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1 Introduction

In RAN2 meeting #91bis, one LS [1] and one TR [2] about “Study on Latency reduction techniques for LTE” are agreed and sent to RAN1. Based on the evaluation in RAN2, the potential gains for TTI shortening in terms of increased download throughput and reduction of download time for reduced latency in LTE has been performed and evaluated. From RAN1 perspective, additional L1 overhead e.g. RS, DCI, UCI, which will to some extent limit the user throughput gain from TTI length reduction should be considered. This contribution mainly discusses the DL RS and UL RS design for short TTI transmission.
2 DL RS for short TTI 
With the introduction of TTI length reduction, a UE supporting short TTI transmission should also support 1ms TTI transmission considering backward compatibility that a new UE may operate in a legacy network. Thus the procedure of initial cell search and time/frequency synchronization of a short TTI UE could be the same as a legacy UE, current PSS, SSS and CRS (at least port 0) should be maintained.

For DL transmission, both CRS and DMRS based TMs are supported in legacy LTE. The possible impacts of supporting CRS and DMRS based TMs for short TTI from RS perspective are addressed here.
2.1 CRS based transmission mode 
From a network point of view, it should support both short TTI transmission and 1ms TTI transmission considering there may be legacy UEs which do not have the ability of TTI shortening. So CRS based TMs should be supported at least for 1ms TTI transmission when legacy UEs are coexisting with short TTI UEs. 

Since CRS is shared by all the served UEs in a network and frequency division multiplexing for legacy UE and short TTI UE coexistence is highly possible due to maximizing the latency reduction gain of TTI shortening, CRS based TMs which rely on CRS for demodulation and CSI measurement should certainly be supported by short TTI. 

Note that for TTI shortening, the TTI length could be reduced to 1 OS (OFDM symbol), 2 OS, 3 OS, 4 OS, 7 OS, or other possible length between 1 OS and 0.5 ms. For each kind of short TTI length scheduling, the UE may use the previous CRS across TTI for PDSCH demodulation to reduce the latency. However, the distance between scheduled TTI and the closest CRS symbols will impact channel estimation due to the external interpolation, which may lead to the performance loss of higher speed or higher modulation order scenarios. The impact of channel estimation of 1 OS, 2 OS and 0.5 ms compared to 1ms TTI are evaluated with the simulation assumption listed in Table 1 in Appendix and the results shown in Figure 1. In the evaluation, the most recent four CRS symbols are used for channel estimation for each case.
From the simulation results in Figure 1, it is observed that: 
· The channel estimation performance will be worse as the TTI length is shorter.

· The performance loss of 1 OS, 2 OS, and 0.5 ms TTI compared to 1 ms TTI are 1 dB, 0.6 dB, and 0.2 dB respectively considering 64QAM and ETU 60kmph case at 10% BLER. 

For TTI shortening study, the gain of reduced latency and fast feedback will benefit high speed UEs, so high-speed scenario may be an important scenario. Considering the performance loss of very short TTI transmission, it seems necessary to increase CRS REs if 1 or 2 OS TTI is supported to help improve the performance of channel estimation thus improve the throughput.
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Figure 1: Link performance of TTI shortening
Observation 1: It is necessary to increase CRS REs to help improve channel estimation performance for high speed or high modulation order scenarios if 1 or 2 OS TTI is supported.
To improve UE throughput, multiple-layer transmission shall also be supported in addition to single-layer transmission for short TTI, so TM1, TM2 and TM6 for single layer transmission, TM3 and TM4 for spatial multiplexing with maximum 4 layers should be supported. For TM5, it is hard to achieve multi-user performance gain due to the scheduling limits of power sharing between multiple users, paired precoders selection, equal resource allocation, etc. Whether TM5 should be supported in short TTI needs further study.
Proposal 1: TM1, TM2 and TM6 for single layer transmission, TM3 and TM4 for spatial multiplexing with maximum 4 layers should be supported for short TTI transmission.
2.2 DMRS based transmission mode 
For DMRS based TMs, there is no PMI/RI signalling involved and it facilitates the eNB perform beamforming with self-choosing precoding matrix. In addition, DMRS based multi-user multiplexing is transparent to UEs. So DMRS based TMs could be considered by short TTI.
One issue of DMRS based TMs for short TTI is the overhead since normally each scheduled TTI should be associated with a DMRS. In legacy 1ms TTI, the DMRS overhead is 24 REs per PRB pair and it supports maximum 8 layers. If the TTI length is shortened to 0.5 ms, the legacy DMRS pattern can be reused and the overhead can be kept the same, e.g., the overhead is 12 REs per slot but the maximum supporting layer is reduced to 4. More DMRS overhead or new DMRS pattern is needed if it requires supporting 8 layers on 0.5 ms TTI too. If the TTI length is shortened to 3 OS or 4 OS, new DMRS pattern for each scheduled TTI should be designed and the overhead will be heavier if more layers are to be supported. This overhead issue will be more serious when the TTI length is further shortened to 1 OS or 2 OS. When designing the new DMRS pattern for short TTI, the overhead should be reduced as much as possible. Therefore, how many layers should be supported also needs further study if DMRS based TMs are supported for short TTI. The overhead issue will be relieved if not each short TTI is associated with a DMRS, e.g., one UE which is scheduled with multiple continuous short TTIs may share one DMRS. On the other hand, receiving DMRS first is helpful to quickly estimate channel information, which is beneficial to reduce the processing delay. Put DMRS at the beginning of short TTI scheduling could be considered if new DMRS pattern is agreed to be introduced.
Observation 2: DL DMRS overhead is heavy for short TTI transmission, especially for 2 OS or 1 OS cases. 
Another issue of DMRS based TMs for short TTI is CSI measurement. To obtain fast feedback gain in high speed scenarios, it requires fast CSI measurement and report. One possibility is reusing current CSI-RS configuration while shortening the period of CSI-RS transmission to a smaller value, e.g., 1 ms, which will introduce extra CSI-RS overhead. Another possibility is reusing CRS for CSI measurement and feedback. 
Proposal 2: If DMRS based TMs on DL short TTI are supported, the maximum multiplexing layers and the support of fast CSI feedback should be studied.  
3 UL RS for short TTI 
Different from downlink, the uplink transmission only supports DMRS based TMs. Uplink DMRS and data are not coexistent in the same time domain to ensure uplink single carrier property. If this principle keeps, at least one OFDM symbol should be used for DMRS transmission for each scheduled short TTI. Assume the UL TTI length is shortened to 0.5 ms, legacy DMRS pattern that one DMRS symbol in the middle of each slot can be reused and the overhead can be kept the same. If one UL subframe is split into four short TTI with length of {4 OS, 3 OS, 4 OS, 3 OS}, the overhead could also be kept the same since one DMRS symbol in the middle of one slot can be shared by its two neighbor short TTIs [3]. If the TTI length is shortened to 2 OS, then 50% overhead for DMRS should be considered and it is hard to maintain single carrier property if the short TTI length is 1 OS.  

Observation 3: UL DMRS overhead of short PUSCH TTI can be kept the same to legacy 1 ms TTI if the TTI length is shortened to 0.5 ms or {4 OS, 3 OS, 4 OS, 3 OS}.  

However, if one OFDM symbol for DMRS transmission for each scheduled short TTI is assumed, it is hard for eNB to estimate frequency offset since it needs at least two paired DMRSs with a certain time distance. If two OFDM symbols for DMRS transmission for each scheduled short TTI are assumed, the overhead is unacceptable. If there is no frequency offset estimation or historical frequency offset is used, the residual frequency error will reduce the demodulation performance of channels. This issue may not be very serious for PUCCH since QSPK modulation is used on PUCCH which is not sensitive to frequency error. But when UE is under high speed or high modulation order scenario, e.g., UE speed is 60 kmph and 16QAM or even 64QAM is used for PUSCH, the performance loss will be expected due to the miss of fine frequency offset compensation. Therefore, at least for high speed or high modulation order case, frequency offset estimation on short TTI shall be considered. 
Proposal 3: The issue of UL frequency offset estimation should be considered at least for high speed or high modulation order scenarios.  

In legacy UL transmission, DMRS symbols on PUCCH could be used to support multi-user multiplexing on the same PUCCH resource to improve resources utilization efficiency. For TTI shortening, new PUCCH with reduced symbols should be designed and how to multiplex more users on the same PUCCH resource to reduce the overhead should be considered since more than one UEs are possible to be scheduled in one short TTI. One possible design can be found in our companion contribution [4]. 
Proposal 4: UL DMRS for short PUCCH TTI should be designed to support multi-user multiplexing.
SRS is used by eNB for UL CSI measurement to support link adaptation transmission. When TTI length is shortened, increased SRS transmission opportunity may bring fast feedback gain in high speed case but the increased SRS overhead will impact on cell throughput at the same time. So the overhead of SRS transmission should be considered for TTI shortening.
Proposal 5: The overhead of SRS transmission should be considered for TTI shortening if SRS transmission per TTI is supported.

4 Conclusion
In this contribution, the DL RS and UL RS for short TTI transmission are discussed and the following observations are made:

Observation 1: It is necessary to increase CRS REs to help improve channel estimation performance for high speed or high modulation order scenarios if 1 OS TTI is supported.
Observation 2: DL DMRS overhead is heavy for short TTI transmission, especially for 2 OS or 1 OS cases.

Observation 3: UL DMRS overhead of short PUSCH TTI can be kept the same to legacy 1 ms TTI if the TTI length is shortened to 0.5 ms or {4 OS, 3 OS, 4 OS, 3 OS}.

The following proposals are made:
Proposal 1: TM1, TM2 and TM6 for single layer transmission, TM3 and TM4 for spatial multiplexing with maximum 4 layers should be supported for short TTI transmission. 
Proposal 2: If DMRS based TMs on DL short TTI are supported, the maximum multiplexing layers and the support of fast CSI feedback should be studied.

Proposal 3: The issue of UL frequency offset estimation should be considered at least for high speed or high modulation order scenarios. 

Proposal 4: UL DMRS for short PUCCH TTI should be designed to support multi-user multiplexing.

Proposal 5: The overhead of SRS transmission should be considered for TTI shortening if SRS transmission per TTI is supported.
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Appendix
Table 1: Simulation assumptions of TTI shortening evaluation

	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Channel model 
	ETU

	UE speed
	60kmph

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered

	Cyclic prefix
	Normal

	Transmission mode
	TM1

	MIMO configuration
	1x2

	Link adaptation
	No

	Modulation order
	6

	Code rate
	3/5

	Maximum number of transmission
	4

	RV index
	[0 1 2 3]

	HARQ feedback
	ideal

	Channel estimation
	real

	TTI length
	1ms, 0.5ms, 2OS, 1OS








