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1 Introduction

As discussed in RAN1#85 meeting, the following agreements were reached [1]: 
Agreement:

· For DM-RS of sPUSCH, the followings are recommended to be supported: 

· For the case of 1-slot TTI length, reuse the current DM-RS 

· For the case of less than 1-slot TTI length, support DM-RS sharing/multiplexing of consecutive TTIs from one or multiple UEs 

· At least 2 contiguous TTIs can be shared/multiplexed. FFS on sharing /multiplexing of more than 2 contiguous TTIs

· FFS on how to share/multiplex DM-RS (e.g., CDM, FDM, different BW between RS & data, and hybrid thereof) 

· FFS the DMRS position and whether it is indicated by eNB
In RAN1 #86 meeting, the following were reached based on [2]:

· At least for 2-symbol based sTTI, UL DMRS position for sPUSCH is indicated by eNB 

· FFS how to indicate UL DMRS position 

· FFS whether or not to support fixed UL DMRS position
In this contribution, we discuss DMRS design for sPUSCH.
2 Discussion
As recommended in the study item, DM-RS sharing/multiplexing of consecutive TTIs from one or multiple UEs should be supported for the case of less than 1-slot TTI length. In the next sections, we focus on the discussion and evaluation on the DMRS sharing/multiplexing methods for consecutive sTTIs. In addition, the consideration of UL DMRS position indication is given.
2.1 DMRS sharing/multiplexing methods
As discussed in our contribution [3], several options can be considered as DMRS sharing/multiplexing methods for consecutive sTTIs. In general, the methods can be categorized as CDM or FDM multiplexing. 
· CDM multiplexing of DMRS for consecutive sTTIs
In the CDM multiplexing case, the legacy DMRS sequence design and RE mapping is reused. The multiple sTTIs uses different cyclic shifts for orthogonality. In a baseline CDM case, the RB allocation for the multiplexed sTTIs should be the same, which impose a significant scheduling restriction. In order to alleviate the scheduling restriction, the following options can be considered. 
· Option 1: DMRS of each short-TTI uses a common transmission bandwidth to maintain the orthogonality by using different cyclic shifts. The common DMRS transmission bandwidth can be the whole or part of the UL bandwidth, as shown in figure 1. In this option, for a single UL sTTI transmission, the DMRS and sPUSCH may have different transmission bandwidth. 
· Option 2: DMRS sequence is generated according to a predefined frequency bandwidth granularity, called as DMRS frequency units. The DMRS orthogonality between consecutive sTTIs are maintained in each DMRS frequency units. In case of wider band sPUSCH transmission, the DMRS is transmitted with multiple frequency units, and the total DMRS transmission bandwidth is the same as the sPUSCH. The example of option 2 is shown in figure 2.
· Option 3: DMRS of each short-TTI uses the predefined one or more subbands of the system bandwidth where the scheduled transmission bandwidth falls into, shown in figure 3. Similar as option 1, this option may also result in a larger transmission bandwidth for DMRS than the sPUSCH. 
· FDM multiplexing of DMRS for consecutive sTTIs
· Option 4: In this option, comb-like DMRS transmission is used for multiplexing, where DMRS are transmitted with interlaced n subcarriers. The interlaced interval n is dependent on the number of sTTIs to be multiplexed. To fully utilize the UE transmission power and improve the performance, DMRS power boosting can be considered. 
As a comparison of the above mentioned DMRS multiplexing methods, following observations can be made. Options 1 and 3 will require a larger transmission bandwidth for DMRS than the scheduled bandwidth for sPUSCH and reduce the PSD of DMRS resulting in poor accuracy of channel estimation. Options 2 and 4 both can use the scheduled transmission bandwidth for DMRS transmission which will not reduce the PSD of DMRS. Option 4 can provide the best scheduling flexibility and a flexible multiplexing capacity. 
Observation 1: Either option 2 or 3 or 4 can be considered as potential DMRS multiplexing methods for consective 2os sTTIs.
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(a)                                                      (b)                                                    (c)
Figure 1: CDM based DMRS multiplexing - Option 1
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Figure 2: CDM based DMRS                      Figure 3: CDM based DMRS                    Figure 4: FDM based DMRS

 multiplexing- Option 2                                   multiplexing-option 3                                 multiplexing- option 4
2.2 Evaluation results of sharing/multiplexing DMRS with CDM and FDM
In this section, we provide link level simulation results for the DMRS multiplexing methods. Besides the sharing/multiplexing methods, the performance impact due to distance between the sTTI and its DMRS symbol is also a focus in the evaluation. The simulation results could guide the design of UL sTTI partition and DMRS location as discussed in [4].
The assumptions of different UL sTTI definitions and DMRS locations are proposed as the following:

· Case1: As shown in figure 5, DMRS is located in the 1st symbol of a UL slot, and 3 consecutive sTTIs within the slot share the DMRS.

· Case2: As shown in figure 6, DMRS is located in the legacy symbol position, in this case, the first four sTTIs may need to share the first DMRS symbol. 
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Figure 5: Each DMRS symbols is shared by three sTTIs 
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Figure 6: DMRS symbols are shared by four sTTIs 

For each DMRS symbol location, CDM or FDM DMRS multiplexing methods are further evaluated. 
In the simulation, channel model EPA and EVA with different modulation order are tested, i.e. QPSK/16QAM/64QAM. The simulated sTTI length is 2 OS and all the UEs are scheduled in the same 5MHz channel bandwidth. The other parameters are shown in the annex. When power boosting is used in the FDM case, the power boosting level is determined based on the number of TTIs that share the same DMRS symbol. DMRS EPRE is boosted by 4.77dB and 6dB compared to the sPUSCH EPRE when 3 TTIs and 4 TTIs are shared respectively. The simulation results are presented in the following figures. 

1. Evaluation results for Case1
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Figure 7:BLER performance of different DMRS multiplexing methods for QPSK 1/3(EPA left, EVA right)
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Figure 8:BLER performance of different DMRS multiplexing methods for 16QAM 3/4 (EPA left, EVA right)
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Figure 9:BLER performance of different DMRS multiplexing methods for 64QAM 5/6(EPA left, EVA right)
2. Evaluation results for Case2
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Figure 10:BLER performance of different DMRS multiplexing methods for QPSK 1/3 (EPA left, EVA right)
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Figure 11:BLER performance of different DMRS multiplexing methods for 16QAM 3/4(EPA left, EVA right)
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Figure 12:BLER performance of different DMRS multiplexing methods for 64QAM 5/6 (EPA left, EVA right)
According to the above evaluation results, the following observations can be made:
Observation 2: sPUSCH detection performance can be degraded when the DMRS is not self-contained in the UL sTTI, especially in case of higher UE speeds. The degradation is larger when the DMRS is located farer from the sPUSCH symbol.

Observation 3: The comb-like FDM DMRS multiplexing method with DMRS EPRE power boosting outperforms the CDM multiplexing method. 

Proposal 1: The comb-like FDM DMRS multiplexing method with the DMRS EPRE power boosting should be supported for consecutive sTTI with 2 OS. 
2.3 Dynamic indication of DMRS position 
In the LTE system, the time domain location of PUSCH DMRS is fixed. However, as observed in the evaluation results, if one fixed DMRS symbol shared by multiple sTTIs, the channel estimation accuracy  deteriorate with the increase of distance between the TTI and its DMRS symbol, especially for higher UE speed and higher MCS. It could be considered to use more DMRS symbols within a subframe to reduce the number of UEs sharing the same DMRS to improve the reliability, however, the DMRS overhead will increase thus the system throughput is degraded. 

Therefore it may be considerable to adjust the DMRS symbol location such that it is closer to the sTTI with higher UE speed and or higher MCS, in order to improve the transmission reliability. A dynamic L1 signaling may be used to indicate the DMRS symbol location. 
As also discussed in [4], such dynamic indication of DMRS location is mainly useful for 2-symbol sTTI case. For 4-symbol and slot-level sTTI, fixed DMRS symbol location can be used. 
Proposal 2: For uplink 2-symbol sTTI, the dynamic indication of DMRS symbol location within the UL subframe for sPUSCH transmission is supported. 
Proposal 3: For uplink 4-symbol and slot-level sTTI, fixed DMRS symbol location is supported, using the legacy UL DMRS location as the starting point. 

Based on the sTTI partition as discussed in [4], details for dynamic indication of DMRS position can be designed as the following:
Assuming the sTTI partition shown in figure 13, the last symbol in a slot is as reserved resource for SRS or data transmission and a sTTIs can have self-contain or shared DMRS which is located at previous sTTI. For each sTTI, a default DMRS position can be predefined/specified, e.g. the 1st symbol within the sTTI. If dynamically indicated by the eNB, UE could use one alternative symbol location beforehand the sTTI to transmit the DMRS, and share the DMRS with that sTTI which contains the DMRS symbol. The alternative DMRS symbol location can be RRC configured or by hard-coded in the specification. Two examples with 1 or 2 bits dynamic indication are shown in the next section. 
As shown in figure 13, if sTTI#0 receives “0” in UL grant, it means sTTI#0 self-contains DMRS, and if sTTI#1 receives “1” in UL grant, it indicates sTTI#1 to use DMRS located in sTTI#0 for demodulation.
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Figure 13: Dynamic indication of DMRS position for scheme 1
As shown in figure 14, sTTI#2 receives “00” in UL grant means its DMRS is transmitted in default DMRS position in symbol#1, sTTI#7 receives “10” in UL grant means its DMRS is transmitted in the last sTTI within second slot.
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Figure 14: Dynamic indication of DMRS position for scheme 2
Proposal 4: One or more additional bits in UL grant is used for dynamic UL DMRS position indication. 
3 Conclusion

In this contribution, sPUSCH design for LTE short TTI are discussed, we have the following observations and proposals:
Observation 1: Either option 2 or 3 or 4 can be considered as potential DMRS multiplexing methods for consective 2os sTTIs.

Observation 2: sPUSCH detection performance can be degraded when the DMRS is not self-contained in the UL sTTI, especially in case of higher UE speeds. The degradation is larger when the DMRS is located farer from the sPUSCH symbol.

Observation 3: The comb-like FDM DMRS multiplexing method with DMRS EPRE power boosting outperforms the CDM multiplexing method. 

Proposal 1: The comb-like FDM DMRS multiplexing method with the DMRS EPRE power boosting should be supported for consecutive sTTI with 2 OS. 
Proposal 2: For uplink 2-symbol sTTI, the dynamic indication of DMRS symbol location within the UL subframe for sPUSCH transmission is supported. 

Proposal 3: For uplink 4-symbol and slot-level sTTI, fixed DMRS symbol location is supported, using the legacy UL DMRS location as the starting point.
Proposal 4: One or more additional bits in UL grant is used for dynamic UL DMRS position indication. 
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5 Annex

	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	5MHz

	TTI length
	2 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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