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1   Introduction
TTI shortening has been identified as one of the areas of study as part of the latency reduction SI and RAN1 has been tasked to study the following
· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling 

· backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier).
In this document, we discuss high level design options for DL TTI shortening. In [1], we provide initial DL system performance evaluations with shortened TTI.
2   Discussion

2.1 Configuration of TTI Shortening 
We expect shortened TTI (sTTI) reception to be supported for only RRC_CONNECTED UEs and enabled via higher layer signalling. sTTI reception can be based on the following high level design attributes

· TTI size

· In addition to receiving regular 1ms TTI transmissions, UEs can be configured to receive up to 2 additional sTTI lengths. 
· One of the additional TTI lengths can be 0.5ms TTI. 
· The other TTI length can be a smaller value such as 1 or 2 OFDM symbols. 
· Reference symbol provisioning

· For 0.5ms TTI, PDSCH reception can be based on both CRS and DMRS-like pilots. 
· For the 1 (or 2) OFDM symbol TTI, at least CRS based PDSCH reception should be supported and feasibility of DMRS-like pilot based reception should be studied further considering overhead and channel estimation accuracy.
· Control signalling

· For 0.5ms TTI, both PDCCH and EPDCCH-like control signalling can be supported. 
· For the 1 (or 2) OFDM symbol TTI, since payload sizes will be small, options for reducing control signalling overhead should be studied further.
2.2 Multiplexing Legacy TTI and sTTI 
As indicated by the SID, it should be possible to support sTTI and legacy TTI on the same carrier. While using FDM (i.e., using different RB-pairs) is the most straightforward approach for multiplexing sTTI and legacy TTI transmissions, FDM can lead to inefficient resource usage and/or increased latency at least for the 1 (or 2) OFDM symbol TTI length. Figure 2 shows an example. 
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Option  1  (FDM)

Option  2  (Puncturing)


Figure 1 -  Options for multiplexing legacy TTI and sTTI transmissions
As shown in the figure, the expectation for scheduling a payload with tight latency constraints (low latency data) is that data arriving during a particular subframe should be transmitted with minimal delay usually in the same subframe. However, legacy TTI based transmissions for a particular subframe are typically prepared in advance (e.g. a few subframes before as described in [2]). Given this, dynamic sharing of RBs for legacy vs. sTTI transmission is typically not possible. One option (Option 1) is to semi-statically set aside a certain number of RBs for sTTI transmission. However, setting aside too many RBs would negatively impact system efficiency and the efficiency of legacy TTI transmissions. On the other hand, setting aside too few RBs increases latency since the LL data payload would spill over into multiple sTTIs. Therefore, semi-static partitioning of sTTI resources may not be a suitable option, unless both transmission pattern and transmission activity of LL data transmissions is known in advance. Another option (Option 2) is to let legacy TTI and sTTI transmissions occur in the same subframe without any RB level partitioning. This option provides full flexibility for sTTI transmission in each subframe. However, if the subframe contains legacy TTI transmission, LL data has to be transmitted by puncturing legacy TTI transmission (if/when possible, superposition may be used instead of puncturing). The effect of puncturing depends on the frequency of LL data transmissions and can be compensated by using a slightly more conservative MCS up-front or by using HARQ retransmissions whenever needed. If the average transmission activity for LL data is suitably low, Option 2 can potentially be better than Option 1 for both legacy TTI and sTTI transmissions. Both approaches should be studied further.
3 Conclusions

In this document, we discuss our initial views on shortened TTI (sTTI) transmission for downlink. Our views are summarised below.
· In addition to receiving regular 1ms TTI transmissions, UEs can be configured to receive up to 2 additional sTTI lengths. 

· One of the additional TTI lengths can be 0.5ms TTI. 

· The other additional TTI length can be a smaller value such as 1 or 2 OFDM symbols. 

· For 0.5ms TTI
· PDSCH reception can be based on both CRS and DMRS-like pilots. Both PDCCH and EPDCCH-like control signalling can be supported 
· For 1(or 2) symbol TTI
· CRS based PDSCH reception can be supported. Feasibility of DMRS-like pilot based PDSCH reception is FFS. Options for reducing control signalling overhead should be studied further
· For multiplexing legacy TTI and sTTI transmissions, both FDM and puncturing based approaches should be studied further.
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