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1.
Introduction
Following are agreed for scheduling request procedure of TS 36.321. [1]
	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:
-
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, 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.


In this document, we discuss more on the SR procedure.

2.
Discussion
2.1 Repetition of SR
Firstly, it can be questioned whether the transmission of SR always leads to UL-SCH resource allocation in the following cases: 
Case of non-synchronized UL

According to section 5.2 of TS 36.321, UE has to release all the UL resources when it decides that UL timing is not synchronized. Because UL transmission by the non-synchronized UE has a bad impact on the system, that kind of transmission should be prevented. To achieve that, “Time Alignment Timer” is used. I.e., as long as the “Time Alignment Timer” is running, UE can consider itself as synchronized in UL and can use an allocated UL resource for transmission.

BTW, in case that UE think that it is synchronized in UL but the UL synchronization is actually lost, the UE should not transmit. But as long as the “Time Alignment Timer” is running, the UE may think that it can transmit over allocated resources without knowing that its UL synchronization is lost. Abrupt and fast movement of the UE or propagation change by geographical reasons in urban area can lead to this scenario. If this case occurs, it may be difficult for eNB to detect SR request by the UE and the eNB may not allocate UL-SCH resources to the UE. In addition, this results in the continuous unnecessary transmission of SR by the UE and results in just undesirable interference in the cell.
Case of low priority UE
If a UE which transmits SR is a regular-class UE, and if the cell resources are taken up by premium-class UEs, the UE may not be allocated with UL-SCH resources for a certain time period. Or, depending on the situation at eNB such as load increase, there can be some delay between the SR reception and UL-SCH allocation. In either case, it seems undesirable for the UE to continuously transmit SR, because that leads to interference increase or UE battery consumption. 
Proposal 1:
It is proposed to discuss whether above scenarios are likely or not. If it is likely, it is proposed to limit the number/time of continuous SR transmission. If it is unlikely and can be prevented, it is proposed to clarify this point in the spec by e.g. put a NOTE.
2.2 Interpretation of UL-SCH

When SR is triggered, if there is no PUCCH resource for SR transmission, RACH procedure is triggered. During RACH procedure, UL-SCH resources are allocated for RACH message-3 transmission. But until contention resolution is finished, it can not be guaranteed that BSR is successfully transmitted to eNB. In other words, just checking availability of UL-SCH resources is not a safe criterion for the UE’s stopping Scheduling Request procedure. 
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Fig. 1 End of SR with RACH
Only when the UE is addressed by PDCCH with its own C-RNTI either for UL-SCH allocation or for DL-SCH allocation after transmission of RACH message 3, the UE can safely turn off the triggered SR. If the eNB has missed RACH message 3 or if the UE loses at contention, it is not possible for the eNB to address the UE over PDCCH. In this case, stopping SR procedure leads to deadlock.
Proposal 2:

When a SR is triggered and RACH procedure is used, the triggered SR is considered pending until the UE is addressed over PDCCH.
2.3 Relation to SR procedure
Depending on the scheduler algorithm, the usage of UL resources or scheduling delay due to other higher priority user, it is possible that eNB allocates UL resources to the UE while the UE is performing SR procedure. In this case, because it is just 1-bit information transmission and there is direct relation to UL-SCH assignment, SR transmission over PUCCH will not cause big impact. But when SR over RACH procedure is performed or when persistent scheduling is used [2], there is an ambiguity in UE’s behaviour. One example of the problematic scenario is shown in figure 2.
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Fig. 2 Resource Ambiguity
Because contention-based RACH preamble is used, eNB will send RA Response using RA-RNTI. This RA Response message includes UL-SCH resources for the UE to transmit RACH message 3. At this stage, the eNB does not know who the recipient of the RA response and UL resource is. At the same time of RA Response transmission, if eNB sends UL GRANT to the UE using C-RNTI, the UE is allocated with another UL-SCH resource. In this case, it is not clear which UL-SCH resources the UE has to use. 

Same dilemma occurs when the UE is already assigned with persistent radio resources near the timing of RACH message-3 transmission.

One simple approach is for the UE to follow UL-GRANT addressed by its C-RNTI. Because RACH message 3 is less reliable due to contention, it is more efficient and faster in delivering BSR. Likewise, if UL-SCH resource addressed by the C-RNTI is received during preamble transmission or preamble ramping, the transmission also has to be stopped. Also, when the UE receives UL GRANT before RA response, there is no need for the UE to continue RACH procedure.
Proposal 3:

If UL-SCH allocation addressed with C-RNTI is received while SR procedure is ongoing, SR procedure ends. If UL-SCH allocation addressed with C-RNTI is received while RACH procedure is ongoing, the RACH procedure is cancelled and resource for RACH message-3 is not used. 
3.
Conclusion
It is proposed to agree on the following proposals:
Proposal 1:

It is proposed to discuss whether above scenarios are likely or not. If it is likely, it is proposed to limit the number/time of continuous SR transmission. If it is unlikely and can be prevented, it is proposed to clarify this point in the spec by e.g. put a NOTE.
Proposal 2:

When a SR is triggered and RACH procedure is used, the triggered SR is considered pending until the UE is addressed over PDCCH.
Proposal 3:

If UL-SCH allocation addressed with C-RNTI is received while SR procedure is ongoing, SR procedure ends. If UL-SCH allocation addressed with C-RNTI is received while RACH procedure is ongoing, the RACH procedure is cancelled and resource for RACH message-3 is not used. 
4.
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A.
Annex A. Text Proposal
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 via its C-RNTI over PDCCH:

-
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, 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 via its C-RNTI over PDCCH.
If PUCCH is used to send an SR for a configured number of times and UL-SCH GRANT is not received, the PUCCH resources are released.

If UL GRANT addressed by C-RNTI is received during Random Access procedure, Random Access procedure is aborted. 
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