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1 Introduction

At RAN2#75 the UE behaviour was discussed for the case that SPS reconfiguration, i.e. sps-Config, is received while SPS operation is activated. During offline discussions it was concluded that in order to support SPS reconfiguration while SPS is activated, the UE would need to remember the SFN and subframe of the SPS activation, i.e. SFN/subframe when SPS activation PDCCH was received. This contribution is further looking into the UE requirements which needs to be fulfilled in order to avoid misalignment between network and UE w.r.t. the calculation of the SPS occasions.      
2 Discussion
2.1 Issues with supporting SPS reconfiguration while SPS is activated
As pointed out in [1], due to the HARQ operation and RRC decoding delay the eNB doesn’t precisely know when UE receives sps-Config and hence when it applies the new SPS configuration. Therefore there are some issues with the calculation of the SPS occasions when the SPS interval is reconfigured while SPS is activated.     
According to TS36.321 SPS occasions are calculated according to the following formula:

(10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * semiPersistSchedIntervalUL + Subframe_Offset * (N modulo 2)] modulo 10240, for all N>0.
As already concluded at RAN2#75 the first requirement for being synchronized between network and UE w.r.t. SPS occasions, is that the UE needs to remember the SFN/subframe of the SPS activation, i.e. SFNstart time and subframestart time in the formula above. 
Essentially the SPS occasions are calculated relative to the point in time when SPS was activated. Therefore in case the Semi-Persistent Scheduling interval is changed by RRC reconfiguration, the UE needs to go back to the SFN/subframe of the activation and apply the new SPS interval from there in order to calculate the new SPS occasions after SPS reconfiguration.  This is shown in the figure below for an exemplary scenario where SPS with an interval of 10ms was activated at SFN1/subframe 1 and the sps-Config which reconfigured the SPS interval to 12ms was received at the UE at SFN 256/subframe 3.
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Figure 1. SPS reconfiguration and initial value
As can be seen from the figure 1, UE should in case of a SPS interval reconfiguration apply the new SPS interval from the SPS activation SFN/subframe starting with N-value equal to 0 and increase N until the next determined SPS occasion is later in time than the SFN/subframe where SPS reconfiguration was received. In the exemplary scenario shown above the N value of the first SPS occasion after reconfiguration at SFN256/subframe7 is 213. 
Observation 1: UE needs to remember the SFN/subframe of the SPS activation for the calculation of next SPS occasions after SPS interval reconfiguration.

However the correct determination of the N value used by the UE after SPS interval reconfiguration requires some more consideration.  In case SFN wrap around happens between SPS activation and SPS interval reconfiguration there could be two interpretations of the correct UE behaviour w.r.t. determination of next SPS occasion.

Let’s assume the following example where SPS was activated with an SPS interval of 20ms at SFN1/subframe1.
At SFN 2/subframe0 (after SFN wrap around) the SPS interval is reconfigured to 30ms. For this example there could be following two alternatives on how to determine the next SPS occasions after reconfiguration.

Alternative 1 (next SPS occasion after reconfiguration at SFN3/subframe1 N=342):

	N value
	SPS occasion (SFN/subframe)
	Comment

	0
	SFN1/subframe1
	Activation of SPS 

	1
	SFN4/subframe1
	Apply new SPS interval after reconfiguration (30ms)

	….
	…
	

	340
	SFN1021/subframe1
	

	341
	SFN0/subframe1
	(SFN wrap-around)

	342
	SFN3/subframe1
	Next SPS occasion after reconfiguration


Alternative 2 (next SPS occasion after reconfiguration at SFN4/subframe1 N=1):
	N value
	SPS occasion (SFN/subframe)
	Comment

	0
	SFN1/subframe1
	Activation of SPS

	1
	SFN4/subframe1
	Next SPS occasion after reconfiguration


As can be seen depending on which alternative the UE implements, there is a misunderstanding between UE and network w.r.t. the SPS occasions after SPS interval reconfiguration. The difference between the two interpretations is that in the first case the UE needs to also remember the number of SFN wrap around that happened between SPS activation and SPS reconfiguration, whereas in the second alternative UE assumes that SFN/subframe of SPS activation is in the same SFN cycle as SPS reconfiguration. It should be noted that even though from an UE implementation point of view the second alternative is simpler, due to the fact that UE is not considering the SFN wrap-around there could be potentially long gaps between the point in time when SPS interval is reconfigured and the next determined SPS occasion.  It can be further noted that alternative 1 requires an infinite bit width for N.  
 Observation 2: Even when remembering the SFN/subframe of the SPS activation, there are issues w.r.t. SFN wrap-around when determining next SPS occasions after SPS interval reconfiguration. 

As shown above in order to support SPS reconfiguration while SPS is activated some considerable UE implementation complexity is required, i.e. UE needs to remember SFN/subframe of SPS activation and potentially also the number of SFN wrap around that happened between SPS activation and reconfiguration. Therefore the first question which should be addressed is whether there is really a strong need to support SPS interval reconfiguration while SPS is activated. It should be bared in mind that when network first deactivates SPS before reconfiguration, there are no issues with a misalignment between network and UE w.r.t. SPS occasions and furthermore UE implementation could be simplified. 
Proposal: SPS reconfiguration, i.e. sps-Config should not be supported when SPS is activated.
3 Conclusions

This contribution discusses further on the UE requirements for supporting SPS interval reconfiguration while SPS is activated.
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