3GPP TSG RAN WG1 Meeting #84                                                                                    R1-161018
St Julian’s, Malta, 15th - 19th February 2016
Agenda Item:
7.3.4.3
Source:
Lenovo
Title:
Considerations on TTI shortening for UL
Document for:
Discussion and decision
1 Introduction 
In RAN#67, the study item on “Study on Latency reduction techniques for LTE” was approved [1] . The following areas are to be studied in RAN1.
· 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 contribution, we discuss several aspects of TTI shortening for UL with different TTI lengths.
2 PUSCH
For 0.5ms s-TTI, since legacy UL DMRS exists in every slot, the s-PUSCH can reuse it for demodulation with no impact to the specification. However, it is noted that there is no orthogonal cover codes for DMRS. Therefore, support of spatial multiplexing needs to purely reply on cyclic shifts of a DMRS. Having two DMRS SC-FDMA symbols per 0.5ms creates ~30% of UL RS overhead, and therefore it is not preferred. 
For 3(4) SC-FDMA symbol s-TTI, Fig 1 shows an example to reuse the legacy DMRS for s-PUSCH demodulation. Two s-TTIs in the same slot share the DMRS in the slot, and the DMRS of the two s-TTIs can be distinguished by using different cyclic shifts like UL MIMO. The merit of such a design is that the overall DMRS overhead is kept the same as in legacy PUSCH, and the specification impact is kept minimal. It is noted that however the design as shown in Fig 1 has some limitation on the support UL MIMO, especially UL MIMO with a higher number of spatial layers. This is due to the reason that different cyclic shifts need to be used for the neighboring s-TTIs. 
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Fig 1: A schematic diagram of 3/4-SC-FDMA symbol TTI
For 1 SC-FDMA symbol s-TTI, it is difficult to maintain the single carrier property. Therefore the 1 SC-FDMA symbol s-TTI for s-PUSCH transmission is not preferred. 
It shall be noted that the timing between the legacy PDCCH containing UL grant and the legacy PUSCH transmission constitute a significant portion of the UL transmission delay. In other words, for legacy LTE FDD, an UL in subframe n triggers a PUSCH transmission in subframe n+4, while the transmission of the PUSCH itself is only 1ms. To reduce the PUSCH transmission latency, it deserves some study to reduce the timing between the s-PDCCH containing the UL grant and the s-PUSCH transmission. 
3 PUCCH
For 0.5ms s-TTI, the legacy PUCCH structure per slot can be reused for s-PUCCH. It is therefore also possible to multiplex the s-PUCCH with legacy PUCCH in the same PRB. However, frequency diversity gain is lost since there is no slot based hopping for the 0.5ms s-TTI. 
For the 3(4) SC-FDMA symbol s-TTI, its s-PUCCH needs a new design. The s-PUCCH in 3(4) SC-FDMA symbol s-TTI cannot be multiplexed with legacy PUCCH in a PRB, which increases the UL control overhead. Furthermore, the s-PUCCH in the 3 SC-FDMA symbol s-TTI may have a different multiplexing capacity and coverage, compared to the s-PUCCH in the 4 SC-FDMA symbol s-TTI. Therefore, the s-PUCCH coverage is essentially limited by the 3 SC-FDMA symbol s-TTI, which can be significantly smaller than the legacy PUCCH.
For 1 SC-FDMA symbol s-TTI, if single carrier property is maintained, its corresponding s-PUCCH can carry information bits by transmitting a DMRS with different cyclic shifts. Such a s-PUCCH design can only carry a small number of information bits, e.g. 1or 2 bits of HARQ-ACK or SR. It is almost not possible to carry the CSI feedback on the s-PUCCH of 1 SC-FDMA symbol s-TTI. The coverage of the 1 symbol s-PUCCH is reduced drastically compared with legacy PUCCH.
It is also worthwhile to consider reducing the processing latency between the PDSCH reception and HARQ-ACK feedback. With s-TTI configured for the DL, the maximum TBS transmitted in a s-TTI is smaller than the legacy LTE system. Therefore, there is room to reduce the processing latency. However, it shall be noted that the assuming a PDSCH BLER of 10%, the HARQ-ACK feedback does not contribute significantly to the average DL transmission latency.  
In order to allow as many UEs in the system as possible to benefit from shortened TTI, it is beneficial to keep the coverage of the UL control channel as close to that of the legacy LTE system. One possibility is to consider reusing the legacy PUCCH for a UE configured with shortened TTI. In other words, a UE may receive DL control and data using shortened TTI, and transmit UL control using legacy 1ms TTI.   
4 Conclusions
In this contribution, we discuss several aspects of TTI shortening for UL operations for different TTI lengths. The following observations are made:
Observation 1: To support s-PUSCH with 0.5ms s-TTI requires minimal specification change. 
Observation 2: It is difficult to support s-PUSCCH with 1 symbol s-TTI, while keeping the single carrier property.
Observation 3: The coverage of s-PUCCH with s-TTI cannot match that of the legacy PUCCH, which limits the applicable scenarios for shortened TTI.
References

[1] RP-150465, “Study on Latency reduction techniques for LTE,” RAN#67, Mar. 2015.
PUSCH of s-TTI





UL DMRS





the 1st s-TTI





the 2nd s-TTI





the 3rd s-TTI





the 4th s-TTI








