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1. Introduction

In RAN1#85, agreement of short TTI length are made as following,
Agreements:
· Regarding sTTI length:

· Confirm the working assumption for FS1 FDD

· Take the following agreement for FS2 TDD

· It is recommended to support a design that is based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH for FS2 TDD in Rel-14

· It is recommended to consider enhancements including other shorter sTTI duration(s), and additional DL-UL switching points/ additional subframe types for FS2 TDD latency reduction in Rel-15

And agreement of processing time reduction as following,
· The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k sTTI for short TTI operation;
· Processing time >= the legacy processing time linearly downscaled with TTI length

· 4 <= k <= 8
· FFS whether or not to support processing time is lower than the legacy processing time linearly downscaled with TTI length for at least slot based TTI

· k < 4 for slot based TTI. 

· Note that sTTI refers to 

· sPUSCH sTTI for the UL grant to UL data timing 

· sPDSCH sTTI for the DL data to DL HARQ feedback timing

· FFS how to the handle the minimum timing for the case when DL sTTI and UL sTTI have different lengths

· Further study whether or not the eNB would indicate an additional parameter m (Note: the value may be dependent on the discussion on the max TA), resulting in a timing of n + k + m sTTI

· FFS: semi-static or dynamic configuration of m, if introduced

· The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k TTI for subframe-long TTI operation and short TTI capable UEs. 

· k = 4 is supported

· Further study whether a reduced minimum timing is possible, e.g. k = 2, k = 3, and if a reduced maximum TBS is needed to achieve this

· Note: CQI feedback enhancements for short TTI and legacy TTI are not precluded
In RAN1#86 ~ 89, no further agreements about the HARQ timing design for shortened TTI in TDD are made. In this contribution, principles of HARQ timing design for sTTI are discussed and DL HARQ timing with k=4 linearly downscaled TTI length are provided.
2. Discussion on design principles for HARQ timing
For TDD, due to the discontinuous transmission of either DL or UL direction, the HARQ timing design is complicated than that of FDD. Specifically, the HARQ timing depends not only on the different UL/DL configurations, but also on different special subframe configurations. This indicates that the HARQ timing needs to be designed separately for different TDD UL/DL configurations and special subframe configuration. One example of different special subframe configurations of TDD config.2 is shown in Fig.2. Supposing that there is one valid TTI within special subframes if the DwPTS is longer than 6 symbols, there will be one more DL TTI (TTI 3) for special subframe configuration 1/2/3/4/6/7/8 than 0/5/9/10 in every 5ms period.
Proposal 1 : For TDD with short TTI, the HARQ timing needs to be designed separately for different TDD UL/DL configurations and special subframe configurations.
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Fig.2 sTTI partition of different special subframe configurations for TDD configuration 2 with 0.5ms TTI

To continue the HARQ timing design of sTTI for each TDD configuration and special subframe configuration, basic design principles are preferred to be aligned, similar to uplink HARQ timing design discussed in Rel-8 [1]. In the following, three design principles are proposed.
· Principle 1 (coverage first): The number of ACK/NACKs from different HARQ process to be multiplexed in one TTI shall be kept as less as possible. 
For robust transmission of ACK/NACKs, the number of ACK/NACKs from different HARQ process to be multiplexed in one TTI should be kept as less as possible. That is the allocation of ACK/NACK among downlink TTIs for uplink feedback or among uplink TTIs for downlink feedback should keep load balance within each RTT. Take downlink HARQ process as example, if two uplink TTIs, e.g., SF1, SF2, are considered as candidate for ACK/NACK transmission for HARQ process x and y, then it is naturally that SF1 for process x, SF2 for process y. Since allocating both ACK/NACKs from process x and y into SF1 may lead to poor ACK/NACK coverage.
· Principle 2 (latency second): Under the condition of principle 1, it shall further consider the number of TTIs between data and its ACK/NACK transmission to be as less as possible.

The reason for principle 2 is to minimize the HARQ feedback delay. Latency first design may lead to quite a lot of A/Ns from different process to be multiplexed in the very first uplink TTI, which is contradicted to principle 1. Therefore, latency second principle is considered. Furthermore, it is naturally that between different HARQ processes, the earlier the data is being transmitted, the earlier the feedback should be conveyed.
· Principle 3: The timing relationship between data and HARQ-ACK transmission shall be TTI index specific.

One observation is that the HARQ process number may be larger than the available DL/UL TTIs in each frame periodicity, similar to Rel-8 HARQ design, the timing relation between data and HARQ-ACK transmission shall be TTI index specific. No matter which HARQ process it belongs, the data transmitted in the same TTI index should be feedback on the same feedback TTI index.
In addition, the processing time, which means the maximum time duration for a UE/eNB transmit A/N feedback after receiving the data, can be considered to linearly scale down according to the length of TTI. Fig.2 gives an example of DL transmission for 0.5ms TTI, TDD config.2 with special subframe config.0/5/9, supposed that the processing delay are linearly scaled down according to TTI length and uplink control channel is not carried by UpPTS.  It can be seen that TTI # 14 and 15 are candidate feedback occurrences for HARQ process 2,3,4,5,6,7,8. According to coverage principle (principle 1) and latency principle (principle 2), TTI #14 is picked up for HARQ process 2,3,4,5 and TTI # 15 is picked up for HARQ process 6,7,8. 
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Fig.2 HARQ pattern for special subframe configuration 0/5/9, TDD configuration 2 with 0.5ms TTI
Proposal 2: The HARQ timing design of short TTI for TDD is suggested to be based on the following principles,
· Principle 1 (coverage first): The number of ACK/NACKs from different HARQ process to be multiplexed in one TTI shall be kept as less as possible. 
· Principle 2 (latency second): under the condition of principle 1, it shall further consider the number of TTIs between data and its ACK/NACK transmission to be as less as possible.

· Principle 3: The timing relationship between data and HARQ-ACK transmission shall be TTI index specific.

3. DL HARQ timing design for TDD with 0.5ms sTTI
In this section, HARQ timing design of TDD UL/DL config.2 is shown as an example, and then the delay values between feedback sTTI and PDSCH transmission sTTI of all TDD configurations are given.
As shown in figure 2, according to number of DL OFDM symbols in special subframe, it can be categorized into two classes. And we also consider the special subframe configuration 10 introduced in Uplink Capacity enhancement WI.

· Class 1:  special subframe configuration 0,5,9 and 10. 
· Class 2: special subframe configuration 1, 2, 3, 4, 6, 7, 8.
For class 1, there will be no downlink transmission on the second slot of special subframes, while for class 2, DL symbols exist on the second slot of special subframes. Although there may be no downlink PDSCH transmission in special subframe configuration 0,5 or in the second sTTI of special subframe for some configurations since only 2 or 3 DL symbols exist, we consider a common principle that a DL process is available as long as DL symbols existed in a sTTI, just to simply the design complexity.  HARQ timing design in LTE system also allocates DL process for special subframes no matter what special subframes configuration is.
Considering that uplink control channel is not carried by UpPTS for special subframe configuration 0,5 and 9. While for special subframe configuration 10, it is preferred that the sPUCCH transmission in UpPTS is supported. Based on above design principles, HARQ timing for class 1 is given in figure 3 and figure 4. The first row shows subframe index, second row gives sTTI index inside every subframe, and the third row denote sTTI index if numbered increasingly among one radio frame. There are 10 DL processes for class 1, special subframe configuration 0,5,9, TDD config.2, with a RTT of 7.143ms and  9 DL processes for class 1, special subframe configuration 10, TDD config.2, with a RTT of 6.429ms.
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Fig.3 HARQ pattern for class 1, special subframe configuration 0,5,9, TDD configuration 2 with 0.5ms TTI
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Fig.4 HARQ pattern for class 1, special subframe configuration 10, TDD configuration 2 with 0.5ms TTI
Figure 5 shows HARQ timing for class 2 based on above design principles. For design simplity, It is supposed that DL transmission can hapen in the second slot of special subframe. It is up to eNB to decide whether an actual PDSCH transmission is scheduled or not in those sTTIs. Considering that uplink control channel is not carried by UpPTS . There are 12 DL processes for class 2, with a RTT of 7.5ms.
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Fig.5 HARQ pattern for class 2, TDD configuration 2 with 0.5ms TTI
HARQ timing designs of all the other TDD UL/DL configurations can be made correspondingly. The UE shall upon detection of a PDSCH transmission or a PDCCH/EPDCCH indicating downlink SPS release (defined in 3GPP 36.213 subclause 9.2) within sTTI(s) [image: image6.wmf]k
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 is defined as following table 1 intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK response in UL sTTI n.
Proposal 3: Regarding to DL HARQ timing design for TDD with 0.5ms sTTI, it is recommended to apply the timing relationship that described in Table1.
Table 1. Downlink association set [image: image9.wmf]K
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	Class 1
	-
	-
	-
	-
	4
	4
	4
	-
	-
	-

	
	Class 2
	
	
	
	
	4
	4
	4
	4
	
	

	1
	Class 1
	-
	-
	-
	-
	6,5
	5
	5
	5
	-
	-

	
	Class 2
	
	
	
	
	6,5
	5,4
	4
	4
	
	

	2
	Class 1(0,5,9)
	-
	-
	-
	-
	12,8,7,6
	6,5,4
	
	
	-
	-

	
	Class 1(10)
	
	
	
	11,7,6
	6,5
	5,4
	
	
	
	

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

	3
	Class 1(0,5,9)
	-
	-
	-
	-
	14，13，12
	12，11
	11，10
	10，9
	9，8
	8，7

	
	Class 1(10)
	
	
	
	13,12
	12,11
	11,10
	10,9
	9,8
	8,7
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	Class 2
	
	
	
	
	14，13，12
	12，11，10
	10，9
	9，8
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	7，6
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	Class 1(0,5,9)
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	Class 2
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	1
	Class 1
	-
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	-
	6,5
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	Class 2
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	2
	Class 1(0,5,9)
	-
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	Class 1(10)
	
	
	
	11,7,6
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	Class 1(0,5,9)
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	4
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	4
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4. Conclusions
In this contribution, design principles for TDD HARQ timing design for latency reduction are discussed, and DL HARQ timing design for TDD with 0.5ms sTTI are provided. The following proposals are made:
Proposal 1 : For TDD, the HARQ timing needs to be designed separately for different TDD UL/DL configurations and special subframe configurations.
Proposal 2: The HARQ timing design of short TTI for TDD is suggested to be based on the following principles,
· Principle 1 (coverage first): The number of ACK/NACKs from different HARQ process to be multiplexed in one TTI shall be kept as less as possible. 
· Principle 2 (latency second): under the condition of principle 1, it shall further consider the number of TTIs between data and its ACK/NACK transmission to be as less as possible.

· Principle 3: The timing relationship between data and HARQ-ACK transmission shall be TTI index specific.
Proposal 3: Regarding to DL HARQ timing design for TDD with 0.5ms sTTI, it is recommended to apply the timing relationship that described in Table1.
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