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1 Introduction

In RAN1 #88 meeting, the 2-symbol sPUSCH design was discussed, the following conclusion was made [1]:

· If sPUSCH is transmitted, the number of available symbols for data transmission within a sTTI having 3 symbols is

· 2 or 3 for the sTTI of the 1st slot

· 2: 2 data symbols + 1 DM-RS

· 3: 3 data symbols

· 1 or 2 or 3 for the sTTI of the 2nd slot

· 1: 1 data symbol + 1 DM-RS + 1 SRS symbol

· 2: 2 data symbols + 1 SRS symbol or 2 data symbols + 1 DM-RS symbol

· 3: 3 data symbols
· IFDMA DMRS is supported for 2-symbol based sPUSCH 

·  Support RPF=2

· FFS RPF=4

·  Support UL DMRS EPRE power boosting to maintain same transmit power for both DMRS symbol and data symbol

· No new UL DMRS sequence generation compared to PUSCH in Rel-14 (including new sequence length from eFD-MIMO) 
In this contribution, we discuss IFDMA DMRS sharing design for sPUSCH.
2 Discussion
2.1 IFDMA DMRS for 2/3-symbol sPUSCH
DMRS sharing among multiple sTTI reduces the UL overhead for sTTI operation. However, in sTTI DMRS sharing the UL MU-MIMO capability is reduced due to less orthogonal DMRS can be used for different MU users. To compensate, the RPF=4 should be studied. In order to study the feasibility of RPF=4, we made link level simulations for different RPF, MCS, speed, channel properties, etc. The main evaluation parameters are given in Annex. The simulation focuses on two cases as shown in figure 1.
Case 1: The shared DMRS is located in the first symbol within a 3-symbol sTTI.
Case 2: The Shared DMRS is located in the first symbol within a 2-symbol sTTI.
RPF=2 with 3dB DMRS EPRE boosting and PRF=4 with 6dB DMRS EPRE boosting are evaluated for both two cases. Figure 2 and figure 3 are the simulation results for case 1 and case 2 respectively. It can be seen from the results that PRF=4 has slightly worse BLER performance as RPF=2 in case of low UE speed while has big loss in high speed scenario. Considering the slight difference performance, RPF=4 can be considered to better support the MU-MIMO in sTTI operation in low UE speed scenarios. 
Proposal 1: UL DMRS RPF=4 should be supported for 2-symbol sTTI.
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Figure 1: simulated UL sTTI format
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Figure 3: simulation results for case 1, (left: EPA,3km, right:EVA,60km)
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Figure 4: simulation results for case 2, (left: EPA,3km, right:EVA,60km)
2.2 Indication for IFDMA DMRS configuration
As discussed above, RPF could be 2 or 4. It is necessary to indicate the IFDMA configuration, DCI indication or RRC configuration for UE could be considered. The indication signal contains information of RPF and comb index. The comb index denotes the associated DMRS’s start index of subcarrier. For RPF=2, the comb interval is 2, i.e., comb number ‘0’ means comb DMRS located in even subcarriers of the corresponding scheduled transmission bandwidth and comb number ‘1’ means comb DMRS located in the odd subcarriers of the corresponding scheduled transmission bandwidth. For RPF=4, the comb number need 2bit information field, the comb interval is 4, i.e., comb number ‘0’ denotes the DMRS is in the first subcarrier for every four-subcarriers of the corresponding scheduled transmission bandwidth.
Proposal 2: RPF and comb index should be indicated for IFDMA configuration.
2.3 Power boosting
The DMRS EPRE boosting should be used to keep the same output power between DMRS and data symbols. The power boosting is depend on the used RPF, i.e., 3dB with RPF=2 and 6dB with RPF=4. If the same UE is scheduled for multiple contiguous sTTIs and share the same DMRS symbol, to keep the single carrier property, only one DMRS transmission should be valid. In this case, the schedule UL sTTI bandwidth should also be the same. If the eNB schedule the same UE to transmit multiple contiguous sTTIs with different RB allocation/precoder, then each scheduled sTTIs should self-contain DMRS.

Proposal 3: If a UE is scheduled to transmit multiple contiguous sTTIs to share one DMRS symbol, the allocated bandwidth should be the same across sTTIs and the DMRS is transmitted only once.
3 Conclusion

In this contribution, sPUSCH DMRS design for LTE short TTI are discussed, we have the following proposals:
Proposal 1: UL DMRS RPF=4 should be supported for 2-symbol sTTI.
Proposal 2: RPF and comb index should be indicated for IFDMA configuration.
Proposal 3: If a UE is scheduled to transmit multiple contiguous sTTIs to share one DMRS symbol, the allocated bandwidth should be the same across sTTIs and the DMRS is transmitted only once.
4 References
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5 Annex

	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	5MHz

	TTI length
	2/3symbol symbols

	Allocated bandwidth
	25 PRBs

	Channel model 
	EPA, EVA 

	UE speed
	3km/h, 60km/h

	Antenna configuration
	1Tx(UE), 2Rx(eNB)

	CP length
	Normal

	Transmission mode
	TM1

	DMRS configuration
	Detailed DMRS pattern provided by companies

	Receiver type
	MMSE; other UE receiver provided by companies

	Channel estimation
	Practical

	Link adaptation
	Disabled

	Modulation and code rate
	64QAM 5/6, 16QAM 3/4, QPSK 1/3

	TBS determination
	Scale TBS size with TTI length

	HARQ retransmission
	Disabled (mandatory)

	Performance metrics
	BLER,
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