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Introduction
With short TTI as currently defined in RAN1 according to [1] LTE latency in DL and UL is reduced by allowing transmissions on a shorter timescale. In the discussion of the feature at RAN2#97bis, the following agreements were reached: 

	Agreements:
· A logical channel can be configured with the type of TTI(s) it is allowed to use (e.g. either with legacy TTI, short TTI, or all).  The exact signalling is FFS. 
· LCP is performed only for logical channels configured to use the corresponding TTI type.
· When the UE has grants on both TTIs, it is up to UE implementation in which order the grants are processed for logical channel multiplexing (if allowed by RAN1).
· When the UE has grants on both TTIs, it is up to UE implementation to decide in which MAC PDU a MAC control element is included (if allowed by RAN1).




Here we discuss the options for buffer status reporting and scheduling requests with short TTI operation. 
[bookmark: _Ref178064866]Discussion
[bookmark: _Toc480899658]With short TTIs, it is necessary to meet a Logical Channels (LCHs) or Logical Channel Groups (LCGs) latency requirement as indicated to the UE by the allowed TTI length. 
[bookmark: _Ref481513851][bookmark: _Toc481514140][bookmark: _Toc481527456][bookmark: _Toc481528588][bookmark: _Toc481528643][bookmark: _Toc481528736][bookmark: _Toc481652910][bookmark: _Toc481653892][bookmark: _Toc481737840][bookmark: _Toc481738969][bookmark: _Toc481739226][bookmark: _Toc481739275][bookmark: _Toc481739421][bookmark: _Toc481739487][bookmark: _Toc481739637][bookmark: _Toc481740967][bookmark: _Toc482186555][bookmark: _Toc482190349][bookmark: _Toc482255900][bookmark: _Toc482349394][bookmark: _Toc482358410][bookmark: _Toc482363465][bookmark: _Toc482363914][bookmark: _Toc482364077][bookmark: _Toc482364377][bookmark: _Toc482364507][bookmark: _Toc482365867][bookmark: _Toc482366012][bookmark: _Toc482366398]Three different LCH configurations have been agreed: 
· [bookmark: _Toc481514141][bookmark: _Toc481527457][bookmark: _Toc481528589][bookmark: _Toc481528644][bookmark: _Toc481528737][bookmark: _Toc481652911][bookmark: _Toc481653893][bookmark: _Toc481737841][bookmark: _Toc481738970][bookmark: _Toc481739227][bookmark: _Toc481739276][bookmark: _Toc481739422][bookmark: _Toc481739488][bookmark: _Toc481739638][bookmark: _Toc481740968][bookmark: _Toc482186556][bookmark: _Toc482190350][bookmark: _Toc482255901][bookmark: _Toc482349395][bookmark: _Toc482358411][bookmark: _Toc482363466][bookmark: _Toc482363915][bookmark: _Toc482364078][bookmark: _Toc482364378][bookmark: _Toc482364508][bookmark: _Toc482365868][bookmark: _Toc482366013][bookmark: _Toc482366399]LCHs that are only allowed to use short TTI length
· [bookmark: _Toc481514142][bookmark: _Toc481527458][bookmark: _Toc481528590][bookmark: _Toc481528645][bookmark: _Toc481528738][bookmark: _Toc481652912][bookmark: _Toc481653894][bookmark: _Toc481737842][bookmark: _Toc481738971][bookmark: _Toc481739228][bookmark: _Toc481739277][bookmark: _Toc481739423][bookmark: _Toc481739489][bookmark: _Toc481739639][bookmark: _Toc481740969][bookmark: _Toc482186557][bookmark: _Toc482190351][bookmark: _Toc482255902][bookmark: _Toc482349396][bookmark: _Toc482358412][bookmark: _Toc482363467][bookmark: _Toc482363916][bookmark: _Toc482364079][bookmark: _Toc482364379][bookmark: _Toc482364509][bookmark: _Toc482365869][bookmark: _Toc482366014][bookmark: _Toc482366400]LCHs that are only allowed to use legacy TTI length
· [bookmark: _Toc481514143][bookmark: _Toc481527459][bookmark: _Toc481528591][bookmark: _Toc481528646][bookmark: _Toc481528739][bookmark: _Toc481652913][bookmark: _Toc481653895][bookmark: _Toc481737843][bookmark: _Toc481738972][bookmark: _Toc481739229][bookmark: _Toc481739278][bookmark: _Toc481739424][bookmark: _Toc481739490][bookmark: _Toc481739640][bookmark: _Toc481740970][bookmark: _Toc482186558][bookmark: _Toc482190352][bookmark: _Toc482255903][bookmark: _Toc482349397][bookmark: _Toc482358413][bookmark: _Toc482363468][bookmark: _Toc482363917][bookmark: _Toc482364080][bookmark: _Toc482364380][bookmark: _Toc482364510][bookmark: _Toc482365870][bookmark: _Toc482366015][bookmark: _Toc482366401]LCHs that can use any TTI length
The UE can indicate its needs for UL transmission resource by sending scheduling request (SR) and buffer status report (BSR). The eNB should have the means to interpret the SRs and BSRs and issue grants of UL resource suitable for the UE in terms of latency and throughput. The eNB can meet the different QoS targets of LCHs of different UEs by configuring them with short TTIs or not. For LCHs with tight requirements on low delay, it is beneficial to use SRs that is received at the eNB with short delay. We note that 
[bookmark: _Toc481527460][bookmark: _Toc481528592][bookmark: _Toc481528647][bookmark: _Toc481528740][bookmark: _Toc481652914][bookmark: _Toc481653896][bookmark: _Toc481737844][bookmark: _Toc481738973][bookmark: _Toc481739230][bookmark: _Toc481739279][bookmark: _Toc481739425][bookmark: _Toc481739491][bookmark: _Toc481739641][bookmark: _Toc481740971][bookmark: _Toc482186559][bookmark: _Toc482190353][bookmark: _Toc482255904][bookmark: _Toc482349398][bookmark: _Toc482358414][bookmark: _Toc482363469][bookmark: _Toc482363918][bookmark: _Toc482364081][bookmark: _Toc482364381][bookmark: _Toc482364511][bookmark: _Toc482365871][bookmark: _Toc482366016][bookmark: _Toc482366402][bookmark: _Toc481514144]An SR is always triggered by a “Regular BSR”, and the UL-SCH transmission after an SR is triggered will include a BSR. 
The eNB can configure low allowed TTI length LCHs in a separate LCG, then if BSRs indicate data in that LCG then eNB knows the allowed TTI length of the data at the UE.
[bookmark: _Toc481527461][bookmark: _Toc481528593][bookmark: _Toc481528648][bookmark: _Toc481528741][bookmark: _Toc481652915][bookmark: _Toc481653897][bookmark: _Toc481737845][bookmark: _Toc481738974][bookmark: _Toc481739231][bookmark: _Toc481739280][bookmark: _Toc481739426][bookmark: _Toc481739492][bookmark: _Toc481739642][bookmark: _Toc481740972][bookmark: _Toc482186560][bookmark: _Toc482190354][bookmark: _Toc482255905][bookmark: _Toc482349399][bookmark: _Toc482358415][bookmark: _Toc482363470][bookmark: _Toc482363919][bookmark: _Toc482364082][bookmark: _Toc482364382][bookmark: _Toc482364512][bookmark: _Toc482365872][bookmark: _Ref482365977][bookmark: _Toc482366017][bookmark: _Toc482366403]By grouping LCHs that have similar QoS requirements and similar allowed TTI length in the same LCG, the eNB can analyze BSRs to know what the allowed TTI lengths are for the LCGs with data. 
[bookmark: _Toc481527471][bookmark: _Toc481528603][bookmark: _Toc481528658][bookmark: _Toc481528751][bookmark: _Toc481652925][bookmark: _Toc481653907][bookmark: _Toc481737852][bookmark: _Toc481738981][bookmark: _Toc481739238][bookmark: _Toc481739287][bookmark: _Toc481739433][bookmark: _Toc481739499][bookmark: _Toc481739649][bookmark: _Toc481740979][bookmark: _Toc482186567][bookmark: _Toc482190361][bookmark: _Toc482255912][bookmark: _Toc482349406][bookmark: _Toc482358422][bookmark: _Toc482363477][bookmark: _Toc482363926][bookmark: _Toc482364089][bookmark: _Toc482364389][bookmark: _Toc482364519][bookmark: _Toc482365879][bookmark: _Toc482366023][bookmark: _Toc482366409]Keep the existing BSR procedures and formats, e.g., with buffer status reported per LCG and at most 4 LCGs. 
This means existing triggering and cancellation of BSRs can be kept regardless of if PUSCH or sPUSCH is used. 
With short TTIs there will be sPUCCH resources for SR, potentially with shorter delay than PUCCH, as well as the already existing PUCCH resources for SR. 
[bookmark: _Toc480993272][bookmark: _Toc480993960][bookmark: _Toc481133775][bookmark: _Toc481134179][bookmark: _Toc481162994][bookmark: _Toc481424071][bookmark: _Toc481424121][bookmark: _Toc481424201][bookmark: _Toc481514145][bookmark: _Toc481527462][bookmark: _Toc481528594][bookmark: _Toc481528649][bookmark: _Toc481528742][bookmark: _Toc481652916][bookmark: _Toc481653898][bookmark: _Toc481737846][bookmark: _Toc481738975][bookmark: _Toc481739232][bookmark: _Toc481739281][bookmark: _Toc481739427][bookmark: _Toc481739493][bookmark: _Toc481739643][bookmark: _Toc481740973][bookmark: _Toc482186561][bookmark: _Toc482190355][bookmark: _Toc482255906][bookmark: _Toc482349400][bookmark: _Toc482358416][bookmark: _Toc482363471][bookmark: _Toc482363920][bookmark: _Toc482364083][bookmark: _Toc482364383][bookmark: _Toc482364513][bookmark: _Toc482365873][bookmark: _Toc482366018][bookmark: _Toc482366404]An eNB can identify if a received SR corresponds to low-latency traffic by the physical channel (sPUCCH, or PUCCH) where the SR is received, if a UE would indicate SR for low-latency LCG on sPUCCH. 
a. [bookmark: _Toc480899659][bookmark: _Toc480993273][bookmark: _Toc480993961][bookmark: _Toc481133776][bookmark: _Toc481134180][bookmark: _Toc481162995][bookmark: _Toc481424072][bookmark: _Toc481424122][bookmark: _Toc481424202][bookmark: _Toc481514146][bookmark: _Toc481527463][bookmark: _Toc481528595][bookmark: _Toc481528650][bookmark: _Toc481528743][bookmark: _Toc481652917][bookmark: _Toc481653899][bookmark: _Toc481737847][bookmark: _Toc481738976][bookmark: _Toc481739233][bookmark: _Toc481739282][bookmark: _Toc481739428][bookmark: _Toc481739494][bookmark: _Toc481739644][bookmark: _Toc481740974][bookmark: _Toc482186562][bookmark: _Toc482190356][bookmark: _Toc482255907][bookmark: _Toc482349401][bookmark: _Toc482358417][bookmark: _Toc482363472][bookmark: _Toc482363921][bookmark: _Toc482364084][bookmark: _Toc482364384][bookmark: _Toc482364514][bookmark: _Toc482365874][bookmark: _Toc482366019][bookmark: _Toc482366405]Upon receiving an SR on PUCCH, eNB can grant regular TTI (1ms-TTI) resources (PUSCH).
b. [bookmark: _Toc480899660][bookmark: _Toc480993274][bookmark: _Toc480993962][bookmark: _Toc481133777][bookmark: _Toc481134181][bookmark: _Toc481162996][bookmark: _Toc481424073][bookmark: _Toc481424123][bookmark: _Toc481424203][bookmark: _Toc481514147][bookmark: _Toc481527464][bookmark: _Toc481528596][bookmark: _Toc481528651][bookmark: _Toc481528744][bookmark: _Toc481652918][bookmark: _Toc481653900][bookmark: _Toc481737848][bookmark: _Toc481738977][bookmark: _Toc481739234][bookmark: _Toc481739283][bookmark: _Toc481739429][bookmark: _Toc481739495][bookmark: _Toc481739645][bookmark: _Toc481740975][bookmark: _Toc482186563][bookmark: _Toc482190357][bookmark: _Toc482255908][bookmark: _Toc482349402][bookmark: _Toc482358418][bookmark: _Toc482363473][bookmark: _Toc482363922][bookmark: _Toc482364085][bookmark: _Toc482364385][bookmark: _Toc482364515][bookmark: _Toc482365875][bookmark: _Toc482366020][bookmark: _Toc482366406]Upon receiving an SR on sPUCCH (sSR), eNB can grant short TTI (<1ms-TTI) resources (sPUSCH).
[bookmark: _Toc480899661]SR over sPUCCH is a critical factor to enable a UE to fast inform its serving eNB of data availability. If configurable sPUCCH is sparsely distributed in time, the UE might have to wait a long time before sending an SR, and the overall UL latency will be longer. 
[bookmark: _Toc480899662][bookmark: _Toc480993275][bookmark: _Toc480993963][bookmark: _Toc481133778][bookmark: _Toc481134182][bookmark: _Toc481162997][bookmark: _Toc481424074][bookmark: _Toc481424124][bookmark: _Toc481424204][bookmark: _Toc481514148][bookmark: _Toc481527465][bookmark: _Toc481528597][bookmark: _Toc481528652][bookmark: _Toc481528745][bookmark: _Toc481652919][bookmark: _Toc481653901][bookmark: _Toc481737849][bookmark: _Toc481738978][bookmark: _Toc481739235][bookmark: _Toc481739284][bookmark: _Toc481739430][bookmark: _Toc481739496][bookmark: _Toc481739646][bookmark: _Toc481740976][bookmark: _Toc482186564][bookmark: _Toc482190358][bookmark: _Toc482255909][bookmark: _Toc482349403][bookmark: _Toc482358419][bookmark: _Toc482363474][bookmark: _Toc482363923][bookmark: _Toc482364086][bookmark: _Toc482364386][bookmark: _Toc482364516][bookmark: _Toc482365876][bookmark: _Toc482366021][bookmark: _Toc482366407]To guarantee low latency performance, a proper density in time domain of sPUCCH can be configured for the UE who has a low-latency LCG. 
[bookmark: _Toc480993276][bookmark: _Toc480993964][bookmark: _Toc481133779]In legacy LTE system there is a fallback to RACH when SR on PUCCH fails, this involves dropping all configured: PUCCH resources, SRS, UL grants, and DL assignments. 
It should be noted that sPUCCH link performance is worse than PUCCH performance due to the shorter TTI length leading to less Rx energy at the eNB. A UE may not have sPUCCH coverage but still have PUCCH coverage. 
[bookmark: _Toc482186565][bookmark: _Toc482190359][bookmark: _Toc482255910][bookmark: _Toc482349404][bookmark: _Toc482358420][bookmark: _Toc482363475][bookmark: _Toc482363924][bookmark: _Toc482364087][bookmark: _Toc482364387][bookmark: _Toc482364517][bookmark: _Toc482365877][bookmark: _Toc482366022][bookmark: _Toc482366408]Reception of sPUCCH carrying SR may fail due to sPUCCH coverage issue while PUCCH have good coverage. 
If some LCHs/LCGs only have short TTI as allowed TTI length and they would only use SR on sPUCCH, if the sPUCCH carrying SR is not correctly received at the eNB; there is no way for the eNB to know there was an SR transmission attempt on sPUCCH or that there is a coverage issue. To avoid extra delay, due to bad sPUCCH coverage, we can have SR being transmitted on both sPUCCH and PUCCH when both are configured. This is like how, for the “PUCCH on SCell”-feature, the UE sends SRs on both PCell-PUCCH and SCell-PUCCH when configured. 
[bookmark: _Toc482365880][bookmark: _Toc482366024][bookmark: _Toc482366410][bookmark: _Toc482186568][bookmark: _Toc482190362][bookmark: _Toc482255913][bookmark: _Toc482349407][bookmark: _Toc482358423][bookmark: _Toc482363478][bookmark: _Toc482363927][bookmark: _Toc482364090][bookmark: _Toc482364390][bookmark: _Toc482364520]The UE shall transmit SRs on both sPUCCH and PUCCH when both are configured. 
[bookmark: _Toc482365881][bookmark: _Toc482366025][bookmark: _Toc482366411]If simultaneous transmission on sPUCCH and PUCCH is not supported by RAN1 specification and they overlap in time, selection is left to UE implementation.
When eNB receives SR on PUCCH, the eNB might choose to allocate sPUSCH or PUSCH resources, using sPUSCH delay can be lower than using PUSCH. The received BSRs can be analyzed to decide what type of grants to issue, see Observation 3. 
For PUCCH there is the sr-ProhibitTimer to limit the number of SRs sent which allows the eNB some time to reply with a grant. An SR on sPUCCH can similarly start an ssr-ProhibitTimer to prohibit SRs on sPUCCH until it times out. This will decrease the number of sPUCCH SRs sent, allows the eNB some time to issue a sPUSCH grant, and decreases sPUCCH interference to other cells.
[bookmark: _Toc481514154][bookmark: _Toc481527474][bookmark: _Toc481528606][bookmark: _Toc481528661][bookmark: _Toc481528754][bookmark: _Toc481652928][bookmark: _Toc481653910][bookmark: _Toc481737855][bookmark: _Toc481738984][bookmark: _Toc481739241][bookmark: _Toc481739290][bookmark: _Toc481739436][bookmark: _Toc481739502][bookmark: _Toc481739652][bookmark: _Toc481740982][bookmark: _Toc482186569][bookmark: _Toc482190363][bookmark: _Toc482255914][bookmark: _Toc482349408][bookmark: _Toc482358424][bookmark: _Toc482363479][bookmark: _Toc482363928][bookmark: _Toc482364091][bookmark: _Toc482364391][bookmark: _Toc482364521][bookmark: _Toc482365882][bookmark: _Toc482366026][bookmark: _Toc482366412]An SR transmitted on sPUCCH starts an ssr-ProhibitTimer to prohibit SRs on sPUCCH until it times out. 
In legacy, transmitting a BSR on PUSCH will cancel all pending SRs. There is a risk of an extra delay if a UE is scheduled on PUSCH when new low latency data arrives triggering an SR that is canceled by a PUSCH BSR transmission before any sPUCCH SR transmission can take place. This is not expected to be a common case and the incurred extra delay is short, thus we can cancel all BSRs and SRs at the inclusion of a BSR in any MAC PDU.
[bookmark: _Toc481527482][bookmark: _Toc481528613][bookmark: _Toc481528668][bookmark: _Toc481528761][bookmark: _Toc481652935][bookmark: _Toc481653917][bookmark: _Toc481737862][bookmark: _Toc481738991][bookmark: _Toc481739248][bookmark: _Toc481739297][bookmark: _Toc481739443][bookmark: _Toc481739509][bookmark: _Toc481739659][bookmark: _Toc481740989][bookmark: _Toc482186570][bookmark: _Toc482190364][bookmark: _Toc482255915][bookmark: _Toc482349409][bookmark: _Toc482358425][bookmark: _Toc482363480][bookmark: _Toc482363929][bookmark: _Toc482364092][bookmark: _Toc482364392][bookmark: _Toc482364522][bookmark: _Toc482365883][bookmark: _Toc482366027][bookmark: _Toc482366413][bookmark: _Toc481527483]Like in legacy LTE, inclusion of a non-padding BSR in a MAC PDU for transmission cancel all pending BSRs and SRs, no spec change needed.
Cancelling all pending SRs at the transmission of a BSR on sPUSCH poses a risk as the sPUSCH fails more likely than PUSCH (due to less energy being received at the eNB for sPUSCH), in which case we must wait for retxBSR-Timer before a new SR is triggered. But eNB can notice the failed sPUSCH reception and start issuing PUSCH grants instead, and eventually a new BSR will be included. 
A 36.321 Text Proposal for the proposals above is found in the appendix. 
Conclusion
In section 2 we made the following observations:
Observation 1	Three different LCH configurations have been agreed:
	LCHs that are only allowed to use short TTI length
	LCHs that are only allowed to use legacy TTI length
	LCHs that can use any TTI length
Observation 2	An SR is always triggered by a “Regular BSR”, and the UL-SCH transmission after an SR is triggered will include a BSR.
Observation 3	By grouping LCHs that have similar QoS requirements and similar allowed TTI length in the same LCG, the eNB can analyze BSRs to know what the allowed TTI lengths are for the LCGs with data.
Observation 4	An eNB can identify if a received SR corresponds to low-latency traffic by the physical channel (sPUCCH, or PUCCH) where the SR is received, if a UE would indicate SR for low-latency LCG on sPUCCH.
a.	Upon receiving an SR on PUCCH, eNB can grant regular TTI (1ms-TTI) resources (PUSCH).
b.	Upon receiving an SR on sPUCCH (sSR), eNB can grant short TTI (<1ms-TTI) resources (sPUSCH).
Observation 5	To guarantee low latency performance, a proper density in time domain of sPUCCH can be configured for the UE who has a low-latency LCG.
Observation 6	Reception of sPUCCH carrying SR may fail due to sPUCCH coverage issue while PUCCH have good coverage.

Based on the discussion in section 2 we propose the following:
Proposal 1	Keep the existing BSR procedures and formats, e.g., with buffer status reported per LCG and at most 4 LCGs.
Proposal 2	The UE shall transmit SRs on both sPUCCH and PUCCH when both are configured.
Proposal 3	If simultaneous transmission on sPUCCH and PUCCH is not supported by RAN1 specification and they overlap in time, selection is left to UE implementation.
Proposal 4	An SR transmitted on sPUCCH starts an ssr-ProhibitTimer to prohibit SRs on sPUCCH until it times out.
Proposal 5	Like in legacy LTE, inclusion of a non-padding BSR in a MAC PDU for transmission cancel all pending BSRs and SRs, no spec change needed.

References
[bookmark: _Ref482363950]RP-161299, Work Item on shortened TTI and processing time for LTE, 3GPP RAN#72

[bookmark: _Ref189046994]Appendix: Text Proposal
The following is an example how the proposals above can be implemented in 36.321 v14.2.0 by modifying a few sections. 
The DRX section also has some mentioning of scheduling request that will need to be modified to include short TTIs. 


[bookmark: _Toc477940910]5.4.4	Scheduling Request
The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission.
When an SR is triggered, it shall be considered as pending until it is cancelled. All pending SR(s) shall be cancelled and sr-ProhibitTimer and ssr-ProhibitTimer shall be stopped when a MAC PDU is assembled and this PDU includes a BSR which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5), or, if all pending SR(s) are triggered by Sidelink BSR, when a MAC PDU is assembled and this PDU includes a Sidelink BSR which contains buffer status up to (and including) the last event that triggered a Sidelink BSR (see subclause 5.14.1.4), or, if all pending SR(s) are triggered by Sidelink BSR, when upper layers configure autonomous resource selection, or when the UL grant(s) can accommodate all pending data available for transmission (while respecting the allowed TTI lengths).
If an SR is triggered and there is no other SR pending, the MAC entity shall set the SR_COUNTER to 0.
As long as one SR is pending, the MAC entity shall for each TTI:
-	if no UL-SCH resources are available for a transmission in this TTI:
-	if the MAC entity has no valid PUCCH nor sPUCCH resource for SR configured in any TTI and if rach-Skip for the MCG MAC entity or rach-SkipSCG for the SCG MAC entity is not configured: initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel all pending SRs;
-	else if the MAC entity has at least one valid PUCCH resource for SR configured for this TTI and if this TTI is not part of a measurement gap or Sidelink Discovery Gap for Transmission:
-	if the MAC entity has at least one valid PUCCH resource for SR configured for this TTI and if sr-ProhibitTimer is not running, or
-	if the MAC entity has at least one valid sPUCCH resource for SR configured for this TTI and if ssr-ProhibitTimer is not running:
-	if SR_COUNTER < dsr-TransMax:
-	increment SR_COUNTER by 1;
-	instruct the physical layer to signal the SR on one valid PUCCH resource for SR;
-	if the SR was sent on PUCCH, start the sr-ProhibitTimer;.
-	if the SR was sent on sPUCCH, start the ssr-ProhibitTimer.
-	else:
-	notify RRC to release PUCCH and sPUCCH for all serving cells;
-	notify RRC to release SRS for all serving cells;
-	clear any configured downlink assignments and uplink grants;
-	initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel all pending SRs.
NOTE:	The selection of which valid PUCCH/sPUCCH resource for SR to signal SR on when the MAC entity has more than one valid PUCCH/sPUCCH resource for SR in one TTI is left to UE implementation.
NOTE:	SR_COUNTER is incremented for each SR bundle. sr-ProhibitTimer is started in the first TTI of an SR bundle.
[bookmark: _Toc477940911]5.4.5	Buffer Status Reporting
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. RRC controls BSR reporting by configuring the three timers periodicBSR-Timer, retxBSR-Timer and logicalChannelSR-ProhibitTimer and by, for each logical channel, optionally signalling logicalChannelGroup which allocates the logical channel to an LCG [8].
For the Buffer Status reporting procedure, the MAC entity shall consider all radio bearers which are not suspended and may consider radio bearers which are suspended.
For NB-IoT the Long BSR is not supported and all logical channels belong to one LCG.
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".
For Regular BSR:
-	if the BSR is triggered due to data becoming available for transmission for a logical channel for which logicalChannelSR-ProhibitTimer is configured by upper layers:
-	start or restart the logicalChannelSR-ProhibitTimer;
-	else:
-	if running, stop the logicalChannelSR-ProhibitTimer.
For Regular and Periodic BSR:
-	if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report Long BSR;
-	else report Short BSR.
For Padding BSR:
-	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:
-	if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report Truncated BSR of the LCG with the highest priority logical channel with data available for transmission;
-	else report Short BSR.
-	else if the number of padding bits is equal to or larger than the size of the Long BSR plus its subheader, report Long BSR.
For NB-IoT:
-	if rai-Activation is configured, and a buffer size of zero bytes has been triggered for the BSR, and the UE may have more data to send or receive in the near future (FFS):
-	cancel any pending BSR.
If the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled:
-	if the MAC entity has UL resources allocated for new transmission for this TTI:
-	instruct the Multiplexing and Assembly procedure to generate the BSR MAC control element(s);
-	start or restart periodicBSR-Timer except when all the generated BSRs are Truncated BSRs;
-	start or restart retxBSR-Timer.
-	else if a Regular BSR has been triggered and logicalChannelSR-ProhibitTimer is not running:
-	if an uplink grant is not configured or the Regular BSR was not triggered due to data becoming available for transmission for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers:
-	a Scheduling Request shall be triggered.
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.
The MAC entity shall restart retxBSR-Timer upon indication of a grant for transmission of new data on any UL-SCH.
All triggered BSRs shall be cancelled in case the UL grant(s) in this TTI can accommodate all pending data available for transmission (while respecting the allowed TTI lengths) 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.
The MAC entity shall transmit at most one Regular/Periodic BSR in a TTI. 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.
All BSRs transmitted in a TTI always reflect the buffer status after all MAC PDUs have been built for this TTI. Each LCG shall report at the most one buffer status value per TTI and this value shall be reported in all BSRs reporting buffer status for this LCG.
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.
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