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1. Introduction
In last meeting, the TDD issues for short SPS interval were analyzed [1][2]. Some agreements were made as following. 
	Agreements:

· SPS configuration is not optimized for TDD.  The UL SPS occasion calculation formula is used.  

· Two-interval configuration should not be configured for TDD with SPS interval shorter than 10ms.  

· The restriction of 10 subframes boundary is only applicable for the SPS interval longer than 10ms
· 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 SPS occasion calculation formula is a downlink subframe or a special subframe, the UE will skip this UL SPS occasion 


Due to the SPS interval pattern for TDD is also impacted by the TDD UL/DL configuration, in this contribution, we showed the performance on UL latency with short SPS interval in TDD. 
2. Discussion
In previous RAN2 discussion, companies proposed to introduce sf1, sf2, sf3, sf4, sf5 as the short SPS interval candidates [3]. However, for TDD configurations, it’s not reality that all the short values are appropriate. When configuring short SPS intervals for various TDD configurations, we should further consider the following aspects.
· Average Uplink Interval (AUI)
As known in previous study item, we analysed that the SPS interval would impact the UL data latency [4]. For TDD, due to the UL SPS occasion needs to skip the downlink subframes, the actual interval of uplink SPS occasions may be various for different configurations. Hence we need to calculate the average uplink SPS interval to evaluate the uplink latency. Obviously, shorter AUI will lead to shorter UL data latency. The table below shows the AUIs in various TDD configurations with different SPS intervals configured. 
Table-1 AUIs for various TDD configurations

	Intervals
	Config 0
	Config 1
	Config 2
	Config 3
	Config 4
	Config 5
	Config 6

	1ms
	1.7ms
	2.5ms
	5.0ms
	3.3ms
	5.0ms
	10.0ms
	2.0ms

	2ms
	3.3ms
	5.0ms
	10.0ms
	5.0ms
	10.0ms
	10.0ms
	3.3ms

5.0ms(Note)

	3ms
	5.0ms
	7.5ms
	15.0ms
	10.0ms
	15.0ms
	30.0ms
	6.0ms

	4ms
	6.7ms
	10.0ms
	20.0ms
	10.0ms
	20.0ms
	20.0ms
	6.7ms
10.0ms(Note)

	5ms
	5.0ms
	5.0ms
	5.0ms
	10.0ms
	10.0ms
	10.0ms
	5.0ms

10.0ms(Note)


Note: Different SPS patterns exist in the cases and lead to two AUIs.
Where, AUI is calculated as:

AUI = Repetition period of UL SPS pattern / number of SPS occasions in one repetition period
Taking TDD configuration 0 with 3ms SPS interval configured as an example, as illustrated in Figure-1, subframes in green are valid uplink SPS occasions. The subframes with shadow are regarded as start points of one SPS pattern. The duration of two adjacent shadow subframes is the repetition period of UL SPS pattern, i.e. 30ms in this example. Therefore, the AUI is 30/6=5.0ms. 
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Figure-1 TDD configuration 0 with 3ms SPS interval
From the above results, compared with legacy SPS intervals (i.e. equal or longer than 10ms), the AUI in TDD configuration 0, 1, 2, 3, 4, 6 could be significantly reduced after we introduce short SPS intervals. TDD configuration 5 has a minimum AUI of 10ms, which is equal to the legacy minimum value. We can also see the 1ms interval could bring the shortest AUI in each TDD configuration because of high density of transmission opportunities.
Observation 1: With short SPS interval configured, almost all the TDD configurations can achieve shorter uplink latency. 
· Collision between non-adaptive SPS retransmission and SPS new data transmission
In last RAN2 meeting, “Allow and prioritize non-adaptive retransmissions on SPS resources” was agreed to guarantee the transmission reliability. However, it is noted that non-adaptive retransmission on SPS resources might delay the SPS new data transmission to the later SPS resources, which will impact the SPS data latency in some extent. 
Taking TDD configuration 1 with 2ms SPS interval configured as an example, as illustrated in Figure-2, subframes in green are valid uplink SPS occasions. The retransmission of first U0 (Ux indicates HARQ process x is used in the UL transmission) will take place in the second U0. If there is new data available to transmit before the second U0, the transmission of the new data will be delayed to the second U3 accordingly. 
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Figure-2 TDD configration 1 with 2ms SPS interval
According to the following analysis, we can find that the collision probability is still low and the latency is not increased more. Assuming the arrival rate of packets is λ, and error rate of one transmission is 0.1, the collision probability between the first retransmission and new data on one SPS resource is just 0.1*λ2. Even with a high packet arrival rate λ (e.g. 0.5), the collision probability is very small (e.g. 0.025). 
The collision probability is even lower than 0.1*λ2 in some cases, e.g. for TDD configuration 0 with 2ms interval configured, the first retransmission will happen on non-SPS resource as following figure shows, and the collision may happen at the second retransmission.
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Figure-3 TDD configuration 0 with 2ms SPS interval
Observation 2: With short SPS interval configured, the probability of collision between retransmission and new transmission is very low. 
With low collision probability, prioritize non-adaptive retransmissions on SPS resources will not delay new data transmission frequently. Given short SPS interval is configured, the delay of new data can obtain another SPS occasion in a short time. Hence, the delay caused by collision is very small.
Observation 3: The increase of new data transmission latency caused by collision between retransmission and new transmission is very small.
In summary, with short SPS interval in TDD, the uplink latency performance is improved in general. Although the non-adaptive retransmission prioritization may increase the latency of new data latency transmission, the impact is small.
3. Conclusion
Based on the analyses in section 2, the following observations are identified:
Observation 1: With short SPS interval configured, almost all the TDD configurations can achieve shorter uplink latency. 
Observation 2: With short SPS interval configured, the probability of collision between retransmission and new transmission is very low. 
Observation 3: The increase of new data transmission latency caused by collision between retransmission and new transmission is very small.
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