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1 Introduction

In the RAN#73 meeting, the revised Work Item on shortened TTI and processing time for LTE was approved [1]. According to [1], 2-symbol sTTI needs to be completed by RAN#76.
In RAN1#86bis meeting, it was agreed that
· Short TTI is not configured with extended CP.

· For 2-symbol TTI, RAN1 will down-select UL sTTI structure among the following options:

· Option 1: fixed sTTI structure 

· The data symbol(s) for sPUSCH are confined within a sTTI. Note that the DMRS for one sTTI may be placed within or outside the sTTI.

· Option 1a: without spanning over slot boundary

· The presence (if any) and the position of the UL DMRS is given by the UL grant, 

· If the UL DMRS is present it can be positioned before, within or after the sTTI

· Considered sTTI patterns in OFDM symbols per subframe

· Alt1: (2, 2, 3, 2, 2, 3)

· Alt2: (3, 2, 2, 2, 2, 3)

· Alt3: (3, 2, 2, 3, 2, 2)

· Option 1b: a sTTI can span over slot boundary

· Considered sTTI patterns in OFDM symbols per subframe

· Alt1: (2, 2, 2, 2, 2, 2, 2)

· Option 2: fixed nominal sTTI starting points and a possibility to delay the start of the transmission by N symbols with an indication in the UL grant 

· The presence (if any) and the position of the UL DMRS is given by the UL grant, 

· If the UL DMRS is present it can be positioned before, within or after the sTTI 

· The nominal sTTI starting point is determined by n+k processing time and DL sTTI structure

· For the combination of sTTI for DL and UL, RAN1 chooses one to be supported among the following alternatives.

· Alt 1. {2,2}, {7,7}

· Alt 2. {2,2}, {2,4}, {7,7}

· Alt 3. {2,2}, {2,7}, {7,7}

· Alt 4. {2,2}, {2,4}, {2,7}, {7,7}

· Note: {a,b} denotes {DL sTTI length, UL sTTI length}.

· Note: DL sTTI length is used for sPDCCH and sPDSCH.

· Note: UL sTTI length is used for sPUSCH and sPUCCH corresponding to sPDCCH and sPDSCH, respectively.

· RAN1 study the necessity of {2,14} and/or {7,14} 

In this contribution, we will analyze and give our views on 2-symbol UL sTTI structures, UL sTTI length and the combination of UL and DL sTTIs. 
2 Discussion on 2-symbol UL sTTI structures

2.1 2-symbol UL sTTI pattern
The aspects that have impacts on uplink sTTI structure are discussed in this section.
· Varying number of shortened TTI within a subframe.
In the last meeting, it was agreed that the presence (if any) and the position of the UL DMRS is given by the UL grant for 2-symbol UL sTTI. While the UL DMRS position is not fixed, one pre-defined sTTI pattern per UL sTTI length is more efficient and simpler for network and UE processing. In addition, HARQ timing and scheduling timing are hard to be defined for varying number of sTTIs as many cases need to be considered. Therefore, option 2 is not desirable.
· SRS consideration

Considering that SRS may be configured in the last symbol, it is preferred that at least 3 symbols should be configured in the last sTTI. Therefore, Alt 3 of option 1a and Alt 1 of option 1b are not desirable.
· Multiplexing of 1ms TTI with hopping and sTTI operation
If frequency hopping is configured to 1ms PUSCH, it is mapped to different PRBs in two slots of the PRB pair. Then the sTTI bands that cross slot boundary would collide with 1-ms TTI bands if they are multiplexed in the same subframe. In addition, sTTI structure confining sTTI within a slot is also beneficial to multiplex sPUCCH and PUCCH which has frequency hopping between slots. Therefore, Alt 1 of option 1b is not desirable.
· Slot based sTTI operation together with 2 symbol sTTI operation
If 2-symbol sTTI spans overs slot boundary, 2-symbol sTTI and 1-slot sTTI can only be scheduled on different PRBs, which impose restrictions on scheduling flexibility. To avoid this scheduling restriction, it is beneficial that no sTTI spans over slot boundary. Therefore, Alt 1 of option 1b is not desirable.
· Achievable minimum scheduling/HARQ timing with varying sTTI length
For Alt 1 of option 1b and option 2, only 1-symbol sPUSCH and 2-symbol sPUSCH exist within a subframe, while for other options, there is also 3-symbol sPUSCH. Thus Alt 1 of option 1b and option 2 can achieve the smallest minimum HARQ/scheduling timing. However, the difference of processing time is trivial since total processing time includes not only processing parts linear to TTI length such as turbo encoding and decoding but also processing parts non-linear to TTI length such as TA.
Based on above discussion, the comparisons are summarized in Table 1.

Table 1 Comparison of 2-symbol UL sTTI structure options
	
	Option 1: fixed sTTI structure
	Option 2: Variable sTTI patterns

	
	Option 1a
	Option 1b
	

	
	Alt1: (2, 2, 3, 2, 2, 3)
	Alt2: (3, 2, 2, 2, 2, 3)
	Alt3: (3, 2, 2, 3, 2, 2)
	Alt1: (2, 2, 2, 2, 2, 2, 2)
	

	Varying sTTI number in a subframe
	No

	Yes
(hard to define HARQ timing)

	Single symbol sTTI due to SRS
	No
	No
	Yes
	Yes
	-

	Restriction of multiplexing with frequency-hopped 1ms TTI
	Low
	Low
	Low
	High
	-

	Time domain multiplexing with 1-slot sTTI
	Yes
	Yes
	Yes
	No
	-

	minimum scheduling/HARQ timing
	small
	small
	small
	Maybe a little smaller
	Maybe a little smaller


According to the above analysis, for 2-symbol based DL sTTI, both Alt1 {2, 2, 3, 2, 2, 3} and Alt2 {3, 2, 2, 2, 2, 3} of option 1a could work well. Therefore, we propose to down-select between these two options.

Proposal 1: For 2-symbol based UL sTTI, down-select between Alt1 {2, 2, 3, 2, 2, 3} and Alt2 {3, 2, 2, 2, 2, 3} of option 1a.
2.2 2-symbol UL sTTI DMRS position
With 2-symbol UL sTTI, DMRS sharing is a promising way to reduce DMRS overhead. The DMRS candidate positions should ensure a good channel estimation performance and high flexibility, while the DMRS overhead and signaling overhead should be kept low.
There are three alternatives for DMRS candidate positions, as shown in Figure 1.
· Alt 1: Every symbol is a DMRS candidate position. This option could provide the highest flexibility, but has the largest signaling overhead, as three bits is required to indicate one of the candidate DMRS positions in a slot and four bits for a subframe.
· Alt 2: Fixed candidate positions in a slot. To reduce latency, the first symbol of a slot should be a candidate position. With the middle symbol of a slot as a candidate position, the distance between each sTTI in the slot and the candidate DMRS symbols is at most one symbol, which can achieve a good channel estimation performance. With this option, the signaling overhead can be reduced, that only one bit is required to indicate one of the DMRS candidate positions in a slot and two bits for a subframe [4].
· Alt 3: The first symbol of each sTTI is a DMRS candidate position. Assuming a moderate DMRS overhead (two DMRS symbols in a slot), good channel estimation can be achieved as the distance between sTTI and the DMRS symbol is at most two symbols. Considering that the sTTI cannot be too far from the DMRS symbol, we can limit that the shared DMRS symbol is within 4 sTTI away from the scheduled sTTI. Then, two bits are required to indicate one of the useful DMRS candidate positions [4].
Considering the achieved channel estimation performance and signaling overhead, we propose to down-select between alternative 2 and alternative 3.
Proposal 2: For 2-symbol UL sTTI, the candidate DMRS positions are down-selected between following options:

· Option 1: The first and fourth symbols of a slot;

· Option 2: The first symbol of each sTTI. 
· Note it does not mean the DMRS is always within the scheduled sTTI.
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Figure 1 Candidate DMRS positions
3 Discussion on UL sTTI length
For UL sTTI, a remaining issue is to determine whether 4-symbol sTTI length is supported.
The 4-symbol UL sTTI achieves lower latency and larger user perceived throughput for uplink traffic than 1-slot UL sTTI does, and has larger sPUCCH coverage than 2-symbol UL sTTI has. Therefore, 4-symbol sTTI could acquire a trade-off between latency and coverage, and thus should be supported.
On standardization efforts, there are mainly three aspects:

· 4-symbol sTTI structure and channel design: The structure of {4, 4, 4, 4} symbols in a subframe has been agreed and the DMRS position is the same with legacy LTE. The sPUSCH is almost the same with 1-slot sTTI. 4-symbol sPUCCH structure could simply extend from 2OS sPUCCH design by sharing DMRS symbol between 2 sTTI, which is the same as 4OS sPUSCH structure [5].
· Combination with DL sTTI: This relates to the scheduling and HARQ timing design. When the minimum processing time is determined, the timing design can be specified easily similar to 2-symbol and 1-slot sTTI design.
· Dynamic switch with other UL sTTI lengths: If this feature is supported, the switch scheme between 2-symbol and 1-slot sTTI can be naturally extended to 4-symbol UL sTTI in a straightforward way.
Therefore, it can be observed that there is little standardization efforts to specify 4-symbol sTTI based on 2-symbol and 1-slot sTTI designs. Considering the potential benefit on the trade-off between latency and coverage, we have following proposal.
Proposal 3: 4-symbol sPUCCH and sPUSCH are supported for shortened TTI.

4 Discussion on the combination of UL and DL sTTIs

In last meeting, it was agreed that for the combination of sTTI for DL and UL, RAN1 chooses one to be supported among the following alternatives.

· Alt 1. {2,2}, {7,7}

· Alt 2. {2,2}, {2,4}, {7,7}

· Alt 3. {2,2}, {2,7}, {7,7}

· Alt 4. {2,2}, {2,4}, {2,7}, {7,7}

As {2, 2} and {7, 7} are supported in all alternatives, we will discuss whether different TTI lengths for UL and DL are supported or not in this section. 
The coverage of sPDSCH transmission is similar with that of legacy TTI transmission, assuming that the TBS is linearly scaled with the TTI length. Therefore, 2-symbol sPDSCH is configured to reduce latency and improve user perceived throughput. Meanwhile, to guarantee enough UL coverage, sPUCCH with longer sTTI length may be required. Thus, it is reasonable to support the combination of sPUCCH TTI length larger than sPDSCH TTI length, which means one of Alt 2~4 should be supported. 
Considering potential benefits and little standardization efforts as analyzed in section 3, 4-symbol UL sTTI should be supported, hence Alt 4 is preferable to satisfy different uplink coverage. However, considering the limited standardization time, the specification of {2, 2} and {7, 7} can be prioritized than {2, 4} and {2, 7}.
Proposal 4: Alt 4. {2, 2}, {2, 4}, {2, 7}, {7, 7} is supported, and {2, 2} and {7, 7} can be prioritized to be specified.
5 Conclusion

In this paper, we have analyzed short TTI structures with following proposals:
Proposal 1: For 2-symbol based UL sTTI, down-select between Alt1 {2, 2, 3, 2, 2, 3} and Alt2 {3, 2, 2, 2, 2, 3} of option 1a.
Proposal 2: For 2-symbol UL sTTI, the candidate DMRS positions are down-selected between following options:

· Option 1: The first and fourth symbols of a slot;

· Option 2: The first symbol of each sTTI.
· Note it does not mean the DMRS is always within the scheduled sTTI.
Proposal 3: 4-symbol sPUCCH and sPUSCH are supported for shortened TTI.

Proposal 4: Alt 4. {2,2}, {2,4}, {2,7}, {7,7} is supported, and {2,2} and {7,7} can be prioritized to be specified.
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