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1. Introduction

Following the decision in RAN2#60bis for using RRC for semi persistent scheduling (SPS) configuration and PDCCH for SPS activation it was decided in RAN2#61bis to distinguish a PDCCH for persistent scheduling activation by using a special C-RNTI. 

2. Discussion
In the following discussion section a PDCCH that is intended for persistent scheduling and has a CRC field masked with the special C-RNTI is named a SPS-PDCCH. In the same manner the C-RNTI used for indicating SPS is named SPS-C-RNTI.

2.1. Configuration

In the SPS configuration message send via RRC the UE will be provided with the necessary parameters. So far the parameters are not defined.

2.1.1. Additional C-RNTI

As already mentioned above, distinguishing a SPS-PDCCH from a dynamic PDCCH is done by using a SPS-C-RNTI. We propose to assign this SPS-C-RNTI in the RRC configuration message for SPS to the UE.
2.1.2. Parameter for periodicity

At a minimum one parameter setting the periodicity for SPS has to be configured.

However, providing just one periodicity for SPS allows only configuration for one pattern, i.e. talk spurt. Further modes, i.e. silent periods which would require another periodicity would then have to be scheduled dynamically or SPS would have to be reconfigured. 

However, if more than one periodicity parameter is provided in the configuration message a method for selecting between the periodicities is needed. The selection could be indicated in a field in the activation SPS-PDCCH. However, this would result in having different PDCCH formats for dynamic and persistent scheduling.

Therefore, in order to keep the advantages of the agreed C-RNTI solution for SPS we would like to have the same format for dynamic and SPS-PDCCH. Consequently, we propose to configure only one periodicity for SPS in the configuration message.
2.1.3. Parameter for HARQ memory handling for SPS

Two methods are in discussion for HARQ process handling for SPS. One is to provide additional HARQ memory for SPS which is separate from the HARQ memory used for dynamic scheduling. The other method is to reserve one or more process IDs out of the HARQ processes for dynamic scheduling.

The latter method avoids the usage of additional HARQ memory which would be unused while the UE is not persistently scheduled. Furthermore signaling for SPS retransmissions can be performed less complex as shown in section 2.3. We therefore propose to reserve one HARQ process ID for SPS HARQ operations. This process ID is taken out of the process IDs used for HARQ operations for dynamically scheduled data. While reserving one dynamic HARQ process only slightly impacts the maximum throughput of the UE, reserving more than one HARQ process could be gradually degrading the performance of the UE. For further details on SPS HARQ operations addressing the time boundary for SPS retransmissions see also [1].

The reservation of a dynamic HARQ process for SPS requires that UE is informed which HARQ process ID is associated with SPS.

It is possible that this information is solely provided in the SPS-PDCCH used for activation. The process ID selected in the HARQ process ID field of the activation SPS-PDCCH will then indicate the process ID reserved for SPS to the UE.

A more reliable method is to additionally indicate the reserved HARQ process ID send via RRC in the configuration message. Apart from taking advantage from the safer transmission process of RRC messages (HARQ) as compared to sole PDCCH signaling, comparing the process ID signaled via RRC with the one received in the SPS-PDCCH would provide a method to double-check the SPS-PDCCH reception without using a special PDCCH format.

We propose to signal the reserved HARQ process ID that is used for SPS HARQ operations in the RRC SPS configuration message. Furthermore we propose that the HARQ process ID field in the SPS-PDCCHs will point to the reserved HARQ process used for SPS.

2.2. Activation

Activation of SPS is done as decided in RAN2#61 by using an SPS-PDCCH which is activating the persistent grant on the indicated RBs and the MCS together with the periodicity signaled in the RRC configuration message. Furthermore, the dynamic HARQ process ID reserved for SPS [1] is indicated in the HARQ process ID field of the SPS-PDCCH as discussed above. 

In order to allow for efficient UE battery management we propose the allowed time frame for SPS activation to be limited to the on-duration time of the UE.

2.3. Retransmission

A further advantage of using a reserved HARQ process ID for SPS retransmissions is that SPS retransmission grants can be distinguished from SPS activation grants very easily.

A SPS retransmission is indicated by a dynamic PDCCH that includes the reserved HARQ process ID. Dynamic C-RNTI plus reserved HARQ  process ID will uniquely identify this PDCCH as a SPS retransmission grant.
2.4. Deactivation of UL and DL SPS

Explicit deactivation of SPS is necessary, especially in regard to UL SPS in order to avoid wasting UL resources. In order to avoid UL collisions the deactivation needs to be reliable.

Deactivation of SPS in UL and DL can be done by sending a further activation SPS-PDCCH. To distinguish this deactivation from the actual activation a special codepoint in the PDCCH would be needed. A zero-size TBS in the MCS field or a zero-resource-allocation in the RB field of the PDCCH could be a codepoint for identifying SPS deactivation.

A further method for deactivating SPS is defining new MAC CEs for SPS deactivation. Avoiding the usage of the PDCCH format has the advantage of keeping the SPS-PDCCH the same as the dynamic PDCCH format since no additional codepoints need to be introduced. Additionally, since the MAC CE is received via PDSCH the use of HARQ is inherent, therefore this method is more robust than deactivation via PDCCH and lowers the risk of missing the deallocation thus reducing the probability of creating interference in the UL. 

Given the above reasons we prefer to signal the deactivation for SPS as by MAC Control Element in order to ensure safe reception thus minimizing the possibility of UL interference.
Since deactivation of UL and DL SPS can occur at different times, possibility to deallocate UL SPS independently are needed. 
We therefore propose to define one MAC CE for UL SPS deactivation and a further one for DL/UL SPS deactivation simultaneously.
3. Conclusion
In the following we summarize the proposals made in the discussion section of this document.

Proposal 1:We propose to assign the SPS-C-RNTI in the RRC configuration message for SPS to the UE.

Proposal 2: We propose to configure only one periodicity for SPS in the configuration message.

Proposal 3: We propose to reserve one HARQ process ID for SPS HARQ operations.

Proposal 4: The HARQ process ID for SPS operations is taken out of the process IDs used for HARQ operations for dynamically scheduled data.

Proposal 5: We propose to signal the reserved HARQ process ID that is used for SPS HARQ operations in the RRC SPS configuration message. Furthermore we propose that the HARQ process ID field in the SPS-PDCCHs will point to the reserved HARQ process used for SPS.
Proposal 6: We propose the allowed time frame for SPS activation to be limited to the on-duration time of the UE.

Proposal 7: We propose SPS retransmissions to be indicated by a dynamic PDCCH that includes the reserved HARQ process ID. Dynamic C-RNTI plus reserved HARQ process ID will uniquely identify such a PDCCH as a SPS retransmission grant.

Proposal 8: Deactivation for SPS is signaled as a MAC Control Element in order to ensure safe reception thus minimizing the possibility of UL interference.

Proposal 9: One MAC CE for UL SPS deactivation and a further one for DL/UL SPS deactivation simultaneously are defined.
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