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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#90bis meeting [1], following agreements related to TDD-specific aspects for sTTI design have been achieved
Agreement: 
Support sPUCCH in UpPTS only for SSC 10.
Agreement:
Transmission of sDCI to schedule sPUSCH is supported in X-symbol sTTI, where the X-symbol sTTI denotes the part of DwPTS in the second slot of a special subframe and X is the number of symbols of DwPTS in the second slot.
Agreement:
For SSC 1,2,3,4,6,7,8, the following pre-defined table is used for the timing between UL grant and sPUSCH for TDD UL/DL configuration 1-5. In the following table describing k, sPUSCH is transmitted in slot n+k, where the corresponding UL grant is received in slot n.
	TDD UL/DL
	slot number n

	Configuration
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	1
	4
	4
	4
	4　
	　
	　
	　
	　
	　
	
	4
	4
	4
	4　
	　
	　
	　
	　
	
	

	2
	4　
	4　
	　
	　
	　
	　
	　
	　
	　
	　
	4　
	4　
	　
	　
	　
	　
	　
	　
	　
	　

	3
	6
	6
	6
	6　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	
	6
	6

	4
	4
	4
	4
	4　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	
	

	5
	4　
	4　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　



In this contribution, we discussed the remaining issues of TDD-specific aspects for sTTI design, including sTTI structure in special subframe, DL HARQ timing for sTTI, UL scheduling timing for sTTI and sDCI for sTTI scheduling in special subframe.
sTTI structure in special subframe 
According the agreement in RAN1 #90, when DwPTS duration exceeds 1-slot duration, DwPTS is split into a 1-slot sTTI and an X-OS sTTI, where X is the number of symbols of DwPTS in the second slot. Moreover, for special subframe configurations 3, 4, 8, X is not less than 4 OS, which can be used to sPDSCH transmission.
For special subframe configurations 1, 2, 6, 7, where X is smaller than 4, the sPDSCH transmission in the second slot of DwPTS should also be supported to reduce the waste of resources. And the designs of 2/3-OS sPDSCH can be reused.
Proposal 1: Support sPDSCH transmissions in both sTTIs of DwPTS when DwPTS exceeds 1-slot duration for special subframe configurations 1, 2, 6, 7.
DL HARQ for sTTI
DL HARQ timing
According the agreement in RAN1 #90, the timing between sPDSCH to HARQ-ACK and UL grant to sPUSCH are determined by pre-defined table, and the minimum processing time for X-symbol sTTI is the same as 1-slot sTTI. In the following, we provide our HARQ timing table for SSF configuration 0~9 and 10, respectively.
DL HARQ timing for SSC 0~9
It is agreed that the minimum processing time for X-symbol sTTI is the same as 1-slot sTTI. Then with the minimum processing time n+4, the DL HARQ timing table is proposed in the following. 
[bookmark: _Ref471813956]Table 1. Proposed HARQ timing for SSF configuration 0~9, kmin=4
	TDD UL/DL
Conf.
	slot number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	0
	
	
	
	
	4
	4
	4
	4
	
	
	
	
	
	
	4
	4
	4
	4
	
	

	1
	
	
	
	
	6,5
	5,4
	4
	4
	
	
	
	
	
	
	6,5
	5,4
	4
	4
	
	

	2
	
	
	
	
	8,7,12,11
	7,6,5,4
	
	
	
	
	
	
	
	
	8,7,12,11
	7,6,5,4
	
	
	
	

	3
	
	
	
	
	14,13,12
	12,11,10
	10,9
	9,8
	8,7
	7,6
	
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	16,15,14,13
	13,12,11,10
	10,9,8,7
	7,6,5,4
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	
	18,17,16,15,14,13,12, 22,21
	12,11,10,9,8,7,6,5,4
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	6
	6
	6
	6
	6
	6
	
	
	
	
	4
	4
	4
	4
	
	


Note: the blue numbers in the above table correspond to the sPDSCH carried on DwPTS.
DL HARQ timing for SSC 10
According the agreement in RAN1 #90bis, sPUCCH in UpPTS for SSC 10 is supported. Therefore, we proposed the DL HARQ timing for SSC 10 in Table 2.
[bookmark: _Ref490054631][bookmark: _Ref490054623]Table 2. Proposed HARQ timing for SSF configuration 10, kmin=4 
	TDD UL/DL
	slot number n

	Configuration
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	0
	
	
	
	
	4
	4
	4
	
	
	
	
	
	
	
	4
	4
	4
	
	
	

	1
	　
	　
	　
	5
	5
	5
	5
	5
	
	
	
	
	
	5
	5
	5
	5
	5
	　
	　

	2
	　
	　
	　
	7,6,11
	6,5
	5,4
	
	
	
	
	
	
	
	7,6,11
	6,5
	5,4
	
	
	　
	　

	3
	　
	　
	　
	13,12
	12,11
	11,10
	10,9
	9,8
	8,7
	7
	
	
	
	
	
	
	
	
	　
	　

	4
	　
	　
	　
	15,14,13
	13,12,11
	11,10,9
	9,8,7
	7,6,5
	
	
	
	
	
	
	
	
	
	
	　
	　

	5
	　
	　
	　
	17,16,
15,14,13, 21
	13,12,11,
10,9,8
	8,7,6,
5,4
	
	
	
	
	
	
	
	
	
	
	
	
	　
	　

	6
	　
	　
	　
	5
	5
	5
	5
	5
	
	
	
	
	
	
	4
	4
	4
	
	　
	　



DL HARQ process number
HARQ process number is decided based on RTT which includes processing time of UE and processing time of eNB. Table 3 gives an example of DL transmission for TDD sTTI systems with UL/DL configuration 2 and SSF configuration 4, assuming minimum n+2 processing time for X-OS sTTI and n+4 processing time for 1-slot sTTI. It can be seen that the maximum number of HARQ processes should be 11 for this case. With similar way, the maximum numbers of HARQ processes of the other cases are shown in Table 4.
[bookmark: _Ref471843196]Table 3. HARQ pattern for UL/DL configuration 2
[image: ] 
[image: ][image: ]     DL transmission of process n             ACK/NACK of process n

[bookmark: _Ref471843109][bookmark: _Ref471843106]Table 4. Maximum number of HARQ processes for FS2
	UL/DL configuration
	sPDSCH in X-OS
(kmin =4 for X-OS sTTI)
	No sPDSCH in X-OS

	0
	4
	3

	1
	6
	5

	2
	12
	10

	3
	14
	13

	4
	16
	15

	5
	22
	20

	6
	6
	5



Proposal 2: the maximum number of HARQ processes for FS2 in Table 4 is adopted.
UL scheduling timing for sTTI
[bookmark: _GoBack]According the agreement in RAN1 #90bis, the UL scheduling timing, i.e., the time relation between UL grant and sPUSCH transmission for SSC 1,2,3,4,6,7,8 with TDD UL/DL configuration 1-5 is agreed, where the sDCI can be transmitted in the second slot of special subframe. Therefore, this UL scheduling timing cannot be reused for SSC 0, 5,9,10. In the following, the UL scheduling timing for SSC 1,2,3,4,6,7,8 with TDD UL/DL configuration 0/6, and that for SSC 0, 5,9,10 are discussed.
For a certain TDD UL-DL configuration, when a UE detects an sPDCCH with UL grant in sTTI n, it will transmit sPUSCH in subframe n+k, where the value of k are given in Table 5, Table 6 and Table 7. When k has more than one value, e.g. k1 and k2, the UE transmits sPUSCH in sTTI n+ k1 and/or n+ k2, depending on DCI indication.
[bookmark: _Ref497151808]Table 5. UL scheduling timing for SSC 1,2,3,4,6,7,8 
with TDD UL/DL configuration 0 and 6, kmin=4
	TDD
configuration
	sTTI index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	0
	4
	4
	4,5
	5,6
	
	
	
	
	
	
	4
	4
	4,5
	5,6
	
	
	
	
	
	

	6
	6
	6
	6
	6
	
	
	
	
	
	
	4
	4
	4
	4
	
	
	
	
	6
	6



[bookmark: _Ref471813970]Table 6. UL scheduling timing for SSC 0,5,9,10 with TDD configuration 0~5, kmin=4
	TDD
configuration
	sTTI index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	0
	4,5
	5,6
	6,7,11
	
	
	
	
	
	
	
	4,5
	5,6
	6,7,11
	
	
	
	
	
	
	

	1
	5
	5
	5
	
	
	
	
	
	5
	5
	5
	5
	5
	
	
	
	
	
	5
	5

	2
	4
	4
	-
	
	
	
	
	
	
	4
	4
	4
	-
	
	
	
	
	
	
	4

	3
	7
	7
	7
	
	
	
	
	
	
	
	
	
	
	
	
	
	7
	7
	7
	7

	4
	5
	5
	5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	5
	5

	5
	4
	4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	4


Notes: the red number in Table 6 denote k for PUSCH on UpPTS with special subframe configuration 10.
[bookmark: _Ref489984240]Table 7. UL scheduling timing for SSC 0,5,9,10 with TDD configuration 6, kmin=4
	SSF
configuration
	sTTI index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	0~9
	6
	6
	6,7
	
	
	
	
	
	
	
	4
	4
	4,5
	
	
	
	
	
	6
	6

	10
	5,6
	6,7
	7,11
	
	
	
	
	
	
	
	4
	4
	4,5
	
	
	
	
	
	5
	5


Notes: the red number in Table 7 denote k for PUSCH on UpPTS with special subframe configuration 10.
Number of symbols of sPUSCH in UpPTS
In current LTE, to decouple the configuration of number of data symbols and SRS in UpPTS, the number of data symbols of PUSCH transmission in UpPTS is configured by higher layer. For the same reason, it is also should be configured for sTTI in FS2.
Proposal 3: The number of data symbols of sPUSCH transmission in UpPTS should be configured by higher layer.
Conclusion
In this contribution, we discussed TDD-specific aspects for sTTI design, including sTTI structure in special subframe, DL HARQ timing for sTTI, UL scheduling timing for sTTI and sDCI for sTTI scheduling in special subframe. Based on the above discussion, we have the following observations and proposals:
Proposal 1: Support sPDSCH transmissions in both sTTIs of DwPTS when DwPTS exceeds 1-slot duration for special subframe configurations 1, 2, 6, 7.
Proposal 2: the maximum number of HARQ processes for FS2 in Table 4 (as below) is adopted.
Table 4. Maximum number of HARQ processes for FS2
	UL/DL configuration
	sPDSCH in X-OS
(kmin =4 for X-OS sTTI)
	No sPDSCH in X-OS

	0
	4
	3

	1
	6
	5

	2
	12
	10

	3
	14
	13

	4
	16
	15

	5
	22
	20

	6
	6
	5


Proposal 3: The number of data symbols of sPUSCH transmission in UpPTS should be configured by higher layer.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref471821343]RAN1#90bis Chairman Notes.
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