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1. Introduction 

MAC Open Issue SR03 is as follows:

	
	Scheduling Request
	

	SR03
	Timing of SR trigger w r t “current” TTI
	Concern raised that a SR triggered within a certain TTI must generate a SR transmission in the same TTI; unrealistic if it is triggered e.g. close to the end of the TTI.


In this document we present two possible solutions to the problem.

2. A minimal fix
The current text in 36.321 section 5.4.4 reads:

“5.4.4
Scheduling Request 

The Scheduling Request (SR) is for requesting UL-SCH resources. 

If an SR has been triggered, the UE shall for each TTI, until UL-SCH resources are granted for a new transmission:

-
if no UL-SCH resources are available in this TTI:

-
if a PUCCH is configured for the UE to send an SR in this TTI and if there is no measurement gap in this TTI, instruct the physical layer to signal the SR on PUCCH; 

-
if no PUCCH for SR is configured for the UE in any TTI, initiate a Random Access procedure (see subclause 5.1).

NOTE:
A triggered SR is considered pending and is repeated until UL-SCH resources are granted for a new transmission.”

This can be read as implying that the actions indicated must be performed (in the absence of UL-SCH resource) in the TTI in which an SR is triggered, even if there is not actually time to do so.

A minimal change which corrects this problem is to reorder the original clause, such that there is a check in a TTI whether the SR has already been triggered. A sensible UE implementation will make this check such that there is time to carry out the required events if an SR has already been triggered. If an SR is triggered later in the TTI, it does not have to be responded to until the next TTI. 

“5.4.4
Scheduling Request 

The Scheduling Request (SR) is for requesting UL-SCH resources. 

For each TTI, if an SR has been triggered and no UL-SCH resources have been granted for a new transmission:

-
if no UL-SCH resources are available in this TTI:

-
if a PUCCH is configured for the UE to send an SR in this TTI and if there is no measurement gap in this TTI, the UE shall instruct the physical layer to signal the SR on PUCCH; 

-
if no PUCCH for SR is configured for the UE in any TTI, the UE shall initiate a Random Access procedure (see subclause 5.1).

NOTE:
A triggered SR is considered pending and is repeated until UL-SCH resources are granted for a new transmission.”
A CR corresponding to this change is included in Annex A.
3. More efficient operation
During various discussions and tdocs relating to SR and BSR a number of companies (e.g. [1], [2], [3]) have identified that more careful use of SR triggers would lead to increased system efficiency and performance. In particular, the current specifications require a UE to react to an SR trigger during the TTI in which it is triggered (even if this is not possible). However, in the event that a UE has, or expects to have, an uplink grant available in a few TTIs, it would be possible to delay sending the SR, and instead send a regular BSR in this upcoming grant, reducing unnecessary extra transmissions.
Therefore the eNB should be able to configure a delay period for a UE to wait before transmitting a SR when data arrives in its buffer. If a grant is received during this period, the UE would simply transmit a BSR using the transmission resources provided by the received grant.

The delay period should apply at least to low-priority data. The delay could therefore be configured per logical channel group. A typical example where a delay could be configured is the example of a persistent schedule for a VoIP LCG, as proposed in [1].

One motivation for this proposal is to avoid unnecessary transmissions on the PUCCH. Unlike the PUSCH, the PUCCH uses a shared time-frequency resource between multiple users, using a form of CDMA. Therefore any transmission on the PUCCH causes interference to other users of the PUCCH, reducing the received SIR at the eNB. Therefore from a physical layer perspective it is beneficial to minimise PUCCH usage as far as possible. 

· Another instance where PUCCH usage can be reduced is if the UE has already received a grant message which is applicable a short while later (typically about 3 ms). In this case the eNB cannot allocate a grant earlier than the one the UE has already received, so the UE should not send an SR. 

This is illustrated below:

[image: image1.emf] 

UL grant received here 

applicable  here  

UE should not send a SR in these subframes,  as the eNB cannot give a grant any sooner  than the grant that the UE already has.   


 A CR which provides improved SR triggering and timing to correct the open issue and improve system performance is included in Annex B.
4. Conclusions

Two proposals have been made to close the open issue on SR timing. One has minimal impact on the specifications, and just removes the critical problem. The other additionally improves the system performance by reducing unnecessary SR transmissions.
CRs for both proposals are included in Annexes A and B.
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The Scheduling Request (SR) is for requesting UL-SCH resources. 
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-
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-
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NOTE:
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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 in the UL buffers of the UE.

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

-
UL data 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 the data belongs to a logical channel with higher priority than those for which data already existed in the UE transmission buffer, in which case the BSR is referred below to as “Regular BSR”;
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-
if more than one LCG has buffered data 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.

If the Buffer Status reporting procedure determines that a BSR has been triggered since the last transmission of a BSR or this is the first time that a BSR is triggered:

-
if the UE has UL resources allocated for new transmission for this TTI or for any of the next max(3, NLCG-SR-delay) TTIs:

-
instruct the Multiplexing and Assembly procedure to generate a BSR MAC control element;

-
start/restart the PERIODIC BSR TIMER.

-
else if a Regular BSR has been triggered:

-
a Scheduling Request shall be triggered.
where NLCG-SR-delay is configured by RRC signalling for each LCG group.
NOTE:
Even if multiple events occur by the time a BSR can be transmitted, only one BSR will be included in the MAC PDU.

A pending BSR shall be cancelled in case the UL grant can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC control element.
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UE should not send a SR in these subframes, as the eNB cannot give a grant any sooner than the grant that the UE already has. 












