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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 sPDCCH needs to be completed by RAN#76.
In last meeting, it was agreed that
· Short TTI is not configured with extended CP.

· Aspects to consider when downselecting between the 2OS DL sTTI in [2]:
· Orphan symbol sTTI

· Support of distributed resource block allocation together with sTTI operation

· Slot based sTTI operation together with 2 symbol sTTI operation

· CSI-IM

· Varying number of shortened TTI within a subframe

· PCFICH detection error

· HARQ timing

· Achievable minimum HARQ/scheduling timing with varying sTTI length

· UL sTTI structure

· Other aspects can also be considered

In this contribution, we will analyze and give our views on DL 2-symbol sTTI structures. 
2 Candidates of DL 2-symbol sTTI patterns
The options on fixed patterns and adaptive patterns have been summarized in [2], which will be described in this section.
2.1 Fixed DL 2-symbol sTTI patterns
Fixed pattern means that only one sTTI pattern is supported for DL 2-symbol sTTI, regardless of the number of PDCCH symbols. There are four options, as shown in Figure 1.
· Option 1-1: {3,2,2,2,2,3}
· Option 1-2: {2,2,3,2,2,3}
· Option 1-3: {2,2,2,2,2,2,2}
· Option 1-4: {3,2,2,3,2,2}
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Option 1-1                                                     Option 1-2
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Option 1-3                                                       Option 1-4

Figure 1 Options for fixed DL 2-symbol patterns
2.2 Adaptive DL 2-symbol sTTI patterns
Adaptive pattern means DL 2-symbol sTTI pattern is adaptive to PDCCH region length. There are two options as shown in Figure 2.
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Option 2-1                                          Option 2-2
Figure 2 Options for adaptive DL 2-symbol patterns
3 Discussion on DL 2-symbol sTTI structures

The aspects that have impacts on downlink sTTI structure are discussed in this section.
· Impact of orphan symbol sTTI

With fixed DL 2-symbol sTTI pattern, there may be only one symbol left for some sTTI with certain PDCCH region length. For example, with option 1-1, there is only one symbol in sTTI0 if legacy PDCCH region occupies 2 symbols. Since the legacy PDCCH can be used to carry sDCI, so extra sPDCCH overhead in orphan symbol can be avoided. Another issue is the DMRS placement on the orphan symbol sTTI. This can be solved by scheduling CRS based transmission on this symbol, DMRS sharing or appropriate DMRS design. In addition, since adaptive asynchronous DL HARQ is used, the coding rates of initial transmission and retransmissions can be matched between each other by adjusting the allocated bandwidth if they are on sTTIs with different lengths. Thus the existence of orphan symbol may not be a big disadvantage.
With adaptive DL 2-symbol sTTI pattern, 2 or 3 symbols are always available for sPDSCH transmission.
· Support of distributed resource block allocation together with sTTI operation
In LTE, two types of virtual resource blocks are defined: virtual resource blocks of localized type (LVRB) and virtual resource blocks of distributed type (DVRB). According to [1], a DVRB is mapped to different PRBs in two slots of a PRB pair. 
If there are 1ms TTI with DVRB allocation and 2-symbol sTTI simultaneously in a given subframe, 1ms TTI bands and sTTI bands may collide if sTTI spans over slot boundary. Therefore, option 1-3 and option 2-2 are not desirable.
· Slot based sTTI operation together with 2 symbol sTTI operation
It was agreed to support 2-symbol sTTI and 1-slot sTTI in DL. 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, option 1-3 and option 2-2 are not desirable.
· CSI-IM/CSI-RS
To perform CSI-RS based interference measurement and channel measurement accurately, it is beneficial that a CSI-IM/CSI-RS in 2 OFDM symbols is contained in a single sTTI. Based on current CSI-IM/CSI-RS pattern in FDD, for 2-symbol DL sTTI, the symbol pairs of symbol#5 and symbol#6, symbol#9 and symbol#10, and symbol#12 and symbol#13 should be in the same sTTIs, respectively. Therefore, option 1-3, option 1-4 and option 2-2 are not desirable for accurate CSI measurement. Although it is the fact that the CRS based interference measurement would anyway be affected since different CRS symbols may experience different sTTI transmission, it is still beneficial if CSI-IM measurement could be as accurate as possible.
· Varying number of shortened TTI within a subframe
For all the patterns in [2], the number of sTTIs within a subframe is fixed to either 6 or 7.
· PCFICH detection error
Since an sDCI can be carried on legacy PDCCH or sPDCCH, we will give our views for these two kinds of PDCCH separately. 
When sDCI is carried on legacy PDCCH, PCFICH detection error can lead to sDCI receiving failure, no matter DL 2-symbol sTTI pattern is fixed or variable.

When sDCI is carried on sPDCCH, PCFICH detection error can lead to sDCI receiving failure in one or two sTTIs. With fixed pattern, sPDCCH detection is independent of PCFICH detection in all sTTIs except for sTTI 0. With variable pattern, sPDCCH is independent of PCFICH detection in all sTTIs except for sTTI 0 and sTTI 1. In this case, PCFICH detection error has less negative impact on fixed pattern compared to variable pattern. 
However, since LTE networks is designed with a very robust PCFICH detection reliability, the PCFICH detection error should not be a serious problem for either fixed or adaptive shortened TTI.
· Achievable minimum HARQ/scheduling timing with varying sTTI length
For option 1-3, only 1-symbol sPDSCH and 2-symbol sPDSCH exist within a subframe, but for other options, 3-symbol sPDSCH is also included. Thus option 1-3 achieves the smallest minimum HARQ/scheduling timing, as 3-symbol sPDSCH needs larger processing time compared to 2-symbol sPDSCH. However, since the total processing time includes not only processing parts linear to TTI length such as turbo encoding and decoding, but also processing parts fixed to TTI length such as TA, the difference of processing time is expected to be neglectable.
· UL sTTI structure
Currently, UL 2-symbol sTTI structure has not been determined yet. To simplify standard efforts such as timing design, it is better that the number of sTTIs within a subframe is the same for UL and DL, i.e, 6. Thus option1-3 is not desirable.
In Table 1, a brief comparison is given according to the above discussion.
Table 1 Comparison of DL 2-symbol sTTI structure options
	
	Fixed sTTI patterns
	Adaptive sTTI patterns

	
	Option 1-1
	Option 1-2
	Option 1-3
	Option 1-4
	Option 2-1
	Option 2-2

	Orphan symbol sTTI
	Yes
(note: the existence of orphan symbol may not be a big disadvantage)
	No

	Restriction of multiplexing with 1ms TTI DVRB in one subframe
	Low
	Low
	High
	Low
	Low
	High

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

	CSI-IM/CSI-RS
	Accurate 
	Accurate
	Inaccurate
	Inaccurate
	Accurate 
	Inaccurate

	Impact of PCFICH detection error
	Lower
 (Impacts on sTTI-0)
	Low
(Impacts on sTTI-0 and sTTI-1)

	Minimum HARQ/scheduling timing
	Small
	Small
	Smaller
	Small
	Small
	Small


According to the above analysis, for 2-symbol based DL sTTI, the options 1-1 {3, 2, 2, 2, 2, 3}, 1-2 {2, 2, 3, 2, 2, 3} and 2-1 provide the good balance among different constraints. Therefore, we propose that the DL 2-symbol sTTI structure should be down-selected among these three options.
Proposal 1: For 2-symbol DL sTTI structure, down-select among option 1-1 {3, 2, 2, 2, 2, 3}, option 1-2 {2, 2, 3, 2, 2, 3} and option 2-1.
4 Handling of small system bandwidth
As discussed in the last meeting [3], when the system bandwidth is 6RBs (1.4MHz), sPDCCH overhead with CCE aggregation level 1/2/4/8 corresponds to 7%/14%/29%/57% of all REs in a 0.5ms sTTI, not to mention the 2-OS sTTI. It might not be cost effective to support the sTTI with the smallest system bandwidth.
Proposal 2: Short TTI is not supported for the system bandwidth smaller than 5MHz.
5 Conclusion

In this paper, we have analyzed DL 2-symbol sTTI structures with following proposals:
Proposal 1: For 2-symbol based DL sTTI, down-select between option 1-1 {3, 2, 2, 2, 2, 3}, option 1-2 {2, 2, 3, 2, 2, 3} and option 2-1.
Proposal 2: Short TTI is not supported for the system bandwidth smaller than 5MHz. 
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