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1. Introduction
With the introduction of TDD eIMTA, UL subframe and special subframe can be reconfigured to DL subframes. In this contribution, we will analyze whether these kinds of subframe reconfiguration have impacts on SPS.
2. Discussion
2.1. SPS occasion restriction
Case1: Special subframe -> DL subframe
This kind of subframe reconfiguration only impacts DL SPS occasion. For example, as shown in Figure1, assuming the SPS interval is 20ms and DL SPS is activated on subframe#6 of SFN x, once the TDD configuration is changed from TDD configuration#0 to TDD configuration#5, DL SPS will happen on the flexible subframe#6 of SFN x+2. 
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Figure1.  Impact on DL SPS (S→ DL)
For this case, the possible eNB and UE behaviors on subframe#6 of SNF x+2 can be summarized in Table1:
                                           Table1.   SPS transmission on flexible special subframe
	
	eNB behavior
	Legacy UE behavior
	TDD eIMTA UE behavior

	Alt1
	Performing SPS scheduling according  to the DL subframe format
	Performing SPS reception according to the special subframe format
	Performing SPS reception according to the DL subframe format

	Alt2
	Performing SPS scheduling according  to the special subframe format
	Performing SPS reception according to the special subframe format
	Performing SPS reception according  to the special subframe format


For Alt1, it will impact the SPS reception of legacy UE. For Alt2, TDD eIMTA enabled UE should perform SPS reception according to the SPS subframe format and perform dynamic scheduling reception according to the normal DL subframe format, it will increase the complexity of eNB and TDD eIMTA enabled UE. 
Observation 1: If SPS is allowed on special subframe which can be reconfigured to DL subframe, it may either impact the SPS reception of legacy UE or increase the complexity of eNB and TDD eIMTA enabled UE.
Case2：UL subframe → DL subframe
Two examples of this subframe reconfiguration are shown in Figure2a and Figure2b. In these two figures, the TDD configuration in SIB1 is configuration#0 and the SPS interval is 20ms.
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Figure2a.  Impact on UL SPS (UL in SIB1 is reconfigured to DL)
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Figure2b. Impact on DL SPS (UL in SIB1 is reconfigured to DL and then reconfigured back)
In Figure2a, UL SPS is activated on subframe#3 of SFN x, once the TDD configuration is changed from TDD configuration#0 to TDD configuration#5, UL SPS will happen on subframe#3 of SFN x+2 which is a DL subframe. For TDD eIMTA enabled UE, it is aware of the subframe transmission direction change and can stop the UL SPS transmission. But for legacy UE, it will still perform UL SPS transmission on this subframe, which creates interference.
In Figure2b, DL SPS is activated on subframe#3 of SFN x which is changed from UL subframe due to TDD eIMTA, once the TDD configuration is changed back to TDD conguration#0, DL SPS will happen on subframe#3 of SFN x+2 which is a UL subframe. In this case, eNB should stop the DL SPS transmission on subframe7 of SFN x+2, which will increase the eNB complexity.
Observation 2: If SPS is allowed on UL subframe which can be reconfigured to DL subframe, it may bring interference or increase the eNB complexity.
According to observation1/2, it is preferred that SPS is only allowed on subframe which subframe type will not be reconfigured by eNB.
Proposal 1: If TDD eIMTA is enabled, SPS is only allowed on subframe of which the subframe type will not be reconfigured by eNB.
2.2. SPS management signaling transmission subframe restriction
SPS management signaling includes SPS (re-)configuration signaling and SPS (re-)activation/deactivation commands. SPS (re-)configuration signaling is RRC signaling and can be treated as dynamic data transmission, thus only SPS (re-)activation/ deactivation commands needs to be considered.
Since DL SPS (re-)activation/deactivation commands uses the same subframe as the DL SPS occasion, it is reasonable to transmit them on DL subframe or special subframe which will not be reconfigured to DL subframe.
Proposal 2：If TDD eIMTA is enabled, DL SPS (re-)activation/deactivation command is only allowed on the DL and DwPTS subframes which transmission direction will not be reconfigured by eNB.
For UL SPS (re-)activation/deactivation commands transmission, the fixed DL subframes can be used for sure and it is also possible to use the special subframes in SIB-1 no matter whether it is dynamically configured to DL subframes or not.
Proposal 3：If TDD eIMTA is enabled, UL SPS (re-)activation/deactivation commands can be transmitted on special subframe or DL subframe indicated in the SIB1.
2.3. UL two interval SPS for TDD
Generally, in order to achieve more flexibility from TDD eIMTA, the TDD configurations in SIB1 should contain as many UL subframes as possible. Thus TDD configuration #0 or #6 may be a good choice for the SIB1 TDD configuration of the cells enabled with TDD eIMTA. If TDD configuration #0 or #6 is chosen as SIB1 TDD configuration, UL two interval SPS is not supported. 
But if the TDD configurations in SIB1 is any one of the TDD configuration #1/ #2 / #3/ #4,  and if TDD eIMTA and UL two-interval SPS are both enabled, it needs further discussions on how to avoid the case that the UL SPS collide with the DL subframe which is reconfigured from UL subframe of SIB1. There are two solutions:
· Alt1: Disable two-interval SPS for TDD eIMTA enabled UE and solve the collision by dynamic scheduling of the SPS initial transmission.
· Alt2: The offset used for calculating the UL SPS occasion is set according to a reference TDD UL/DL configuration.
The advantage of Alt2 is that it can reduce the signaling overhead of dynamic scheduling for the SPS initial transmission. But it has specification effort and cannot be applied to legacy UE, thus gains is doubtable. As discussed above, in practice, TDD UL/DL configuration #0 or #6 who does not support UL two interval SPS may be the most appropriate TDD configuration for SIB1 in case of eIMTA. Thus the benefit of enhancement such as Alt2 is limited, which does not justify the specification effort. Therefore, Alt1 is more preferred.
Proposal 4: UL two-interval SPS should be disabled for TDD eIMTA enabled UE.
3. Conclusion

According to the analysis in section 2, it is proposed:
Proposal 1: If TDD eIMTA is enabled, SPS is only allowed on subframe of which the subframe type will not be reconfigured by eNB.
Proposal 2: If TDD eIMTA is enabled, DL SPS (re-)activation/deactivation command is only allowed on the DL and DwPTS subframes which transmission direction will not be reconfigured by eNB.
Proposal 3: If TDD eIMTA is enabled, UL SPS (re-)activation/deactivation commands can be transmitted on special subframe or DL subframe indicated in the SIB1.

Proposal 4: UL two-interval SPS should be disabled for TDD eIMTA enabled UE.
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