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1 Introduction

In the new WI on Short TTI and reduced processing [1] the (selected) objectives are set to be:

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

In this contribution, we discuss the various aspects related to TDD and propose a suitable design.
2 Discussion
2.1 sTTI in special subframe

In TDD, a special subframe (SF) is split into three parts: a DL part (DwPTS), GP (Guard Period) and an UL part (UpPTS). The DwPTS with duration of more than 3 symbols can be treated as a normal DL SF for data transmission. However, the UpPTS is not used for data transmission due to the very short duration in the first releases of LTE. Instead, UpPTS can be used for channel sounding or random access. In LTE release 14 the possibility of using UpPTS for data transmission will be specified for a specific special SF configuration. Typically, the DL/UL configuration and the configuration of the special SF used in a cell are signalled as part of the system information, which is included in system-information block 1 (SIB1) and broadcasted every 80 ms within SF 5. 

To support 1-slot sTTI in TDD, each UL or DL SF can be divided into two 1-slot sTTIs. On the other hand, depending on the special SF configuration, the length of DwPTS can vary from 3 symbols to 12 symbols. When the DwPTS duration is longer than 1-slot, there are different options to construct the DL sTTI in a special SF:
Option 1: Only transmit sPDSCH in the first slot of the special SF.

Option 2: Divide the DwPTS into two DL sTTIs, i.e. a 1-slot sTTI (the first slot of the special SF) and a shorter sTTI (the DwPTS part in the second slot of the special SF).

Option 3: Always treat DwPTS as a single sTTI regardless of the length of DwPTS.

Option 1 will result in waste of DL resources for sTTI transmissions. Option 2 requires more specification work. For example, the following questions need to be addressed: 1) the same or different minimum timings for the two DL sTTIs in a special SF? 2) The same or different timing tables for different special SF configurations? 3) When the shorter DL sTTI in the second slot of the special SF is very small, e.g., 2 or 3 symbols, support DL sTTI transmission on it or not? 4) How to design sDCI for scheduling the shorter DL sTTI transmission in the second slot of the special SF? 5) Is it ok to transmit UL sDCI in the shorter DL sTTI in the second slot of the special SF? 
On the other hand, Option 3 can make use of all the DL resource without requiring additional specification work. However, it should be noted that when the DwPTS is longer than 1-slot, the minimum processing time for this longer sTTI maybe longer. To maintain the minimum processing time close to the one for slot TTI, the TBS for DwPTS longer than a slot could be set to the TBS of slot TTI. The tables presented in this paper are based on Option 3.
Observation 1 The design of sTTI structures in special subframes will have an impact on the DL HARQ timing table and uplink scheduling table for FS2 with slot-based sTTI.

2.2 DL HARQ timing
Hybrid Automatic Repeat Request (HARQ) timing is defined as the time relation between the reception of data in a certain HARQ process and the transmission of the HARQ acknowledgement. Based on this timing, the receiver is able to know to which HARQ process a received acknowledgement is associated. 

In TDD with legacy TTI operations, HARQ-ACK for DL transmissions is only allowed to be transmitted in UL SFs. The HARQ acknowledgement of a transport block in DL SF [image: image2.png]


 is transmitted in UL SF[image: image4.png]n+k



, where [image: image6.png]k=4



. The value of [image: image8.png]


 depends on the DL/UL configuration, and it can be derived from the downlink association set table, i.e., Table 10.1.3.1-1 in TS 36.213. 

By shortening the TTI length, the minimum processing time required in the terminal and eNodeB can be reduced. Therefore, a new DL HARQ-timing table needs to be defined for TDD with slot-based TTI.
Observation 2 A new DL HARQ-timing table needs to be defined for TDD with slot-based TTI.

DL HARQ-timing table for TDD with slot-based TTI can be designed based on different objectives: 1) latency optimized; 2) HARQ-ACK payload balancing among UL sTTIs. Figure 1 shows examples of different HARQ-timing relations for DL/UL configuration 2 with slot-based TTI, assuming that the minimum processing time for DL HARQ feedback is 4 times of short TTIs. We see from Figure 1 (middle) that with the objective of optimizing the latency, HARQ-ACK of 6 DL transmissions have to be transmitted on sTTI 4, the same for sTTI 14. While as for the case of HARQ load balancing shown in Figure 1 (bottom), 4 DL transmissions need to be acknowledged on sTTI 4 and sTTI 14.
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Figure 1 DL HARQ-timing for TDD DL/UL configuration 2. Top: legacy, middle: latency optimized, bottom: payload optimized.
Observation 3 A new DL HARQ-timing table for TDD with slot-based TTI can be designed based on the objective of either optimizing the latency or balancing the HARQ payload.

Note that, here, we assume that the DL HARQ timing is [image: image10.png]n+k



, with k>=4. The timing relations will look different when the minimum processing time is different. However, the same methodology can be used to derive the DL HARQ-timing. Table 1 shows the examples of the DL HARQ timing for all UL-DL configurations based on the load balancing approach, assuming n+4 minimum timing for all DL sTTIs and always treating DwPTS as a single sTTI. 
Table 1 Downlink association set index
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 for TDD with slot-based TTI 
	TDD DL/UL Configuration
	Slot (TTI) Index n
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	8,9,
10
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	5
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	6
	 
	 
	 
	
	6
	6
	6
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	4
	4
	 
	 
	 


2.3 UL scheduling timing

UL scheduling timing refers to the time relation between a received UL grant in a DL SF [image: image14.png]


 and the UL transmission in an UL SF [image: image16.png]n+k



. The value of k  k depends on the DL/UL configuration. For TDD DL/UL configurations 1-6 with legacy TTI, the value ofis given in Table 8-2 in 3GPP TS 36.213. For DL/UL configuration 0, the value of k also depends on the Most Significant Bit (MSB) and the Least Significant Bit (LSB) of the UL index in the UL DCI received at SF [image: image21.png]


.
By shortening the TTI length, the time between receiving a UL grant and the UL transmission can be reduced. Therefore, a new UL scheduling timing table needs to be defined for TDD with slot-based TTI.

Observation 4 A new UL scheduling timing table needs to be defined for TDD with slot-based TTI.

Similar to the design of the DL HARQ-timing table, the UL scheduling timing table for TDD with slot based TTI can also be designed based on different objectives: 1) latency optimized; 2) UL grants balancing among UL sTTIs.
If the UL scheduling table is designed based on the objective of optimizing the latency, then, under some UL/DL configurations, there will be more than one UL sTTIs scheduled on a single DL sTTI. For configuration 0 and 6, if a scheduling timing of [image: image22.png]n+k



, with k>=4is assumed, then, there can be five UL sTTIs scheduled on a single DL sTTI, which requires a significant increase of the number of bits in the Uplink Index (UI) of the UL DCI in order to enable a full scheduling flexibility. One way to handle this issue is to restrict that the same UE is scheduled for all these UL sTTIs, by using the same UL DCI signalled from the DL sTTI. However, this restriction can impact the scheduling flexibility a lot, and it can also result in an increased latency due to the increased waiting time for scheduling. Therefore, it is suggested that the UL scheduling table is designed based on the load balancing method.
Observation 5 A new UL scheduling-timing table for TDD with slot-based TTI can be designed based on the objective of either optimizing the latency or balancing the number of UL grants. The load balancing approach is the preferred solution.
Even with the load balancing method, for UL/DL configurations 0 and 6, where the number of DL sTTIs is smaller than that of UL sTTIs (including UpPTS), the number of scheduled UL sTTIs in a certain DL sTTI can be larger than one. In these cases, the 2-bit Uplink Index (UI) field is required to indicate the scheduled sTTI(s). 
Observation 6 An UI field is required for some DL/UL configurations in TDD with slot based TTI operations.
Table 2 shows the examples of the UL scheduling timing for all UL-DL configurations based on the load balancing approach, assuming that n+4 is the minimum timing for all UL sTTIs and UpPTS is not used for sPUSCH transmissions.
Table 2 Uplink scheduling timing for TDD with slot-based TTI 

	TDD DL/UL Configuration
	Slot (TTI) Index n

	
	0
	1
	2
	3
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3 Conclusion

In section 2 we made the following observations:
Observation 1
The design of sTTI structures in special subframes will have an impact on the DL HARQ timing table and uplink scheduling table for FS2 with slot-based sTTI.
Observation 2
A new DL HARQ-timing table needs to be defined for TDD with slot-based TTI.
Observation 3
A new DL HARQ-timing table for TDD with slot-based TTI can be designed based on the objective of either optimizing the latency or balancing the HARQ payload.
Observation 4
A new UL scheduling timing table needs to be defined for TDD with slot-based TTI.
Observation 5
A new UL scheduling-timing table for TDD with slot-based TTI can be designed based on the objective of either optimizing the latency or balancing the number of UL grants. The load balancing approach is the preferred solution.
Observation 6
An UI field is required for some DL/UL configurations in TDD with slot based TTI operations.

Based on the observations we propose the following:
· For the DL-HARQ timing targeting slot-based TTI operation for FS2 discuss whether or not to define the new HARQ-ACK timing tables based on optimizing the latency or balancing the HARQ payload

· For the UL scheduling timing targeting slot-based TTI operation for FS2, define the new scheduling timing table based on load balancing
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