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1. Introduction

General procedure for SR has been captured in [1]. In meeting RAN #63, different NDI concept was adopted for SPS to simplify UE behaviour [2] [3]. Under current agreements, interactions between SR and SPS are unknown or at least unclear. This paper considers the SR behaviour when SPS is configured and aims to eliminate the confusion.
2. Discussion
From current MAC spec, if the PUCCH is configured for the UE, the pending SR is repeated until UL-SCH resources are granted for a new transmission. For dynamic scheduling (DS), a UE recognizes a new transmission by HARQ ID and NDI. For the same HARQ ID, the toggled NDI indicates a new transmission, otherwise, a retransmission. However, SPS was introduced along with new NDI concept. For SPS, specific HARQ ID(s) is assigned/associated with SPS, and NDI is always set to zero for activation/modification and one for retransmission. We found two types of confusion may occur:
1. Whether UL-SCH resources without PDCCH assignment, e.g. periodic SPS UL resources, should terminate SR?

2. Whether SPS UL-SCH resources with PDCCH assignment, e.g. SPS activation/modification, should terminate SR?
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Table 1 SR behaviour under different scenarios
Table 1 shows that the behaviour of SR with DS PDCCH assignments is definite with current spec, but unclear with the SPS assignments. A UE could identify the specific scenario through UE’s C-RNTI, SPS C-RNTI (or SPS HARQ ID) and NDI. We further consider the consequence of each case.
For the SPS retransmission case, it is obvious that the SR should continue, since the UL grant is not for any new data. Even though NDI concept is different for SPS assignment, there is little doubt that a UE shall continue SR after a UL-SCH resource granted for SPS retransmission.
There are two cases for new SPS transmission, SPS activation/modification and periodic SPS resources. For the SPS activation/modification case, this new UL-SCH assignment concerns mainly SPS data. Since there is no information whether the SR is triggered by excess SPS data or non-SPS data, we prefer to let the SR continue. The rationale here is the termination of SR might cause non-SPS data to sit in the transmission buffer for a long time and the worst case scenario for continuing SR is just a wasted DL assignment (only if eNB decides to react to the SR).

[image: image1.bmp]For the SPS periodic resources, these resources are not assigned by PDCCH every time (dynamic overwrite is possible, however, already covered in the DS scenarios) but predefined by RRC configuration. Since there is no PDCCH assignment, it’s not clear whether UE should terminate SR with these granted resources. If these periodic SPS resources would cancel SR, the pending SR may be cancelled before any PUCCH available. Fig. 1 illustrates a scenario that non-SPS data could sit in the transmission buffer for a long time. Since the SR is cancelled by the periodic SPS resource before it could reach the coming PUCCH resource, eNB is never informed about the buffered non-SPS data. This cancellation could happen periodically and results in short-lived SRs which never reach PUCCH resources.
Proposal 1: A triggered SR remains pending and is repeated until UL-SCH resources are granted by dynamic scheduling C-RNTI for a new transmission.
(a) A pending SR is not cancelled by SPS activation/modification.
(b) A pending SR is not cancelled by periodic SPS resources.

An eNB has the freedom to ignore the SR from any UE if it deems proper and could also terminate a UE’s SR by assigning a UL resource through dynamic scheduling. Besides, the eNB could also configure the periodicity of SR for SPS UEs to a bigger value if the extra UL resource demand for SPS UEs is low. Even with all the authority eNB possesses, it is still beneficial for a UE to use PUCCH resource prudently. Fig.2 shows a scenario that SR is still pending when the transmission is already emptied by periodic SPS resources. Since there is no meaning for a UE continuing SR after the transmission buffer is emptied, some cancellation mechanism seems beneficial.
If the UE is configured with D-SR, when buffer becomes empty, MAC layer shall inform PHY layer to turn off the pending S-DR transmission. If the UE is not configured with D-SR, when buffer becomes empty, MAC stops transmitting Random Access Preamble right away. From spec, the pending SR is cancelled when Random Access Response is received by UE.
Proposal 2: A pending SR shall be cancelled if the transmission buffer becomes empty.
(a)If D-SR is configured for the UE, MAC informs PHY to deactivate pending D-SR.
(b)Otherwise, MAC stops transmitting Random Access Preamble.
3. Conclusion

This contribution discusses the interaction between new SPS transmission and SR. The idea is to allow pending SR continue with all SPS transmissions (activation/modification, retransmission, and new periodic transmission) and only dynamic scheduling grants for new transmission can stop pending SRs. Another cancellation condition, which is pending SR is cancelled by empty buffer, is also proposed to stop unnecessary SR with SPS configuration. Since current spec is not clear with these issues, we propose to agree below proposals.
Proposal 1: A triggered SR remains pending and is repeated until UL-SCH resources are granted by dynamic scheduling C-RNTI for a new transmission.
(a) A pending SR is not cancelled by SPS activation/modification.
(b) A pending SR is not cancelled by periodic SPS resources.
Proposal 2: A pending SR shall be cancelled if the transmission buffer becomes empty.
(a)If D-SR is configured, MAC informs PHY to deactivate pending D-SR.
(b) Otherwise, MAC stops transmitting Random Access Preamble.
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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 by dynamic scheduling C-RNTI for a new transmission or the transmission buffer becomes empty.
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Fig. 1 Periodic cancellation of SR
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Fig. 2 Pending SR with empty buffer
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