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1 Introduction
In RAN1 #86bis meeting, the following agreements on DL sTTI configuration and DL/UL sTTI combination are approved [1]:
Agreement: 

· The DL sTTI length of a UE is configured by RRC signaling. 

· FFS on whether different DL sTTI lengths for a given UE can be configured for different serving cells 
Agreement: 

· 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} 

For 2-symbol DL/UL TTI structure, RAN1 will further down-select all possible partition options shown in [1].  
In this contribution, we will present our views on 2-symbol sTTI partition, DL/UL sTTI combination and UL sTTI configuration. 
2 Discussion on 2-symbol sTTI structure  
Until now RAN1 still has no consensus on “2-symbol” sTTI definition and corresponding DL/UL sTTI structures.  However, before determining control channel format, RS pattern, timing relationship, etc., DL/UL sTTI partition in a subframe should be defined first.  In this section, we will discuss and give our views on 2-symbol DL/UL partition. 
2.1 2-symbol DL sTTI structure   Option1: {2-2-2-2-2-2-2}
In [1], 2-symbol sTTI partition without sTTI spanning over slot boundary is discussed.  However, it will introduce a “3-symbol” or even “4-symbol” sTTI, which may lead to a non-uniform design among different sTTI in one subframe. For example, RS design may be different for a “2-symbol” sTTI and “3-symbol” sTTI. Moreover, the available REs number among different sTTI is different and the gap is larger than the uniform design. This will result in different sTTI having different processing time, which may then cause different timing. 

To avoid introducing different sTTI lengths in a subframe for 2-symbol sTTI partition, a uniform sTTI design shown in Figure 1 should be considered. 
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Figure 1 2-symbol sTTI partition for DL - Option1
Option2: {2-2-3-2-2-3}

On the other hand, there are also benefits that no sTTI spans over slot boundary. For instance, 2-symbol sTTI can multiplex with 7-symbol sTTI in a same subband, which makes the scheduling more flexible. If the fixed pattern without sTTI spanning over slot boundary is introduced, {2-2-3-2-2-3} pattern shown in Figure 2 would be a better alternative. Because CRS will be always placed on the beginning 1 or 2 symbols in each sTTI, making channel estimation begin as soon as possible. 
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Figure 2 2-symbol sTTI partition for DL – Option2
Proposal 1: The pattern of 2-symbol DL sTTI is down-selected from {2-2-2-2-2-2-2} and {2-2-3-2-2-3}. 

2.2 2-symbol UL sTTI structure   Option1: {2-2-2-2-2-2-2} 
Similar to DL sTTI partition, to mitigate the difference among different sTTI in one subframe, a uniform sTTI design shown in Figure 3 can be considered. Given that SRS may transmit on the last symbol of one subframe, the DMRS position of sPUSCH in sTTI#6 can be transmitted in the previous sTTI and indicated by UL grant. In case sPUCCH and SRS are transmitted simultaneously in sTTI#6, shortened sPUCCH can be used if sequence-based sPUCCH is introduced, or DMRS position can be transmitted in the previous sTTI if DMRS-based sPUCCH is adopted.  
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Figure 3 2-symbol sTTI partition for UL - Option1

Option2: {2-2-3-2-2-3}

Corresponding to Option2 for DL, the same structure can be applied for UL. As shown in Figure 4, SRS is transmitted on the last symbol. It may be easier to multiplex SRS with sPUSCH/sPUCCH in sTTI#5, but we need further design a new sPUCCH/sPUSCH for 3-symbol sTTI. In addition, 3-symbol sPUSCH in sTTI#2 or sTTI#5 has a larger processing time compared to the other sTTI, which should be considered when determine UL grant- to-sPUSCH timing.   
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Figure 4 2-symbol sTTI partition for UL – Option2

Proposal 2: For 2-symbol UL sTTI, pattern {2-2-2-2-2-2-2} and {2-2-3-2-2-3} can be considered. 
3 Discussion on DL/UL sTTI combination

As agreed in RAN1 #86, the UL TTI length is better to be no shorter than the DL TTI length. This leaves the possible combinations in Table 1. To meet different coverage and latency requirements, all combinations listed should be supported in this WI.  

Table 1 Recommended combinations on DL/UL sTTI lengths 

	Combination configurations
	Supported duplex mode
	TTI length for DL (symbol) 
	TTI length for UL (symbol)

	0
	FDD
	2
	2

	1
	FDD, TDD
	7
	7

	2
	FDD
	2
	4

	3
	FDD
	2
	7


Proposal 3: All combinations on DL/UL sTTI lengths in Table 1 should be supported. 
However, it’s better not to mix sTTI operation with 1ms TTI operation together, no matter 1ms TTI operation is under shortened processing time or not. Therefore there is no necessity to support combinations {2, 14} and {7, 14}.  
Proposal 4: There is no necessity to support combinations {2, 14} and {7, 14}. 
4 Discussion on UL sTTI configuration
It has been agreed that DL sTTI length of a UE is configured by RRC signaling. However, whether UL sTTI length of a UE is indicated by RRC signalling or sDCI is still undetermined. 
If UL sTTI length is dynamically indicated by sDCI, this would increase complexity of timing relations and processing. Semi-static change is enough and suitable for a UE with one type of UL sTTI length for a period of time. Of course, dynamically indicate by sDCI could also achieve the same result, however, with more overhead. 
Proposal 5: UL sTTI length of a UE is indicated by RRC signalling. 
5 Conclusion

According to the analysis given above, we have the following proposals:
Proposal 1: The pattern of 2-symbol DL sTTI is down-selected from {2-2-2-2-2-2-2} and {2-2-3-2-2-3}. 

Proposal 2: For 2-symbol UL sTTI, pattern {2-2-2-2-2-2-2} and {2-2-3-2-2-3} can be considered. 
Proposal 3: All combinations on DL/UL sTTI lengths in Table 1 should be supported.  
Proposal 4: There is no necessity to support combinations {2, 14} and {7, 14}. 
Proposal 5: UL sTTI length of a UE is indicated by RRC signalling. 
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