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1 Introduction

In the RAN1#88 meeting, the following agreements related to supported layers for UL sPUSCH were agreed in [1]:
· For both 2-symbol and 1-slot sPUSCH transmission
· Up to 2-layer transmission is supported.
· FFS 4-layer is supported;
In addition, the following agreements related to UL DMRS were agreed in [2]:
· 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)
This contribution firstly provides a brief discussion on the maximum number of layer for sPUSCH, then discusses UL DMRS design for 2/3-symbol sPUSCH, mainly focuses on DMRS multiplexing, DMRS pattern and DMRS cyclic shift. Candidate DMRS positions and DMRS indication method are discussed in our companion contribution [3].   
2 Maximum number of layers for sPUSCH
In legacy LTE, up to 4 layers can be supported for PUSCH transmission to achieve high peak data rate and spectral efficiency. DMRS to support 4 layers transmission are located in one symbol and differentiated by different cyclic shifts. For the same reason as legacy LTE system, up to 4-layer should also be supported for sPUSCH as long as no significant issues are identified. 

Proposal 1: Up to 4-layer is supported for both 2/3-symbol and 1-slot sPUSCH.
3 UL DMRS design for 2/3-symbol sPUSCH
3.1 DMRS multiplexing 
In the case of multiple users multiplexing on the same DMRS symbol for 2/3-symbol sTTI, there would be two cases. One is that multiple users share the same DMRS symbol in the form of MU-MIMO, the other is that multiple users share the same DMRS symbol but the sPUSCHs corresponding to different users are transmitted in different sTTIs. Considering the performance of DMRS multiplexing, it is preferred not to support the two cases at the same time.
Proposal 2: sPUSCHs corresponding to multiple users sharing one DMRS symbol is supported either in the same sTTI or in different sTTIs. 
3.2 DMRS pattern 
In the RAN1#88 meeting, it was agreed to support IFDMA DMRS for DMRS sharing among sTTIs with unequal frequency resource allocation. In addition, CDM DMRS should be supported for sTTI also. CDM DMRS pattern may help improve channel estimation performance for some cases, e.g. the DMRS symbol is allocated to one UE for one or several sTTIs. 

Proposal 3: Besides IFDMA DMRS, CDM DMRS shall be supported for DMRS sharing for 2/3-symbol based sPUSCH. 
For IFDMA DMRS, in the RAN1#88 meeting, it was agreed to support two IFDMA DMRS configurations (i.e. RPF=2) for 2/3-symbol sPUSCH, whether to support four IFDMA configurations is FFS. The main motivation of introducing IFDMA DMRS pattern for sTTI is to support DMRS multiplexing for multiple users with unequal frequency resource allocation in different sTTIs. Two users multiplexing on the same DMRS symbol with unequal frequency is most likely the typical case. And as discussed in section 3.1, it is not preferred to support DMRS sharing among different sTTIs with unequal frequency allocation MU-MIMO in each sTTI. Therefore, two combs should be sufficient. On the other hand, 4 combs may have impact on the channel estimation performance of cell edge users in sTTI. In addition, according to the agreement in eFD-MIMO, at most two IFDMA configurations is supported, the same conclusion should be reused here unless significant issues are identified.
Proposal 4:  Four IFDMA configurations (i.e. RPF=4) is not supported for IFDMA DMRS for sTTI. 

In the RAN1#88 meeting, it was agreed that UL DMRS EPRE power boosting is supported for IFDMA DMRS. For RPF=2, 3dB power boosting should be supported. 
Proposal 5:  3dB power boosting should be supported for RPF=2 for IFDMA DMRS.
3.3 DMRS cyclic shift
According to the agreement, no new UL DMRS sequence generation compared to PUSCH in Rel-14 (including new sequence length from eFD-MIMO) will be introduced in sTTI, so the DMRS sequence generation for IFDMA DMRS pattern will be the same as that for eFD-MIMO. That is, the available cyclic shifts for IFDMA DMRS are also from 0 to 11. However, if IFDMA DMRS pattern supports the same number of layers as CDM DMRS pattern, the performance of IFDMA DMRS will be worse than CDM DMRS since the time distance used to differentiate two cyclic shifts of IFDMA DMRS pattern is 1/2 of the time distance used to differentiate two cyclic shifts of CDM DMRS pattern. To achieve similar performance of the two patterns, it is preferred that the minimum distance between two allocated cyclic shifts for IFDMA DMRS is double of that for CDM DMRS, so maximum 2 layers are supported for IFDMA pattern.
Proposal 6: Up to two layers are supported for one IFDMA DMRS pattern for 2/3-symbol sPUSCH.
4 Conclusion
This contribution firstly provides a brief discussion on the maximum number of layer for sPUSCH, then discusses UL DMRS design for 2/3-symbol sPUSCH, mainly focuses on DMRS multiplexing, DMRS pattern and DMRS cyclic shift. Based on the discussion, we have the following proposals:
Proposal 1: Up to 4-layer is supported for both 2/3-symbol and 1-slot sPUSCH.
Proposal 2: sPUSCHs corresponding to multiple users sharing one DMRS symbol is supported either in the same sTTI or in different sTTIs. 
Proposal 3: Besides IFDMA DMRS, CDM DMRS shall be supported for DMRS sharing for 2/3-symbol based sPUSCH. 
Proposal 4:  Four IFDMA configurations (i.e. RPF=4) is not supported for IFDMA DMRS for sTTI. 

Proposal 5:  3dB power boosting should be supported for RPF=2 for IFDMA DMRS.
Proposal 6: Up to two layers are supported for one IFDMA DMRS pattern for 2/3-symbol sPUSCH.
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