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1
Introduction
SPS may be supported in eIMTA, and there may be some issues or challenge for discussion in eIMTA topic .So in this paper, we try to analyze the possible SPS issues and solutions.
2
Discussion
SPS is designed for traffic with almost fixed packet intervals and packet size like VoIP to reduced PDCCH overhead. 
SPS can be used in TDD and FDD system. 
Both UL SPS and DL SPS can be configured for a UE. 
SPS is more related to the traffic model than the scenario, so SPS shall also be supported in eIMTA.

Proposal 1: SPS is supported in eIMTA

2.1
Possible issues for SPS in eIMTA

In TDD system, twoIntervalsConfig could be enabled for uplink to reduce the possible collision between SPS transmission and retransmission for last SPS transmission.
But in eIMTA, UL-DL configuration changes dynamically time to time according to L1 signalling for UL-DL reconfiguration. UE may not perform SPS transmission if the direction of SPS occasion changes. Furthermore, if the UE miss the L1 signalling for UL-DL reconfiguration due to DRX sleep state or reliability, wrong SPS transmission may be performed, which may cause UE power consumption and UL interference.
In the following sections, we try to analyze the possible issues and solutions, including DL SPS data transmission occasion, UL SPS data transmission occasion, SPS activation command, SPS release command and SPS data retransmission.
2.1
DL SPS data transmission occasion
There are some alternatives for DL SPS data transmission occasion:

· No limitation for DL SPS data transmission occasion, i.e. both DL subframes and subframes including DwPTS in SIB1 and subframes dynamically used as DL subframes could be used for DL SPS data transmission.

· Limit DL SPS data transmission on fixed subframe(s) e.g. only DL subframes and subframes including DwPTS in SIB1could be scheduled for DL SPS data transmission
The issue of alternative 1 is that, direction of SPS occasion may be changed. The following figure gives an example
Fig 1 DL SPS occasion changes to UL
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From the above figure, we can see that in SFN 1, the direction of subframe 4 changes from DL to UL, the UE cannot receive any DL MAC PDU transmitted on DL SPS resource in this subframe. 
New solutions are needed to specify the UE behaviour for this case. 

Another alternative is to limit the DL SPS data transmission occasion in fixed subframes.
The benefit of alternative 2 is:

· The issue of direction change of SPS occasion disappears. 
· No standard effort is needed.
The drawback of alternative 2 is: 

· There will be also some limitation for eNB to schedule DL SPS transmission. A illustration is shown as follows:

· Fig 2 DL SPS occasion is limited to 0,1,5,6 for TDD confugration 1
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By using alternative 2 in TDD configuration 0, only subframe 0,1,5,6 can be used for DL SPS data transmission. It seems not a big problem,  and the eNB could use dynamic scheduling to assist.
Proposal2: DL SPS data transmission occasion for eIMTA should be limited into DL subframes and subframes including DwPTS in SIB1, and more details should be further study.
2.2
ULSPS data transmission occasion

The situation for ULSPS data transmission occasion is very similar to DL data transmission occasion case.

That is, if the UL SPS data transmission occasion is not limited to fixed UL subframes, then the UE cannot perform any UL MAC PDU transmission on SPS resources in a subframe if the direction changes to DL. In fact, the UE should not perform transmitting any UL MAC PDU on the SPS resource in the subframe which direction changes, but if L1 signalling is missed due to some reasons, UE may perform wrong transmission, which causes power consumption and UL interference.
So the proposal for UL SPS data transmission occasion is similar too.
Proposal3: UL SPS data transmission occasion for eIMTA should be limited into UL fixed subframes, and more details should be further study.
In addition, there is another issue for UL SPS data transmission occasion, i.e. two-interval supported in eIMTA.
In [2], there is a table to list the offset for the UL two-interval for each UL-DL configuration.

Table 7.4-1: Subframe_Offset values
	TDD UL/DL configuration
	Position of initial Semi-Persistent grant
	Subframe_Offset value (ms)

	0
	N/A
	0

	1
	Subframes 2 and 7
	1

	
	Subframes 3 and 8
	-1

	2
	Subframe 2
	5 

	
	Subframe 7
	-5

	3
	Subframes 2 and 3
	1

	
	Subframe 4
	-2

	4
	Subframe 2
	1

	
	Subframe 3
	-1

	5
	N/A
	0

	6
	N/A
	0


In eIMTA, different UL-DL configuration could be used for different SPS occasion before SPS is released.
There are some alternatives:

· Disable the two-interval

· Dynamically: Using the offset of current UL-DL configuration

· Semi-statically: using the offset related to a reference UL-DL configuration

The benefit of alternative 1 is:

· No two-interval issues exist.
The drawback of alternative 1 is:

· The target of introducing two-interval cannot be achieved, i.e. Collision between SPS transmission and retransmission for last SPS transmission cannot be avoided.
The benefit of alternative 2 is
· The offset can follow the latest UL-DL configuration
The drawback of alternative 2 is:

· More than two SPS intervals are caused if calculating the Nth SPS occasion using current formula. An illustration is shown as follows:
	-
consider sequentially that the Nth grant occurs in the subframe for which:

-
(10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * semiPersistSchedIntervalUL + Subframe_Offset * (N modulo 2)] modulo 10240.


Assuming SPS period is 10ms, the SFNstart time is 0, subframestart time is 2, and the UL-DL configuration is 0 for this SFN, then the first SPS occasion should be 13(i.e. SFN=1, subframe=3) based on the above formula [2] and above table if the UL-DL configuration is changed to 1, then 22 is the SPS occasion if the UL-DL configuration keeps 1 in SFN2, and then 32 is the occasion if the UL-DL configuration changes back to 0 in SFN3.. That is, the SPS interval will be 11, 9, 10….
· Fig 2 Illustration of more than two SPS interval is caused
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· If UE misses the L1 signalling for UL-DL reconfiguration, wrong offset may be used, which will cause wrong SPS transmission.

· Fig 2 Wrong SPS occasion is caused if missing L1 signalling for latest UL-DL configuration
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Using the same assumption above, we can see from the above figure, if the UE miss the L1 signalling for UL-DL reconfiguration, then the UE will consider 12 is the SPS occasion(see the red solid arrow line), but actually the correct SPS occasion is 13(see the dash arrow line).
The benefit of alternative 3 is:

· The offset is predictable for both UE and eNB, so SPS occasion is correctly obtained all the time
· The UE implementation is simple

The drawback of alternative 3 is:

· A reference UL-DL configuration should be configured, which cause some standard effort.

Proposal4: A reference UL-DL configuration is used for two-interval and the details are needed to further study.
2.3
SPS (re)activation command occasion

DL SPS (re)activation command is normally transmitted in the same subframe with DL SPS data transmission in current specification. In eIMTA, it is reasonable to follow the same rule.
Considering that the DL SPS data transmission may be limited to DL fixed subframes like proposal 1, it is reasonable to limit the DL SPS (re)activation command to DL fixed subframes.

UL SPS (re)activation command is normally transmitted in a DL subframe before the UL SPS data transmission. And there is a relation on the timing between the UL SPS (re)activation command and UL SPS data transmission.

So considering that UL SPS data transmission may be limited to UL fixed subframes like proposal 2, it is reasonable to limit the UL SPS (re)activation command to DL fixed subframes, which is associated (i.e. UL SPS (re)activation command in the special DL subframe can schedule the UL SPS data transmission on the mentioned UL subframe) with the UL fixed subframes.
By doing so, the UE may not have to decode the DL/UL SPS (re)activation command in non-fixed subframes, which may reduce the UE complexity and increase the reliability of DL/UL SPS (re)activation command.

Proposal5: DL/UL SPS (re)activation command should be limited into DL subframes and subframes including DwPTS in SIB1.
2.4
SPS release command occasion

SPS release command is used to release the activated DL/UL SPS resource. If it is allowed to be transmitted on flexible subframes, the UE may miss the SPS release command if the UE does not follow the latest UL-DL configuration due to missing the L1 signalling for UL-DL reconfiguration. The consequence is that the UE may keep receiving the DL SPS data transmission and perform feedback for some time (i.e. until the eNB sends another SPS release command), or the UE may keep transmitting on the UL SPS resources for some time (i.e. until the eNB sends another SPS release command or the condition of implicit release is met), more power consumption and UL interference is caused. 
So SPS release command occasion should be limited into DL fixed subframes.
Proposal6: DL/UL SPS release command should be limited into DL subframes and subframes including DwPTS in SIB1.
2.5
SPS retransmission occasion

SPS data retransmission is similar to dynamic data retransmission, i.e. for DL retransmission is un-synchronized, and UL retransmission is synchronized. The only difference is that the PDCCH for SPS retransmission is addressed by SPS C-RNTI, and the PDCCH for dynamic retransmission is addressed by C-RNTI.
So the simplest method is to perform the SPS retransmission in the same way as performing DS retransmission.
Proposal7: DL/UL SPS retransmission is performed in the same way as DS retransmission in eIMTA.
3
Proposal
In this paper, the possible SPS issues are discussed, and the following proposals are listed:
Proposal1: SPS is supported in eIMTA

Proposal2: DL SPS data transmission occasion for eIMTA should be limited into DL subframes and subframes including DwPTS in SIB1, and more details should be further study.
Proposal3: UL SPS data transmission occasion for eIMTA should be limited into UL fixed subframes, and more details should be further study.
Proposal4: A reference UL-DL configuration is used for two-interval and the details are needed to further study.
Proposal5: DL/UL SPS (re)activation command should be limited into DL subframes and subframes including DwPTS in SIB1.
Proposal6: DL/UL SPS release command should be limited into DL subframes and subframes including DwPTS in SIB1.
Proposal7: DL/UL SPS retransmission is performed in the same way as DS retransmission in eIMTA.
Proposal3: UL SPS data transmission occasion for eIMTA should be limited into UL fixed subframes, and more details should be further study.
4
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