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1. Introduction

After the last RAN2#64 meeting, the only MAC open issue is SPS in combination with TTI bundling for TDD. Current specification does not exclude the combination of SPS and TTI bundling for TDD. In order to make the combination work, some special restrictions need to be specifie. This contribution discusses this open issue.
2. Discussion
At the RAN2#63bis meeting, it is agreed that TTI bundling can be applied for UL/DL TDD configuration 0, 1 and 6. But for the SPS in combination with TTI bundling case, TDD has some difference compared with FDD. The analysis is listed as following. 
2.1 Interaction with two-intervals-Semi-Persistent Scheduling
It is also agreed at the RAN2#63bis meeting that two-intervals-SPS is supported for TDD and the Subframe_Offset values are fixed. For UL/DL TDD configuration 0, 5 and 6, multiple periodicity patterns are not supported. And for UL/DL TDD configuration 0, 1 and 6, TTI bundling is supported. The special case is for UL/DL TDD configuration 1: if TTI bundling is activated while two-interval SPS has already been switched on, the multi-pattern does not work any more because two-intervals-Semi-Persistent Scheduling is designed for non-TTI bundling case and the corresponding subframe is not aligned with the TTI bundling.
Proposal 1: Once TTI bundling is activated, two-intervals-SPS should be switched off (if active).

2.2 SPS transmission occasion
Figure 1 gives the TTI bundling cases of configuration 6.
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Figure 1 TTI bundling for UL/DL TDD configuration 6
In figure 1, the TTI bundle is represented by different colors and corresponds to different HARQ process. The bundle in grey, blue and orange correspond to HARQ process 0, 1 and 2 respectively.

From figure 1 we can see that if the first real SPS starts at subframe 2, the second SPS can be at subframe 24 or subframe 17. But subframe 17 is not a good choice because it introduces larger jitter for SPS. As a result, subframe 24 which is 2 subframes later than the expected subframe 22 should be selected for the second SPS transmission. The third SPS can be at subframe 42 which is the expected subframe. The forth SPS is expected at subframe 62, the same reason as above, and it should be transmitted at subframe 64.
Talbe 1 gives the relationship between real SPS transmission and expected subframe.
Table 1 relationship between Initial SPS and expected subframe (configuration 6)
	Start subframe
	2
	3
	4
	7
	8

	Expected subframe/Real SPS/Subframe_Offset
	1st SPS
	2/2/0
	3/3/0
	4/4/0
	7/7/0
	8/8/0

	
	2nd SPS
	22/24/2
	23/27/4
	24/22/-2
	27/23/-4
	28/24/-4

	
	3rd SPS
	42/42/0
	43/43/0
	44/44/0
	47/47/0
	48/48/0

	
	4th SPS
	62/64/2
	63/67/4
	64/62/-2
	67/63/-4
	68/64/-4

	
	5th SPS
	82/82/0
	83/83/0
	84/84/0
	87/87/0
	88/88/0

	
	6th SPS
	102/104/2
	103/107/4
	104/102/-2
	107/103/-4
	108/104/-4


NOTE: the Subframe_Offset value indicates the subframe between expected SPS subframe and SPS transmitted subframe. Positive value indicates that the SPS transmission is later than the expected subframe, negative otherwise. 

If the start subframe of SPS is at subframe 4, 7 or 8, the real SPS is transmitted 2, 4 and 4 subframes advance respectively. 
According to table 1, the HARQ process used for SPS  transmission is 0, 0, 2, 2, 1, 1 respecitively for subframe 2 and 3. But for subframe 4, 7 and 8, the HARQ process used for SPS  transmission is 0, 2, 2, 1, 1, 0 respectively.
Figure 2 gives the TTI bundling of configuration 1.
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Figure 2 TTI bundling of UL/DL TDD configuration 1

From figure 2, we can see that the real SPS transmission can be at the expected subframe.

Figure 3 gives the TTI bundling of configuration 0.
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Figure 3 TTI bundling of UL/DL TDD configuration 0

Table 2 gives the relationship between real SPS  transmission and expected subframes.
Table 2 relationship between real SPS and expected subframe (configuration 0)
	Start subframe
	2
	3
	4

	Expected subframe/Real SPS/Subframe_Offset
	1st SPS
	2/2/0
	3/3/0
	4/4/0

	
	2nd SPS
	22/24/2
	23/27/4
	24/28/4

	
	3rd SPS
	42/38/-4
	43/39/-4
	44/42/-2

	
	4th SPS
	62/62/0
	63/63/0
	64/64/0

	
	5th SPS
	82/84/2
	83/87/4
	84/82/-2

	
	6th SPS
	102/102/0
	103/103/0
	104/104/0

	
	7th SPS
	122/124/2
	123/127/4
	124/122/-2


From table 2 we can see that several Subframe_Offset values should be defined in order to support SPS in combination with TTI bundling for configuration 0. Table 2 gives one periodicity, the SPS recurs with the Subframe_Offset value as in table 2.
For configuration 0, 1 and 6, the Subframe_Offset value as in table 3 can be used.
Table 3: Subframe_Offset values for SPS in combination with TTI bundling
	TDD UL/DL configuration
	Position of initial Semi-Persistent grant
	Subframe_Offset value (ms)

	0
	Subframes 2 and 7
	2, -4, 0, 2, 0, 2, 0

	
	Subframes 3 and 8
	4, -4, 0, 4, 0, 4, 0

	
	Subframes 4 and 9
	4, -2, 0, -2, 0, -2, 0

	1
	All subframes
	0

	2
	N/A
	N/A

	3
	N/A
	N/A

	4
	N/A
	N/A

	5
	N/A
	N/A

	6
	Subframe 2
	2, 0

	
	Subframe 3
	4, 0

	
	Subframe 4
	-2, 0

	
	Subframe 7, 8
	-4, 0


Table 3 can be used to get the real SPS transmission subframe, the Subframe_Offset is set cyclically. The SPS grant for TTI bundling recurs in each subframe for which: 

-
(10*SFN + subframe) = [(10*SFNstart time + subframestart time) + N * (Uplink Semi-Persistent Scheduling Interval) + Subframe_Offset value] modulo 10240, for all N>0.

Where SFNstart time and subframestart time are the SFN and subframe, respectively, at the time the configured uplink grant were (re-)initialised. Subframe_Offset values are cycled through from N=1.
Proposal 2: Use the Subframe_Offset values in table 3 to determine the position of SPS transmission for UL/DL TDD configuration 0, 1 and 6 when SPS is combined with TTI bundling.
2.3 Transmission collision
As described in section 2.2, for configuration 6, the HARQ process used for SPS initial transmission is 0, 0, 2, 2, 1, 1 respectively for subframe 2 and 3. For subframe 4, 7 and 8, the HARQ process used for SPS initial transmission is 0, 2, 2, 1, 1, 0 respectively.
From figure 3 we can see that the HARQ process used for configuration 0 is as table 4 below:

Table  HARQ process used for configuration 0
	Start subframe
	1st SPS
	2nd SPS
	3rd SPS
	4th SPS
	5th SPS
	6th SPS
	7th SPS

	2 and 7
	0
	0
	2
	2
	2
	1
	1

	3 and 8
	0
	0
	2
	2
	2
	1
	1

	4 and 9
	0
	0
	2
	2
	1
	1
	0


We can see that the same HARQ process may be used for contiguous initial SPS transmission. If the first transmission fails, it will collide with the next initial SPS transmission. Since there is no PDCCH for non-adaptive retransmission and SPS initial transmission, it is ambiguous for UE to do the transmission. The specification needs to define the priority of the non-adaptive retransmission and SPS initial transmission. In the current 36.321, the initial SPS has higher priority than the non-adaptive retransmission. In order to keep the consistency, the initial SPS has higher priority if collision occurs. But we should not restrict the dynamic scheduling for the non-adaptive retransmission. If adaptive retransmission is scheduled by eNB, the colliding initial SPS transmission will be scheduled dynamically.
Proposal 3: In SPS combined with TTI bundling case, if SPS initial transmission collides with non-adaptive retransmission, SPS initial transmission has higher priority. 
3. Conclusion
RAN2 is kindly asked to discuss and adopt the proposals:
Proposal 1: Once TTI bundling is activated, two-intervals-SPS should be switched off (if active).

Proposal 2: Use the Subframe_Offset values in table 3 to determine the position of SPS transmission for UL/DL TDD configuration 0, 1 and 6 when SPS is combined with TTI bundling.

Proposal 3: In SPS combined with TTI bundling case, if SPS initial transmission collides with non-adaptive retransmission, SPS initial transmission has higher priority. 
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