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Introduction
A new work item for L2 latency reduction techniques had been approved by RAN plenary [2]. With the intended technique of short SPS periods and skipping of padding transmissions, faster UL access is achieved, while UE power consumption and UL interference is kept low. 
In a companion paper [3] we argue the need for non-adaptive retransmissions on SPS resources. And in another companion paper [4] we argue for alignment of the SPS interval to the HARQ round trip time (RTT). In this paper we discuss the implications of non-adaptive retransmissions on SPS resource in TDD and propose a solution to avoid collisions between SPS resources and non-adaptive retransmissions for other users. 
Discussion
Non-adaptive SPS retransmissions in TDD 
In the TDD there is a puzzle to get the non-adaptive retransmissions to end up on the SPS resources. We have the configurations in the following table from 36.211. 
Table 4.2-2: Uplink-downlink configurations
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D



And we have the number of synchronous UL HARQ processes in the following table from 36.213.
Table 8-1: Number of synchronous UL HARQ processes for TDD
	TDD UL/DL configuration
	Number of HARQ processes
 for normal HARQ operation
	Number of HARQ processes 
for subframe bundling operation

	0
	7
	3

	1
	4
	2

	2
	2
	N/A

	3
	3
	N/A

	4
	2
	N/A

	5
	1
	N/A

	6
	6
	3



From these tables, for example, in TDD configuration 0 there is 7 UL HARQ processes and it takes 70 ms before the same subframe number is used by the same HARQ process, see Figure 1 where first column indicates the system frame number (SFN) modulo 7 and the numbers in the table indicates the HARQ process number from 0 to 6. Every 70 ms the same HARQ process pattern will repeats itself. 

	
	Subframe number

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SFN
mod 7
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	0
	 
	 
	0
	1
	2
	 
	 
	3
	4
	5

	1
	 
	
	6
	0
	1
	
	
	2
	3
	4

	2
	 
	
	5
	6
	0
	
	
	1
	2
	3

	3
	 
	
	4
	5
	6
	
	
	0
	1
	2

	4
	 
	
	3
	4
	5
	
	
	6
	0
	1

	5
	 
	
	2
	3
	4
	
	
	5
	6
	0

	6
	
	
	1
	2
	3
	
	
	4
	5
	6


[bookmark: _Ref450063399]Figure 1 TDD configuration 0 and HARQ process numbers

For SPS interval sf1 (one subframe), we do not run into problems as every transmit occasion is a SPS occasion. For sf2 if we count the UL subframes and take every second UL subframe to be an SPS subframe we get the following pattern, see Figure 2 (for configuration 0 if we count all subframes, we get the same pattern). 
	
	Subframe number

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SFN mod 7
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	0
	 
	 
	0
	1
	2
	 
	 
	3
	4
	5

	1
	 
	
	6
	0
	1
	
	
	2
	3
	4

	2
	 
	
	5
	6
	0
	
	
	1
	2
	3

	3
	 
	
	4
	5
	6
	
	
	0
	1
	2

	4
	 
	
	3
	4
	5
	
	
	6
	0
	1

	5
	 
	
	2
	3
	4
	
	
	5
	6
	0

	6
	 
	 
	1
	2
	3
	 
	 
	4
	5
	6


[bookmark: _Ref450065192]Figure 2 TDD configuration 0, SPS interval sf2, SPS resources indicated in red 
Obviously we have non-adaptive retransmissions from the SPS resources occurring on resource not allocated to this UEs SPS resources. 
Observation 1	In TDD with UL SPS non-adaptive retransmissions may end up in a non-SPS resource 
This means if the eNB gives these SPS resources to UE1 (subframe number 2, 4 and 8 as in Figure 2), and the complementary resources (that is subframe number 3, 7 and 9 as in Figure 2) to UE2; we will have potential collisions as soon as there is a retransmission and even if there is no collision the eNB might not know which UE that transmitted. 
Observation 2	Retransmissions on a non-SPS resource may collide with another UE´s SPS transmission 
Observation 3	If the SPS period can be SF1, SF2, SF4, or SF8 the non-adaptive retransmission can be a non-SPS resource for SF2, SF4, and SF8 
Observation 4	To get the retransmissions on HARQ processes that to be used for SPS, we need to take the number of HARQ processes into account when allocating SPS interval 

SPS pattern for TDD 
As an easy way to calculate which subframes that belongs to the SPS resources, we could count only the UL subframes. 
Observation 5	For SPS in TDD the period between SPS resources can be counted over the uplink subframes only 
One purpose of using longer intervals than sf1 is to enable other UEs to share the same frequency resource on other subframes. This can be good as the number of users increases, we can then trade off expected latency versus amount of users supported with a fast uplink SPS allocation. 
Thus sf2, sf4 and sf8 should divide the subframes into periods that are shorter than the sf10 already available in the standard today to make sense. 
Configurations 3, 4 and 5 with 10 ms downlink to uplink switch point periodicity are not really suitable for short latency because of the long time between uplink to downlink switch and downlink to uplink switch. 
1. When counting the SPS period in TDD over uplink subframes, the count should be restarted after the number of HARQ processes indicated in table 8-1 in 36.213 
With this rule we can calculate the SPS resources for all configurations in TDD. Though there are small adjustments necessary to get an even spread of the SPS resources over the interval until a HARQ process occur in the same subframe number once more. 
In configuration 0 we propose the following pattern for sf2 using two groups indicated by yellow and blue, see Figure 3. The yellow group has four of the seven HARQ processes (on the average 2.92 ms between SPS resources), and the blue has three HARQ processes (on the average 3.89 ms between SPS resources). 
	
	Subframe number

	sf2
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SFN mod 7
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	0
	
	
	0
	1
	2
	
	
	3
	4
	5

	1
	
	
	6
	0
	1
	
	
	2
	3
	4

	2
	
	
	5
	6
	0
	
	
	1
	2
	3

	3
	
	
	4
	5
	6
	
	
	0
	1
	2

	4
	
	
	3
	4
	5
	
	
	6
	0
	1

	5
	
	
	2
	3
	4
	
	
	5
	6
	0

	6
	
	
	1
	2
	3
	
	
	4
	5
	6


[bookmark: _Ref450068067]Figure 3 TDD configuration 0, SPS interval sf2, two possible SPS groups
And for sf4 we propose the following pattern, with three SPS groups indicated by the colours, see Figure 4. In this case magenta and red has two HARQ processes (on the average 5.83 ms between SPS resources), and the light orange colour has three HARQ processes (on the average 3.89 ms between SPS resources). 
	
	Subframe number

	sf4
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SFN mod 7
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	0
	
	
	0
	1
	2
	
	
	3
	4
	5

	1
	
	
	6
	0
	1
	
	
	2
	3
	4

	2
	
	
	5
	6
	0
	
	
	1
	2
	3

	3
	
	
	4
	5
	6
	
	
	0
	1
	2

	4
	
	
	3
	4
	5
	
	
	6
	0
	1

	5
	
	
	2
	3
	4
	
	
	5
	6
	0

	6
	
	
	1
	2
	3
	
	
	4
	5
	6


[bookmark: _Ref450068251]Figure 4 TDD configuration 0, SPS interval sf4, three SPS groups
For configuration 0 and sf8 we propose to use a pattern corresponding to one HARQ process (which will then have an SPS resource every 11 or 13 subframes, and on the average 11.67 ms between SPS resources, and all retransmissions occurs on SPS resources). 
For configuration 1 sf2 and sf4, retransmissions will always ends up on an SPS resource. Sf2 has an interval of 5 ms between SPS resources. sf4 has an interval of 10 ms, as the already existing SPS interval sf10 in the standard. For sf8, retransmissions do not always end up on an SPS resource (and sf8 has an already existing SPS interval of sf20). Thus sf4 and sf8 do are already supported for configuration 1. 
For configuration 2, sf2 means SPS resource every 10 ms and retransmissions are always on SPS resources (same HARQ process), and sf10 is already supported in today’s standard. Sf4 means SPS resource every 20 ms, retransmissions is not always on SPS resources and sf20 is already supported in the standard. With sf8 we have SPS resource every 40 ms, retransmissions are not always on SPS resources and sf40 is already supported in the standard. 
For configuration 3 with sf2 we propose that subframe number 2 and 4 belongs to one SPS group (which then gets on the average 5 ms between SPS resources) and subframe number 3 to another (with 10 ms between SPS resources). For sf4 and sf8 retransmissions are not always on SPS resources (then better to use sf10 which has the retransmissions always on SPS resources and the interval is 10 ms always). 
For configuration 4 For sf2 gives an SPS resource every 10 ms and retransmissions on the same HARQ process, and sf10 is already supported in the standard. sf4 and sf8 has a period of 20 ms and 40 ms respectively, retransmissions are not always on SPS resources and sf20 and sf40 are already supported in the standard. 
For configuration 5 For sf1, sf2, sf4 and sf8, we have an SPS resource every 10 ms, 20 ms, 40 ms, and 80 ms respectively and these intervals are already supported in the standard. With sf2, sf4, and sf8 retransmissions are not always on the SPS resource. 
For configuration 6 we have six HARQ processes and we propose the following pattern for sf2, see Figure 5 where we have two SPS groups, indicated by the colors, with three HARQ processes each. 
	
	Subframe number

	sf2
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SFN mod 6
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D

	0
	
	
	0
	1
	2
	
	
	3
	4
	

	1
	
	
	5
	0
	1
	
	
	2
	3
	

	2
	
	
	4
	5
	0
	
	
	1
	2
	

	3
	
	
	3
	4
	5
	
	
	0
	1
	

	4
	
	
	2
	3
	4
	
	
	5
	0
	

	5
	
	
	1
	2
	3
	
	
	4
	5
	


[bookmark: _Ref450070174]Figure 5 TDD configuration 6, SPS interval sf2, two SPS groups
And configuration 6 with sf4 we propose the following pattern, see Figure 6 where we have three SPS groups with two HARQ processes each. 
	
	Subframe number

	sf4
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	SFN mod 6
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D

	0
	
	
	0
	1
	2
	
	
	3
	4
	

	1
	
	
	5
	0
	1
	
	
	2
	3
	

	2
	
	
	4
	5
	0
	
	
	1
	2
	

	3
	
	
	3
	4
	5
	
	
	0
	1
	

	4
	
	
	2
	3
	4
	
	
	5
	0
	

	5
	
	
	1
	2
	3
	
	
	4
	5
	


[bookmark: _Ref450070413]Figure 6 TDD configuration 6, SPS interval sf4, three SPS groups
For configuration 6 and sf8 we propose, similar as for configuration 0 sf8, to use a pattern corresponding to one HARQ process (which will then have an SPS resource every 11 or 13 subframes, and on the average 11.8 ms between SPS resources, and all retransmissions occurs on SPS resources). 
Observation 6	Small adjustments to proposal 1 are needed to make sense of all possible combinations of UL/DL configuration and sf1, sf2, sf4 and sf8 

1. Use the following SPS patterns for TDD 
TDD configuration 0 sf2 and sf4 see Figure 3 respectively Figure 4. 
TDD configuration 0 sf8 let one HARQ process correspond to one SPS pattern. 
TDD configuration 1 sf2 use proposal 1. Sf4 and sf8 using proposal 1 are already supported by the existing standard (sf8 retransmissions does not always occur on SPS resources). 
TDD configuration 2, sf2, sf4 and sf8 using proposal 1 intervals are already supported by existing standard. Sf4 and sf8 using proposal 1 retransmissions are not always on SPS resources. 
TDD configuration 3 sf2 let subframe number 2 and 4 be one SPS resource and number 3 another. Sf4 and sf8 using proposal 1 does not make sense as long intervals are already supported in existing standard and retransmissions are not always on SPS resources. 
TDD configuration 4 sf2, sf4 and sf8 using proposal 1 has intervals 10 ms, 20 ms, and 40 ms respectively, and these intervals are already supported by the existing standard. Sf4 and sf8 using proposal 1 retransmissions are not always on SPS resources. 
For configuration 5 For sf1, sf2, sf4 and sf8, we have an SPS resource every 10 ms, 20 ms, 40 ms, and 80 ms respectively and these intervals are already supported in the standard. With sf2, sf4, and sf8 retransmissions are not always on an SPS resource. 
TDD configuration 6 sf2 and sf4 see Figure 5 respectively Figure 6. 
TDD configuration 6 sf8 let one HARQ process correspond to one SPS pattern. 
Conclusion
In this paper we have made the following observations:
Observation 1	In TDD with UL SPS non-adaptive retransmissions may end up in a non-SPS resource 
Observation 2	Retransmissions on a non-SPS resource may collide with another UE´s SPS transmission 
Observation 3	If the SPS period can be SF1, SF2, SF4, or SF8 the non-adaptive retransmission can be a non-SPS resource for SF2, SF4, and SF8 
Observation 4	To get the retransmissions on HARQ processes that to be used for SPS, we need to take the number of HARQ processes into account when allocating SPS interval 
Observation 5	For SPS in TDD the period between SPS resources can be counted over the uplink subframes only 

Based on the discussion in the previous section we make the following proposals:
1. When counting the SPS period in TDD over uplink subframes, the count should be restarted after the number of HARQ processes indicated in 36.213 table 8-1 normal HARQ operation 
Observation 6	Small adjustments to proposal 1 are needed to make sense of all possible combinations of configuration and sf1, sf2, sf4 and sf8 
1. Use the following SPS patterns for TDD 
TDD configuration 0 sf2 and sf4 see Figure 3 respectively Figure 4. 
TDD configuration 0 sf8 let one HARQ process correspond to one SPS pattern. 
TDD configuration 1 sf2 use proposal 1. Sf4 and sf8 using proposal 1 are already supported by the existing standard (sf8 retransmissions does not always occur on SPS resources). 
TDD configuration 2, sf2, sf4 and sf8 using proposal 1 intervals are already supported by existing standard. Sf4 and sf8 using proposal 1 retransmissions are not always on SPS resources. 
TDD configuration 3 sf2 let subframe number 2 and 4 be one SPS resource and number 3 another. Sf4 and sf8 using proposal 1 does not make sense as long intervals are already supported in existing standard and retransmissions are not always on SPS resources. 
TDD configuration 4 sf2, sf4 and sf8 using proposal 1 has intervals 10 ms, 20 ms, and 40 ms respectively, and these intervals are already supported by the existing standard. Sf4 and sf8 using proposal 1 retransmissions are not always on SPS resources. 
For configuration 5 For sf1, sf2, sf4 and sf8, we have an SPS resource every 10 ms, 20 ms, 40 ms, and 80 ms respectively and these intervals are already supported in the standard. With sf2, sf4, and sf8 retransmissions are not always on an SPS resource. 
TDD configuration 6 sf2 and sf4 see Figure 5 respectively Figure 6. 
[bookmark: _GoBack]TDD configuration 6 sf8 let one HARQ process correspond to one SPS pattern. 
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