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1. Introduction
After 3GPP RAN1#85 meeting, following was agreed for DMRS of sPUSCH transmission.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]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

From the agreements, we can see that both sharing DMRS for multiple TTI and multiplexing DMRS with PUSCH in the same OFDM symbol are considered for reducing the UL DMRS overhead. In this contribution, we discuss the design of multiplexing DMRS with PUSCH in the same OFDM symbol.

2. [bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK40][bookmark: OLE_LINK258][bookmark: OLE_LINK261][bookmark: OLE_LINK262]DMRS overhead in short TTI
In the legacy DMRS design, UL DMRS occupies a whole OFDM symbol. Assume UL DMRS occupies only one OFDM symbol for short TTI. Then we can obtain the DMRS overhead as shown in Table 1. From Table 1, we can see that the overhead of 4 symbol and 2 symbol TTI are, respectively, 1.75 and 3.5 times of the 7/14 symbol case. Thus it is necessary to reduce the DMRS overhead in short TTI. In the 3GPP discussions, there are two methods for reducing the DMRS overhead. One is sharing DMRS for multiple short TTIs [1]-[4] and the other is multiplexing DMRS with PUSCH in the same OFDM symbol [5]-[6]. In this paper, we focus on the latter design.

	
	2 symbol
	4 symbol
	7/14 symbol

	DMRS overhead
	50%
	25%
	14.29%


[bookmark: _Ref458431841]Table 1 UL DMRS overhead

Figure 1 shows examples of multiplexing DMRS with PUSCH when the TTI length is two. When DMRS is multiplexed with PUSCH, the DMRS overhead can be reduced to 1/6 or 1/8. In order to reduce the interference from PUSCH to DMRS and not increase the DCI or RRC overhead, it is preferred to fix the frequency position of DMRS, e.g., DMRS is allocated in {0, 3, 6, 9} REs in a resource block.
Proposal 1. To reduce the interference from PUSCH to DMRS and not increase the DCI or RRC overhead, it is preferred to fix the position of DMRS when DMRS is multiplexed with PUSCH.


[image: ]
[bookmark: _Ref458434801]Figure 1 Examples of multiplexing DMRS with PUSCH


3. Sequence design for DMRS
In the legacy DMRS design, the sequence was generated by Zadoff-Chu (ZC) sequence or computer generated CAZAC (constant amplitude zero autocorrelation codes). ZC sequence is used when the number of PRB is larger than or equal to 3. Computer generated CAZAC is used when the number of PRB is one or two. Both of ZC and computed generated CAZAC sequence have a low PAPR property. Figure 2 shows the block diagram of the insertion of DMRS. 
[image: ]
[bookmark: _Ref458497554]Figure 2 Block diagram of DMRS insertion 

When DMRS and PUSCH are multiplexed in the same OFDM symbol, the PAPR increases because multiplexing of the DFT spread symbols and ZC sequence (or CAZAC) does not have a low PAPR property. Now consider the new DMRS design with overhead 1/6 when the TTI length is two. In Figure 3, we compare the CM performance of the legacy desing with the new DMRS design. In the figure, ”Legacy DMRSdenotes the CM for legacy DMRS. ”New RS ZC” denotes the new RS design based on the ZC sequence for sPUSCH. ”New RS CAZAC” denotes the new RS design based on the computer generated CAZAC sequence for sPUSCH. The notations ”QPSK” and ”16QAM” means that the simulation is using, respectively, QPSK and 16QAM. In Figure 3(a), the number of PRB is 3 and the sequence length of the new DMRS is 12. In Figure 3 (b), the number of PRB is 6 and the sequence length of the new DMRS is 24. For the new DMRS design with sequence length 12 and 24, both ZC sequence and computer generated CAZAC sequence are simulated.

[image: ][image: ]
(a)                                                                                       (b)
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(c)
[bookmark: _Ref458495605]Figure 3 CM metric of the new DMRS design

From above results, we have following observations

Observation 1
· When the numbe of PRB is 3, the difference between the legacy design and the new RS design is about 1.5 dB.
· When the numbe of PRB is 6, the difference between the legacy design and the new RS design is about 1.2 dB.
· When the numbe of PRB is 25, the difference between the legacy design and the new RS design is about 1 dB. 
· When the sequence length is 12, the CM  of the computer generated CAZAC sequence is 0.2 dB smaller than ZC for the 16QAM case. When the sequence length is 24, the performance of ZC sequence is slightly better than computer generated CAZAC.

From the above observations, we have

Proposal 2. If DMRS is multiplexed with PUSCH, the DMRS sequence is generated by
· ZC sequence when the sequence length is larger than 24.
· Computer generated CAZAC sequence when the sequence length is {4, 8, 12, 16, 20, 24}.







4. Simulations
In the simulation, we compare the performance of the new DMRS design. The simulation assumptions are shown in Appendix (Table 2). For the new DMRS design, DMRS is allocated in {0, 3, 6, 9} REs in a resource block. Figure 4 and Figure 5 show the BLER and throughput performance for QPSK and 16QAM. In the figure, ”Legacy LTE’ denotes the performance of legacy TTI. ”Short TTI 7” denotes 7 symbols short TTI with legacy DMTS design. ”Short TTI 2” denotes 2 symbols short TTI with legacy DMRS design. ”Short TTI 2(new RS)” denotes 2 symbols short TTI with the proposed DMRS design. From Figure 4(a)(c)(e) and Figure 5(a)(c)(e) we can see that the BLER performance of the new DMRS design is very similar to the case without any modification. Figure 4(b)(d)(f) and Figure 5(b)(d)(f) we can see that the new DMRS design can achieve a much higher throughput than the case without any modification. The throughput gain comes from the reduction of the overhead. Table 2 and Table 3 show the throughput at 10% BLER. When the new RS design is applied, the 2 symbol TTI can increase 67.52% ~ 73.75% throughput compared to the case with legacy design.

	
	Thoughput @ 0.1 BLER (Mbps) for QPSK

	TTI length
	14
	7
	2
	2 (new DMRS)
	Enhencement of throughput 

	EPA 3
	1.9722
	1.9761
	1.0326
	1.7821 
	72.58%

	EVA 60
	1.9435
	1.9629
	1.0232
	1.755
	71.52%

	ETU 120
	1.9443
	1.9081
	1.0086
	1.7524
	73.75%


[bookmark: _Ref458513143]Table 2 Thoughput @ 0.1 BLER (Mbps) for QPSK

	
	Thoughput @ 0.1 BLER (Mbps) for 16QAM

	TTI length
	14
	7
	2
	2 (new DMRS)
	Enhencement of throughput 

	EPA 3
	9.5212
	9.5691
	5.4927
	9.2015
	67.52%

	EVA 60
	9.5033
	9.4225
	5.3369
	9.0623
	69.80%

	ETU 120
	9.4385
	9.4626
	5.3082
	9.1913
	73.15%


[bookmark: _Ref458513144]Table 3 Thoughput @ 0.1 BLER (Mbps) for 16QAM
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[bookmark: _Ref458505260][bookmark: _Ref458513813]Figure 4 BLER/Throughput of the new DMRS design (QPSK)
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[bookmark: _Ref458505264]Figure 5 BLER/Throughput of the new DMRS design (16QAM)

Therefore, we have

Observation 2.
· The BLER performance of the new DMRS design is very similar to the legacy case.
· The new DMRS design can achieve a much higher throughput than the legacy case. When the new RS design is applied, the 2 symbol TTI can increase 67.52% ~ 73.75% throughput @ 0.1 BLER compared to the legacy case.

[bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK44][bookmark: OLE_LINK45]
5. [bookmark: _Ref129681832]Conclusion
From above discussion, we have
Proposal 1. To reduce the interference from PUSCH to DMRS and not increase the DCI or RRC overhead, it is preferred to fix the position of DMRS when DMRS is multiplexed with PUSCH.
Observation 1.
· When the numbe of PRB is 3, the difference between the legacy design and the new RS design is about 1.5 dB.
· When the numbe of PRB is 6, the difference between the legacy design and the new RS design is about 1.2 dB.
· When the numbe of PRB is 25, the difference between the legacy design and the new RS design is about 1 dB. 
· When the sequence length is 12, the CM  of the computer generated CAZAC sequence is 0.2 dB smaller than ZC for the 16QAM case. When the sequence length is 24, the performance of ZC sequence is slightly better than computer generated CAZAC.

Proposal 2. If DMRS is multiplexed with PUSCH, the DMRS sequence is generated by
· ZC sequence when the sequence length is larger than 24.
· Computer generated CAZAC sequence when the sequence length is {4, 8, 12, 16, 20, 24}.

Observation 2.
· The BLER performance of the new DMRS design is very similar to the legacy case.
· The new DMRS design can achieve a much higher throughput than the legacy case. When the new RS design is applied, the 2 symbol TTI can increase 67.52% ~ 73.75% throughput @ 0.1 BLER compared to the legacy case.
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7. Appendix
	Parameter
	Value

	Number of trials
	10000

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz 

	TTI length
	2/7/14 symbols

	Allocated bandwidth
	25 PRBs 

	Channel model 
	EPA 3km/h, EVA 60km/h, ETU 120km/h 

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

	CP length
	Normal

	Receiver type
	MMSE 

	Channel estimation
	Practical

	Link adaptation
	Disabled 

	Modulation and code rate 
	MCS=5 (QPSK), 19(16QAM), 

	TBS determination 
	sTTI length
	14
	7
	2
	2(new)

	
	QPSK
	2216
	1096
	163
	288

	
	16QAM
	10680
	5328
	868
	1463

	HARQ retransmission 
	Disabled 

	Performance metrics
	BLER/Throughput


[bookmark: _Ref458504273]Table 4 Simulatin assumptions
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