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1 Introduction

In this contribution, SPS implicit release feature is discussed and a proposal related to this is made.
2 Discussion

In Semi-Persistent Scheduling, the feature “Implicit Release” is used to release the SPS resource when the UE has sent a certain amount of empty MAC PDUs.

The UE shall clear the configured uplink grant immediately after implicitReleaseAfter [8] number of consecutive new MAC PDUs each containing zero MAC SDUs have been provided by the Multiplexing and Assembly entity, on the Semi-Persistent Scheduling resource.
So the idea is that the UE maintains a counter to count empty MAC PDUs and when the counter reaches the maximum value configured with RRC, then the configured uplink SPS grant is released.
However, from the specification, it is not clear how exactly the UE maintains the counter for the implicit release. The above sentence can be understood in two ways:

1. The empty MAC PDUs are counted for any SPS scheduling resource. If the SPS resource is reactivated, e.g. to change the modulation and coding, then the counter is maintained in its current value. This is rather natural interpretation considering that the specification text refers to two different issues, “the configured grant” and “Semi-Persistent Scheduling Resource” in the above cited sentence. 
2. The empty MAC PDUs are counted for a specific SPS scheduling resource. Then if the SPS resource is reactivated, the counter is started from zero.
A typical use case for the SPS could be the following: During a talk spurt, the eNB schedules the UE with the SPS resources occurring every 20 ms. With these resources, the UE sends voice frames every 20 ms. When the UE moves to silent phase, then it generates SID frames only every 160 ms. Due to this, the UE sends a few empty MAC PDUs and releases the SPS resource implicitly. Later on when a new talk spurt starts and the UE moves back to the talk phase, SPS resources are activated again.

In another use case SPS could be used for periodic data occurring more rarely. For example, in a smart grid network, data could be collected once in 0.5-1.0 second. Once in SPS cycle, the UE sends measurement data. When there is no data to report anymore, the SPS is implicitly released.  When new measurements become available again, SPS is activated again.

In the SPS operation, if the eNB scheduler notices that the channel quality for the UE has changed, then it can reactivate the SPS resource with a new MCS or other PRBs. Also in the case when the current uplink resources need to be used for some other high priority data, the SPS resources are updated by e.g. shifting them in time or in frequency. This reactivation mechanism it is not a result of empty MAC PDUs received by the eNB and thus not related to that at all. 
If the UE resets the counter after each reactivation (Alternative 2 above), the UEs for which the channel conditions change behave differently as compared to other UEs. With longer SPS period it can be that resources are never released. The behaviour would be inconsistent over different UEs and makes link adaptation and resource utilization optimization difficult. Also resources are wasted due to more empty MAC PDUs. This then means that SPS cannot be used for the voice capacity optimization as intended originally. It is imperative to ensure a consistent behaviour which does not degrade resource efficiency.
Furthermore, it can occur that the configured SPS resource and reactivation command collide in time. With Alternative 2 above, there is a risk that the network and the UE understanding of the counter gets out of sync. In this case the network may ignore UL transmissions done by the UE which leads to data loss. 

It should be also mentioned that to minimize UE battery consumption, SPS is typically used with the logicalChannelSR-Mask. SR mask prohibits the UE to send SR when SPS resources are active and thus reduces DRX Active time. To make this SR mask operation to work properly, it is important that UE behaviour is consistent and independent of received SPS reactivations.

The release of the SPS resources can be a result of transmitting empty MAC PDUs. That is to say, the release operation is dependent of the implicit release counter. Due to this, it is natural to reset the counter and restart from zero after the maximum number of empty MAC PDUs is reached to avoid that SPS resources are immediately released next time SPS is started. 
Contribution [1] in RAN2#79 meeting discussed the same topic and the following was concluded: 
· RAN2 confirms the counting of the empty SPS transmission shall be reset upon the SPS is (re)activated or released, but nothing is needed.

However, it seems that this issue has not been fully discussed and the relation between link adaptation and empty MAC PDUS has not been fully analyzed during that time. Thus we propose to discuss this issue again based on our input above, now focusing on the reactivation part.
3 Conclusion

In this contribution, we have discussed the implicit release feature of SPS and made the following proposal:

Proposal 1 Clarify that the value of the SPS implicit release counter is kept even if the SPS resource is reactivated. 
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