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1
Introduction
In RAN#71, a new Work Item on L2 latency reduction techniques for LTE was approved [1], and one the objectives is as follow:
	· Introduction of short SPS period to allow UL prescheduling


For FDD, it is easy to shorten the SPS period to be less than 10ms since uplink subframes are consecutive. But for TDD, it is more complex considering the variant TDD configurations. In this contribution, we will discuss the implications of supporting short SPS period in TDD.
2
Problem in TDD
In the current specifications, the minimum SPS period is 10ms for both FDD and TDD. Note: for TDD, as indicated below, when the configured SPS period is not a multiple of 10ms, the UE will round it down to the nearest integer. For TDD, since the UL/DL switch period is 5ms/10ms, there is no any ambiguity when determining which subframe is the Nth UL SPS subframe according to the formula as specified in TS 36.321 section 5.10.2. 
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Semi-persistent scheduling interval in uplink, see TS 36.321 [6]. Value in number of sub-frames. Value sf10 corresponds to 10 sub-frames, sf20 corresponds to 20 sub-frames and so on. For TDD, the UE shall round this parameter down to the nearest integer (of 10 sub-frames), e.g. sf10 corresponds to 10 sub-frames, sf32 corresponds to 30 sub-frames, sf128 corresponds to 120 sub-frames.


When the SPS period is less than 10ms (e.g. 1ms, 2ms, 4ms …), the SPS subframe calculated according to the current formula may not be an uplink subframe. In Figure 1, TDD configuration 0 and 2ms SPS period are taken as an example, and we also assume that the start subframe (i.e. the subframe when the configured uplink grant were initialised) is subframe #2. It could be observed that the SPS subframes in SPS period #3 and #5 are not available because they are downlink subframes. The problem is similar for other TDD configurations and SPS periodicities. 
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Figure 1: Unavailable UL SPS subframes in TDD
Observation: For TDD, after the introduction of short SPS period, some of the UL SPS subframes calculated according to the current formula may not be available because they are downlink subframes. 
3
Potential solutions
For the misalignment problem as analyzed above, there are three potential solutions, as below.

Solution 1: In this solution, when short SPS period is configured, only uplink subframes are considered as potential UL SPS subframes, as depicted in Figure 2. 

[image: image2.emf]TDD 

configuration 0

D0 D1 U2 U3 U4 D5 D6 U7 U8 U9 D0 D1

SPS

period 1

SPS

period 2

SPS 

period 3

SPS 

subframe

SPS 

subframe

SPS 

subframe


Figure 2: Solution 1  
Solution 2: In this solution, all the subframes including both UL subframes and DL subframes are considered as potential UL SPS subframes. If one UL SPS subframe calculated according to the current formula is a downlink subframe or a special subframe, the UE will skip this UL SPS occasion, as depicted in Figure 3. 
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Figure 3: Solution 2
Solution 3: Solution 3 is similar to solution 2, and the difference is that if the calculated UL SPS subframe is a downlink subframe or special subframe, the UL SPS subframe will be delayed to the next uplink subframe, if any, as shown in Figure 4. 
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Figure 4: Solution 3
All the above three solutions are technically feasible. Solution 3 can provide more available uplink SPS resource (i.e. 4 UL SPS subframes per 10ms) compared to that of solution 1 and 2 (i.e. 3 UL SPS subframes per 10ms), hence it can support faster uplink pre-scheduled transmission. However, solution 3 is more complicated. Solution 2 is the preferred solution because it has minimal implications to the current specifications.
Proposal: Adopt solution 2 as the solution in TDD when short SPS period is configured.
4

Conclusion

In this contribution, we provided some analysis on the implications of supporting short SPS period for TDD, and we have the following observation:

Observation: For TDD, after the introduction of short SPS period, some of the UL SPS subframes calculated according to the current formula may not be available because they are downlink subframes. 
Therefore, we propose:
Proposal: Adopt solution 2 as the solution in TDD when short SPS period is configured.
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