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1. Introduction 
At the RAN1 #87 and #88 meeting, following agreements were achieved [1] - [2]:
	Agreement from RAN1#87:
· 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
· 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 from RAN1#88:
· 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 UL DMRS design for sPUSCH.
2. UL DMRS design for sPUSCH
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Application of OCC for DMRS for sPUSCH
For legacy 1ms TTI, combination of CS and OCC would be useful to suppress the inter-layer interference of multi-layer transmission and inter-user interference of MU-MIMO. To support MU-MIMO with different scheduling bandwidth, sequence group hopping is disabled by higher layer signaling.
Different from legacy PUSCH, for sPUSCH, whether OCC for DMRS is applicable depends on the use cases. Generally, OCC is not applicable for DMRS for sPUSCH. As shown Fig.1 (a), 7-symbol sPUSCH for a given UE is not scheduled in consecutive sTTIs. Obviously, OCC is not applicable since a single DMRS symbol is used for sPUSCH. For 2-symbol sPUSCH, DMRS sharing/multiplexing for multiple sTTIs or self-contained DMRS can be applied for a given UE as shown in Fig.1 (b) and Fig.1 (c). For both DMRS sharing/multiplexing and self-contained DMRS case, since there is a single DMRS symbol applied for a sTTI, OCC is also not applicable. Therefore, for sPUSCH, cyclic shift for DM RS and OCC index filed in the DCI needs to be changed. FFS whether the field itself is changed or the new interpretation is introduced for scheduling sPUSCH. 
Observation 1:
· In case that OCC is not applicable for DMRS for sPUSCH, cyclic shift for DM RS and OCC index filed in the DCI needs to be changed.
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Fig.1 (a) 7-OS sPUSCH with non-continuos transmission

 [image: ]                     [image: ]
Fig.1 (b) 2-OS sPUSCH with DMRS sharing/multiplexing   Fig.1 (c) 2-OS sPUSCH with self-contained DMRS

However, there is a special case that OCC may be applicable for DMRS for sPUSCH, i.e., when sPUSCH for a given UE is transmitted in two consecutive 7-OS sTTIs. Two examples are illustrated in Fig.2. In Fig.2 (a), both UE#1 and UE#2 are scheduled in consecutive 7-OS sTTIs within one subframe, if the two UEs are paired as Mu-MIMO, OCC is applicable. In Fig.2 (b), a 7-OS sTTI UE with two consecutive sTTI transmission is multiplexed with a 1ms-TTI UE. In this case, OCC could be applicable to the DMRS within a subframe. 
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Fig.2 (a) sTTI UEs multiplexing in two consecutive sTTI         Fig.2 (b) Multiplexing of sTTI UE and 1ms UE 

Sequence Group Hopping (SGH) in UL DMRS for sPUSCH
For legacy PUSCH, sequence hopping/group hopping is configured by higher layer signaling. Unlike DMRS for legacy PUSCH, for DMRS for sPUSCH, OCC may or may not be applicable. Depending on the OCC application in UL DMRS for sPUSCH, SGH for sTTI would be different from legacy 1ms TTI. Generally, there are three alternatives for SGH configuration for sTTI:
· Alt.1: Default SGH for sTTI is always enabled regardless of SGH configuration for legacy 1ms TTI. 
· Alt.2: SGH is configured by higher layer signaling. Two sub-alternatives can be considered:
· Alt 2-1: Reuse the SGH parameters in 1ms TTI. Enable or disable sequence hopping/group hopping for sTTI is determined by the parameters sequence-hopping-enabled/group-hopping-enabled for 1ms TTI which is configured by higher layer. 
·  Alt 2-2: Introduce new SGH parameter(s) for sTTI which is/are independent from the parameters for 1ms TTI.
For Alt 1, no additional higher layer signaling is needed to enable or disable sequence/group hopping for sTTI. Since the sequence group hopping is always enabled, Alt.1 cannot support the special case that MU-MIMO between the UE scheduled with 2 consecutive 7-ymbol sPUSCH and legacy 1ms PUSCH or MU-MIMO between UEs scheduled with 2 consecutive 7-ymbol sPUSCH.  
Alt 2 is applicable for all cases discussed above. For Alt 2-1, no additional higher layer signaling overhead is needed for sequence hopping/group hopping for sTTI. While Alt 2-2 may introduce additional higher layer signaling overhead, but more flexibility can be achieved.
Proposal 1: 
· For Sequence Group Hopping (SGH) parameter setting in UL DMRS for sPUSCH, following two alternatives can be considered.
· Alt.1: Default SGH for sTTI is always enabled regardless of SGH configuration for legacy 1ms TTI. 
· Alt.2: SGH is configured by higher layer signaling 
3. Remaining open issues for UL DMRS design for sPUSCH
It is FFS whether the UL DMRS can be positioned after the associated sTTI. 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 located before or within the associated sTTI. Placing DMRS after the data is not preferable.
For sTTI with 3 symbols, the number of symbols available for data transmission within a sTTI is still FFS. From our perspective, for sTTI of the 1st slot, the number of symbols available for data transmission will be 2 if the sTTI contains DMRS, otherwise, it will be 3 symbols. For sTTI of the 2nd slot, it becomes 1 symbol if the sTTI contains both DMRS and SRS. If only SRS or DMRS is contained in the sTTI, the number will be 2 symbols. Otherwise, the number will be 3 symbols. Therefore, for the sTTI in the 1st slot, 2 or 3 symbols for data transmission should be considered. For the sTTI in the 2nd slot, all three symbol lengths should be considered for sTTI with 3 symbols.
Proposal 2:
· UL DMRS is not positioned after the associated sTTI.
· For sTTI with 3 symbols, the number of symbols available for data transmission can be 2 or 3 for the sTTI in the 1st slot and 1 or 2 or 3 symbols for the sTTI in the 2nd slot. 

4. Conclusion
In this contribution, we discussed UL DMRS for sPUSCH and made following proposals.
Observation 1:
· In case that OCC is not applicable for DMRS for sPUSCH, cyclic shift for DM RS and OCC index filed in the DCI needs to be changed.
Proposal 1: 
· For Sequence Group Hopping (SGH) parameter setting in UL DMRS for sPUSCH, following two alternatives can be considered.
· Alt.1: Default SGH for sTTI is always enabled regardless of SGH configuration for legacy 1ms TTI. 
· Alt.2: SGH is configured by higher layer signaling 

Proposal 2:
· UL DMRS is not positioned after the associated sTTI.
· For sTTI with 3 symbols, the number of symbols available for data transmission can be 2 or 3 for the sTTI in the 1st slot and 1 or 2 or 3 symbols for the sTTI in the 2nd slot. 
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