
report Long BSR;

1>
else:

2>
report Short BSR.

Editor's note: as a baseline, short BSR is reported when a single LCG has data available.

For Padding BSR:

1>
if the number of padding bits is equal to or larger than the size of the Short BSR plus its subheader but smaller than the size of the Long BSR plus its subheader:

2>
if more than one LCG has data available for transmission when the BSR is to be transmitted:
3>
if the number of padding bits is equal to the size of the Short BSR plus its subheader:

4>
report Short Truncated BSR of the LCG with the highest priority logical channel with data available for transmission;

3>
else:

4>
report Long Truncated BSR of the LCG with the logical channels having data available for transmission following a decreasing order of priority;

2>
else:

3>
report Short BSR;

1>
else if the number of padding bits is equal to or larger than the size of the Long BSR plus its subheader:

2>
report Long BSR.

Editor's note: as a baseline, short BSR (including padding) is reported when a single LCG has data available. The details on padding procedures can also be discussed by RAN2.

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:

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 after transmission of the BSR;

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 after transmission of the BSR.

2>
else if a Regular BSR has been triggered and logicalChannelSR-ProhibitTimer is not running:

3>
if an uplink grant is not configured (i.e. Semi-Persistent Scheduling); or
3>
if the Regular BSR was not triggered for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers:

4>
trigger a Scheduling Request.

A MAC PDU shall contain at most one BSR MAC CE, even when multiple events have triggered a BSR by the time. The Regular BSR and the Periodic BSR shall have precedence over the padding BSR.

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.

If the MAC entity is requested to simultaneously transmit multiple MAC PDUs and a padding BSR is triggered for a MAC PDU which do not contain a Regular/Periodic BSR, it is up to UE implementation whether to include the padding BSR in the MAC PDU.
End of the TP to TS 38.321
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