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1. Introduction 
At the RAN1 #87 and #88 meeting, following agreements for uplink sTTI were achieved [1] – [2]:
	Agreement:
· For 2-OS sTTI, down-select the UL sTTI pattern for sPUSCH between (2,2,3,2,2,3) and (3,2,2,2,2,3)
· The data symbol(s) for a sPUSCH are confined within a sTTI
· [bookmark: OLE_LINK22][bookmark: OLE_LINK23]if sPUSCH is transmitted, the number of symbols available for data transmission within a sTTI can be 
· 1 or 2 for a sTTI with 2 symbols
· FFS: 1 or 2 or 3 for a sTTI with 3 symbols 
· The presence (if any) and the position of the UL DMRS is given or determined by the UL grant, 
· The UL DMRS can be positioned before or within the associated sTTI 
· FFS: The UL DMRS can be positioned after the associated sTTI
Agreements:
· For 2-OS sTTI, UL sTTI pattern for sPUSCH and sPUCCH is [3,2,2,2,2,3]
Agreements: 
· Confirm working assumption on support for {DL, UL} sTTI combination {2,7}.
· The UE is configured by higher layers to operate one of the following sTTI combination {DL, UL} within a PUCCH group: {2, 2}, {2, 7} and {7, 7}
· FFS whether different sTTI combination can be configured for different PUCCH group
Agreements: 
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12]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 provide our views on the UL DMRS design for 2-symbol sTTI.
2. [bookmark: OLE_LINK7]UL DMRS multiplexing/sharing mechanism
It was agreed that IFDMA-based DMRS is supported for 2-symbol sPUSCH. The main benefit of IFDMA is that it allows eNB to schedule/multiplex DMRSs having different transmission bandwidths/positions for different UEs on the same symbol. In order to do QAM demodulation correctly, it is required that the transmit power difference between the DMRS symbol and associated data symbol is known by the eNB. For different UEs sharing the same DMRS symbol, IFDMA-based DMRS works well since the benefit of IFDMA-based DMRS can be kept and meanwhile the transmit power requirement can be met. However, for the same UE scheduled in consecutive sTTIs, multiplexing DMRSs for the consecutive sTTIs using IFDMA cannot work efficiently unless employing some restrictions. For example, as shown in figure 1, UE 3 is scheduled in consecutive sTTI#3 and sTTI#4 with DMRS multiplexed in the first symbol of sTTI#3, different transmission bandwidth is scheduled between sTTI#3 and sTTI#4. By using IFDMA-based DMRS, UE 3 needs to transmit two DMRSs with different comb index at symbol #7 (one DMRS for sTTI#3, the other DMRS for sTTI#4) which would increase the PAPR and additional UL interference to other cells/UEs. In addition, it increases the probability of UE being power limited due to power back-off only at symbol #7; in this case, same transmit power between DMRS and associated data symbol cannot be maintained anymore which causes the incorrect QAM demodulation for eNB. 
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Figure 1: IFDMA-based DMRS for different UEs and for the same UE
Therefore, for a given UE scheduled in consecutive sTTIs, following alternatives can be considered to enable the DMRS sharing among the scheduled sTTIs.
Alt.1: the UE is expected to be scheduled with the same MCS and same number of PRBs and same required transmission power for consecutive sTTIs.
[image: ]
Figure 2: Alt.1 of DMRS multiplexing for the same UE in consecutive sTTIs
For Alt.1, except HARQ related information like HPN, RV, NDI etc, other scheduling information is the same among the consecutive sTTIs for a given UE. Clearly, Alt.1 is inflexible but suitable for single sDCI multiple sTTI scheduling if supported.
Alt.2: DMRS transmission bandwidth is the super-set of sPUSCH PRB of all the sharing sTTIs and the transmit power is the same for all the sharing sTTIs.  
[image: ]
 Figure 3: Alt.2 of DMRS multiplexing for the same UE in consecutive sTTIs
Compared with Alt.1, Alt.2 has some flexibility. In Alt.2, the number of PRBs and MCS for consecutive sTTIs for the same UE can be different, but the transmission power difference for the DMRS-sharing sTTIs should be the known by the eNB. 
Both Alt.1 and Alt.2 put scheduling restrictions at eNB side, hence for a given UE scheduled in consecutive sTTIs, self-contained DMRS is preferred. 
Alt.3: for a given UE scheduled in consecutive sTTIs, starting from sTTI #n to sTTI #(n+k), at least for sTTI #(n+1) ~ sTTI #(n+k), the DMRS should be self-contained.
Alt.3 is the most flexible. It means that DMRS multiplexing applies to only different UEs, but not to a given UE. As shown in figure 4, UE 2 is consecutively scheduled in sTTI#1, sTTI#2 and sTTI#3, for sTTI#2 and sTTI#3， self-contained DMRS is used to demodulate current sTTI. For sTTI#1, the DMRS of UE2 can be IFDMAed with UE1 in OFDM symbol #0. 
[image: ]
Figure 4: Self-contained DMRS for the same UE scheduled in consecutive sTTIs
Proposal 1:
· IFDMA DMRS is supported for 2-symbol based sPUSCH and applied to different UEs. 
· For a given UE scheduled in consecutive sTTIs, self-contained DMRS should be the baseline.
· If DMRS multiplexing is used, 
· the transmission BW for the DMRS should be the super-set of sPUSCH PRBs of all the DMRS-sharing sTTIs.
· the transmission power difference should be the same between DMRS and all the DMRS-sharing sTTIs.
3. [bookmark: OLE_LINK18][bookmark: OLE_LINK19]Flexible UL DMRS position for 2-symbol sTTI
3.1. Combinations for UL data (D) and DMRS (R) 
It was agreed that the data symbols should be confined within one sTTI while the associated DMRS can be placed before the sTTI. To support flexible DMRS positions, many combinations for UL data (D) and DMRS (R) were proposed in [3] – [6]. To narrow down the combinations for D and R while ensure some flexibility, following two design principles are proposed:
· Principle 1: Cross-slot and cross-subframe DMRS demodulation is not allowed
There are two reasons for principle 1. First comes from the channel estimation accuracy. For non-continuous transmission between DMRS and associated data, it is necessary to define a time gap between the DMRS and data to ensure the channel estimation accuracy. It is noticed that for 1-slot sTTI, one DMRS located in OFDM symbol #3 is used for demodulation of current slot. Therefore, it is reasonable to set the length of the time gap one slot. 
Second is to simplify the transmit power control in case of UL CA. At the last meeting, although the same UL sTTI length within one PUCCH CG was agreed, supporting different UL sTTI length across PUCCH CGs is preferred to meet the different requirements for coverage, TA difference and UCI capacity accommodation. In this case, if cross-slot and cross-subframe DMRS demodulation is allowed, it is highly likely that UE is power limited for the data symbol while UE is not power limited for the associated DMRS symbol. For example, as shown in figure 5, there are two PUCCH groups that PUCCH group#1 contains {DL CC1, UL CC1} and PUCCH group#2 contains {DL CC2, UL CC2}. The DL/UL sTTI length combination for PUCCH group #1 is {2,2} and for PUCCH group#2 is {7,7}. It is reasonable that the processing time between UL grant and UL data for 2-symbol sTTI is n+6 (2-symbol sTTI) and for 7-symbol sTTI is n+4 (7-symbol sTTI) [7]. For UE transmitting both 2-symbol and 7-symbol sPUSCH, if cross-slot is allowed for 2-symbol sTTI, at 2ed slot of subframe n+2, the transmission power cannot be maintained the same between the DMRS and the associated 2-symbol data.    
Third is the eNB scheduler behaviour. At least for legacy UEs and DRX/idle UEs, eNB scheduler works based on the subframe-level timing/granularity. Allowing cross-slot/cross-subframe DMRS demodulation complicates the eNB scheduler while the benefit is not clear enough. 
Taking above into account, principle 1 is proposed to ensure accurate channel estimation simplify UE transmit power control mechanism, and avoid complicated eNB scheduler implementation. 
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Figure 5: Power issue for cross-slot DMRS demodulation for 2-symbol sTTI 

· Principle 2: The UL DMRS should not be positioned after the associated sTTI to reduce the latency
For uplink data transmission, interleaver is employed, and the resulting data mapping is time-first and frequency-second. Therefore, eNB cannot start decoding the data until receiving the whole sPUSCH. In order to relax processing time for the eNB, DMRS should be front-loaded. At least, placing DMRS after the data is not preferable.
Based on above principles, possible combinations between D and R for 2-symbol sTTI are summarized in the Table 1.

Table 1: Possible combinations between D and R for 2-symbol sTTI      

                                                
		1st slot 	

	For sTTI0
	For sTTI 1
	For sTTI 2

	sTTI 0
	
	sTTI0
	sTTI 1
	
	sTTI0
	sTTI 1
	sTTI 2

	R D D
	Self-contained
	- - -
	D R
	Self-contained
	- - -
	- -
	D R

	D R D
	
	- - -
	R D
	
	- - -
	- -
	R D

	D D R
	Sharing
	R - -
	D D
	Sharing with sTTI 0
	R - -
	- -
	D D

	
	
	- R -
	D D
	
	- R -
	- -
	D D

	
	
	- - R
	D D
	
	- - R
	- -
	D D

	
	Sharing with sTTI 1
	- - -
	- R
	D D

	
	
	- - -
	R -
	D D

	2nd slot

	For sTTI 3
	For sTTI 4
	For sTTI 5

	sTTI 3
	
	sTTI3
	sTTI 4
	
	sTTI 3
	sTTI 4
	sTTI 5

	R D
	Self-contained
	- -
	D R
	Self-contained
	- -
	- -
	R D D/ R D S

	D R
	
	- -
	R D
	
	- -
	- -
	D R D/ D R S

	
	Sharing
	R -
	D D
	
	- -
	- -
	D D R

	
	
	- R
	D D
	Sharing with sTTI 3
	R -
	- -
	D D D/ D D S

	
	
	- R
	- -
	D D D/ D D S

	
	Sharing with sTTI 4
	- - -
	R -
	D D D/ D D S

	
	
	- - -
	- R
	D D D/ D D S



[bookmark: OLE_LINK8][bookmark: OLE_LINK15][bookmark: OLE_LINK24][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 2:
· Following principles for designing the combination between DMRS and data should be supported:
· Principle 1: Cross-slot and cross-subframe DMRS demodulation is not allowed
· Principle 2: The UL DMRS should not be positioned after the associated sTTI to reduce the latency
3.2. Indication for the combination of data and DMRS 
After the combinations of D and R are determined, the signalling for indication of which combination to use should be designed. There are two options. 
Option 1: Self-contained DMRS and DMRS multiplexing can be configured by higher layer.
Option 1 can reduce the DL control overhead. When self-contained DMRS is configured, no indicator field in the scheduling DCI, and higher layer also configures the exact position for DMRS and data for 2-symbol and 3-symbol sTTI. 
When DMRS multiplexing is configured, combination indicator field needs to be introduced in UL grant to indicate which D and R combination to use. As shown in Table 2 and figure 6, depending on which sTTI the UL grant schedules for, same value of the hardcoded bit in the indicator field indicates different D and R combinations. Moreover, the UE is not expected to receive indications which would result in simultaneous transmission of DMRS and data in the same SC-FDMA symbol, or two DMRS on different resources in the same SC-FDMA symbol. However, in case of the UE receives indications which would result in simultaneous transmission of one of the above cases, the latest UL grant overrides the previous UL grant indication. 
Table 2: 2-bit indicator field for DMRS multiplexing when configured by higyer layer
	2-bit indicator field
	UL grant transmitted in sTTI #x in subframe n schedules sPUSCH transmission in sTTI #x in subframe n+1

	
	sTTI 0
	sTTI 1
	sTTI 2
	sTTI 3
	sTTI 4
	sTTI 5

	
	
	sTTI 0, sTTI 1
	sTTI 0, sTTI 1, sTTI 2
	
	sTTI 3, sTTI 4
	sTTI 3, sTTI 4, sTTI 5

	0 0
	R D D
	R - -, D D
	R - -, - -, D D
	R D
	R -, D D
	R -, - -, D D D(S)

	0 1
	D D R
	- - R, D D
	- - R, - -, D D
	D R
	- R, D D
	- R, - -, D D D(S)

	1 0
	D R D
	- - -, D R
	- - -, - R, D D
	Reserve
	- -, R D
	- -, R -, D D D(S)

	1 1
	Reserve
	- - -, R D
	- - -, R -, D D
	Reserve
	- -, D R
	- -, - R, D D D(S)



[image: ]
Figure 6: 2-bit indicator field for DMRS multiplexing when configured by higyer layer

Option 2: Both self-contained DMRS and the DMRS multiplexing can be indicated dynamically in UL grant. 
The only difference between option 1 and option 2 is whether the combination for self-contained DMRS and data can be indicated dynamically in the UL grant. 
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Proposal 3:
· Following two options can be considered to indicate the combination for UL data and DMRS:
· Option 1: Self-contained DMRS and DMRS multiplexing can be configured by higher layer.
· In case of self-contained DMRS is configured, no indicator field in the scheduling DCI, and higher layer also configures the exact positions for DMRS and data within a sTTI
· In case of DMRS multiplexing is configured, the indicator field needs to be introduced in UL grant to indicate the DMRS and data combination to use.
· Option 2: Both self-contained DMRS and the DMRS multiplexing can be indicated dynamically in UL grant.

4. Conclusion
In this contribution, we discussed UL DMRS multiplexing/sharing mechanism and flexible DMRS positions for 2-symbol sTTI. Following proposals were made:
Proposal 1:
· IFDMA DMRS is supported for 2-symbol based sPUSCH and applied to different UEs. 
· For a given UE scheduled in consecutive sTTIs, self-contained DMRS should be the baseline.
· If DMRS multiplexing is used, 
· the transmission BW for the DMRS should be the super-set of sPUSCH PRBs of all the DMRS-sharing sTTIs.
· the transmission power should be the same for all the DMRS-sharing sTTIs.
Proposal 2:
· Following principles for designing the combination between DMRS and data should be supported:
· Principle 1: Cross-slot and cross-subframe DMRS demodulation is not allowed
· Principle 2: The UL DMRS should not be positioned after the associated sTTI to reduce the latency
Proposal 3:
· Following two options can be considered to indicate the combination for UL data and DMRS:
· Option 1: Self-contained DMRS and DMRS multiplexing can be configured by higher layer.
· In case of self-contained DMRS is configured, no indicator field in the scheduling DCI, and higher layer also configures the exact positions for DMRS and data within a sTTI
· In case of DMRS multiplexing is configured, the indicator field needs to be introduced in UL grant to indicate the DMRS and data combination to use.
· Option 2: Both self-contained DMRS and the DMRS multiplexing can be indicated dynamically in UL grant.
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