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1.
Introduction
In the last meeting in Warsaw, the issue of a robust delivery of BSR has been discussed. [1][2]
After a UE has transmitted a BSR, if the UE is not allocated with any UL-SCH within a certain time period, it can be called as abnormal situation. This can happen when there is a HARQ NACK-to-ACK error or when eNB does not have enough radio resource for the UE. 
2.
Discussion
2.1 Basic Scenario

Depending on whether UL-SCH resource was available when a BSR is triggered, one of the two scenarios below will occur:

- Scenario 1: UE without UL-SCH
1. A BSR is triggered due to data arrival to an empty buffer. 
2. When the BSR is triggered, there is not any available UL-SCH resource for the UE.

3. SR (PUCCH or RACH) procedure triggered and BSR is transmitted over UL-SCH allocated via SR procedure. 
4. Though UE has transmitted a BSR, the UE is not allocated with any UL-SCH resource.
- Scenario 2: UE with UL-SCH
1. A BSR is triggered due to data arrival to higher priority buffer or periodic timer expiry. 
2. When the BSR is triggered, there is available UL-SCH resource for the UE.

3. BSR is transmitted over the available UL-SCH resource. 
4. Though UE has transmitted a BSR, the UE is not allocated with any further UL-SCH resource. I.e., eNB stops UL-SCH resource allocation.

In above scenarios, the reason why the UE is not allocated any UL-SCH after transmission of BSR can be one of followings:

- Cause A: BSR transmission Error.
If there is HARQ NACK-to-ACK error, it means that BSR has not been successfully decoded at eNB. Because eNB does not know whether the UE has data or not, further UL-SCH resource will not be given to the UE.
This scenario can be a problem only when the lost BSR is not sent during RACH procedure. If a BSR is sent during RACH procedure, contention resolution may solve the problem eventually. But if the BSR is sent over UL-SCH that is allocated with C-RNTI, NACK-to-ACK error leads to stall situation. Thus, this cause A applies only to scenario 2.
- Cause B: eNB internal Problem.
Even when a BSR is successfully received by eNB, if the available UL-SCH resource in a cell is limited, the eNB may not allocate any UL-SCH to the UE. Especially, if the priority of the LCG with data is low or if the class of the UE is lower than other UEs, the eNB may not allocate any resource to the UE for some time.

Treatments for the above two causes are conflicting. For the first cause, the UE should immediately restart transmission of a BSR either by SR over PUCCH or RACH. For the second cause, the UE should wait until the available UL-SCH resource in a cell is enough so that the eNB can schedule the UE again. Otherwise, the interference in the cell will increase. But, the difficult part is that the UE does not know whether the deadlock situation is caused by the cause A or the cause B.
2.2 Another Scenario

Though multiple HARQ processes are available for a UE, it is not mandatory for eNB to use all the available HARQ processes. For example, even if eNB knows that a UE has a lot of data to send, eNB may decides to use only part of available HARQ processes depending on the scheduling algorithm or remaining UL resources in the cell. Furthermore, for low or middle bit rate services, eNB may use limited number of HARQ processes to reduce PDCCH overhead. I.e., rather than allocating small UL GRANT over PDCCH for every HARQ process, eNB may choose to allocate a large UL GRANT over PDCCH for only one HARQ process. Below, how to treat the triggered BSR is discussed. This is illustrated in the following figure 1.
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Fig 1. Example scenario 1
In the scenario shown in the figure 1, the question is whether a scheduling request procedure should be performed or not at event A. 
If event A triggers a scheduling procedure:

- Pros: Delay is reduced in delivering BSR information to eNB.

- Cons: If RACH is used for scheduling procedure, UE operation can be complicated. For example, if measurement Gap is configured, measurement may be delayed. Furthermore, HARQ process collision is more probable. I.e, in the above figure 1, timing of RACH-message-3 transmission may coincide with timing of HARQ process 1.
Similar analysis can be done in the following example in figure 2.
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Fig 2. Example scenario 2
In figure 2, if a BSR is triggered at event A, the triggered BSR will cause a scheduling request to be initiated. In this case, RACH procedure may start and the process used for RACH_MSG_3 transmission may collide with one of the HARQ process. This will lead to complex HARQ procedure. Current specification seems to say that RACH message 3 Grant will flush the related HARQ process buffer. But if scheduling request procedure is delayed, this collision can be avoided.
In addition to the problem above, current specification results in different behavior for D-SR and RACH. This point is discussed in ANNEX.A.
3.
Proposal
To correct the problem described in section 2.2, one simple solution is to restrict the use of scheduling request procedure as much as possible. Specifically, the solution is that the triggering of a scheduling request procedure is allowed only when all the HARQ processes do not have any valid grant. By doing this, the problem in section 2.2 can be avoided because the collision between RACH and normal UL-SCH HARQ procedure does not occur. I.e., in figure 1 and 2, SR procedure should not start at event A.
In addition, to handle the problem in section 2.1, it is proposed that UE checks its buffer when all the HARQ processes do not have any valid grant. If the there is any buffer that is not empty, a scheduling procedure or BSR procedure is immediately started. In the figure 1 and 2, event B is the time when all the HARQ process lose valid uplink grant. At this event B, the UE checks its buffer and if there is data, BSR/SR procedure is initiated. In this way, stall situation can be prevented.
4.
Conclusion
It is proposed to agree:
- When there is no more HARQ process with valid UL grant, and if there is non-empty buffer, a BSR is triggered.

- If a BSR is triggered when there is a HARQ process with valid UL grant, scheduling request procedure is not triggered.

A draft CR is in [3]

5.
Reference
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6.
Annex A
In this annex, the difference between D-SR and RACH is shown. Depending on whether PUCCH for D-SR is configured or not, the timing when SR starts is different. 
From the current specification, section 5.4.4 states:

	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.




Text highlighted in yellow in combination with text highlighted in green and blue produces the following figure 3. I.e., D-SR resource is usable only when there is no ongoing HARQ at the timing of D-SR resource.

[image: image3.emf]1234567812345678123456781234567812345678

Processes at UE

Initial TX of Process X

Event A: Regular/Periodic BSR

-> SR procedure triggered

X

X

Re-TX of process X

12345678

D-SR can be

 used from Here

D-SR Resource Timing

D D D D D


Fig 3 In case of D-SR
On the other hand, for the case when there is no configured D-SR resource, text highlighted in purple, yellow and blue produces following figure 4. I.e., when there is no D-SR, the RACH can start at the timing of first idle HARQ process. 
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Fig 4 In case of RACH
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