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Introduction
With the recent additions to SPS there is a need to revisit the SPS reconfiguration ambiguity and to come up with a more secure and future proof solution. 
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After release 8 there have only been minor corrections to the SPS functionality until release 14 where new functionality was introduced in latency reduction WI [1] (UL SPS scheduling intervals down to 1 ms and possibilities for a MAC control element for SPS confirmation of activation/deactivation) and the V2V WI [2] (sidelink SPS). With the new functionalities added in release 14, it becomes more likely that eNB needs to RRC reconfigure the sps-Config to support different services to the users and to manage resources between users. 
One example of a scenario where SPS interval needs to be reconfigured is a UE configured with 40 ms SPS service for a VoIP conversation (a typical VoIP coder produces packets every 20 ms, but QoS is usually very good with 40 ms scheduling interval) and the UE starts a low latency service that needs 1 ms SPS, the eNB then need to RRC reconfigure the SPS interval. Vice versa, a UE configured with 1 ms SPS service starts a VoIP conversation (which can be supported on the 1 ms SPS) and when the low latency service becomes inactive, the eNB might need to reconfigure the SPS interval to 40 ms to free up resources for other low latency users and to conserve the UE battery. 
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After RRC configuration, SPS is activated and deactivated by PDCCH assignments and/or grants and SPS can also be released by RRC sps-Config release message. One approach to reconfigure SPS is to deactivate SPS and make a new RRC sps-Config. However, this may introduce a long waiting time to confirm a successful SPS deactivation/release. 
Every time that there is an activation/deactivation of SPS via PDCCH, there is a small risk of mismatch between the UE and eNBs state for SPS. For example, if release 10 SPS is used together with long SPS intervals (say 320 ms), then a failure of UE not detecting an explicit deactivation on PDCCH (typically designed probability of 10-2) will take long time to discover in case we would wait for the next SPS occurrence to see if the command has taken effect or if we would send an extra deactivation on PDCCH or RRC release. 
Long delays may also happen with short SPS interval, say 10 ms SPS, where eNB sends an explicit release but the UE fails to decode PDCCH (typically designed probability of 10-2) and at the next SPS occasion eNB fails to detect that there is a UE transmission (unlikely, but a temporary fading dip can very well increase both probabilities). There are also error cases at activation that can lead to eNB thinking the UE is active on SPS when it is inactive.  
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It is worthwhile to mention that the latency reduction work also introduced a MAC control element for SPS confirmation that would decrease the ambiguity of SPS state between UE and eNB, but this is only for the case that skip uplink is used and might also introduce latency when MAC CE is lost.
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The correct SPS operation is for SPS resource to recur every SPS interval. A problem was identified when SPS interval is not a common divisor of 10240 which may result in an SPS grant in every subframe. As a result, a clarification of how an SPS grant is counted was introduced in release 10 [3], see an example of the correct allocation of 30 ms shown below: 


At RAN2#76 in November 2011 there were discussions [4] on SPS reconfiguration of scheduling interval while SPS is active, i.e., when the UE receives sps-Config while there is a corresponding configured grant or assignment. SPS reconfiguration while SPS is active may lead to different opinion of when the SPS occasions are in the UE and eNB. The confusion comes from the SFN wrap around and might be further complicated by the fact that the eNB does not precisely know when UE receives sps-Config and hence when it applies the new SPS configuration due to HARQ operation and RRC decoding delay. The solution was to disallow the eNB from sending SPS reconfiguration while there is an active SPS grant, which was implemented from release 8 in the CR [5] and later releases in mirror CRs. None of these changes clarifies what the UE shall do if it receives an sps-Config when SPS is active.
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To avoid uncertainties of what to expect from different UEs (see Observation 4), we propose to define what the UEs should do in case of receiving RRC reconfiguration of sps-Config while SPS is active. 
As one possible approach, when getting the RRC re-configuration, the configurated uplink grant or downlink assignment can be kept and UE starts to directly use the new periodicity. If UE starts using it directly we have the SFN wraparound problem as we discussed before Observation 4, as we cannot know exactly when the UE will apply the new settings. 
A better approach to the state mismatch would be for the UE to deactivate SPS in case it receives sps-Config while having an active SPS. Thus, to avoid and resolve the uncertainties (see Observation 4) and state mismatch (see Observation 2) and extra delays (see Observation 3) and to make SPS more future proof (see Observation 1), we propose: 
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An advantage of Proposal 1 is that the RRC procedure for changing SPS interval becomes faster as it can take place immediately without the need to wait for a MAC deactivation of SPS or wait for a RRC SPS release. 
Proposed CRs for Rel 14 and 15 are available in [6]-[9].
Conclusion
In section 2 we made the following observations:
Observation 1	New SPS functionalities introduced in release 14 increases the need for the eNB to RRC reconfigure SPS while there is a corresponding configured downlink assignment or configured uplink grant.
Observation 2	For every activation and deactivation of SPS, there is a risk of SPS state mismatch in UE and eNB.
Observation 3	Increased reliability in deactivation of SPS can be achieved by using longer time for deactivation, for example waiting for next SPS occasion to see if UE sends something.
Observation 4	UE behavior when receiving RRC reconfiguration of sps-Config while there is a corresponding configured grant or assignment is unclear.
Based on the discussion in section 2 we propose the following:
Proposal 1	At the reception of sps-Config, the corresponding configured downlink assignment or configured uplink grant shall be discarded by MAC in the UE.
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