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Introduction
In RAN1#86, the following has been agreed on UL DMRS enhancement. 

Agreement:
· Support orthogonal DMRS (more than 2) for MU-MIMO with partial overlapping BW allocation by
· IFDMA with at least RPF 2 
· FFS: RPF 4 
· FFS:  whether and how CS of DMRS generation shall be modified to improve backward compatibility for the pairing with legacy UE. 
· Additional power boosting shall be supported and applied to IFDMA DMRS depending on the value of RPF
· FFS:  x dB for RPF 2 and y dB for RPF 4
· IFDMA Sequence Design for RPF=2, 
· New lengths larger than 36 are supported. The corresponding DMRS sequences are generated by the legacy mechanism by extension of a Zadoff-Chu sequence. 
· FFS: whether new lengths of 6, 18, 30 are supported
This contribution proposes more details on the DMRS enhancements based on the previous meeting’s agreement. 
Discussions on the supported values for RPF and sequence length
Since it was agreed to support UL DMRS transmission via “IFDMA with RPF=2”, at least two orthogonal DMRSs can be configured for MU-MIMO with partially overlapping BW allocation. Note that this agreement does not preclude partially overlapping BW allocation between more than two UEs. Figure 1 depicts two example of partially overlapping BW allocation for three UEs. In case of Figure 1(a), it is possible to support partially overlapping BW allocation for more than two UEs with RPF=2. Observe that RPF=2 may not be enough to support partially overlapping BW allocation such as Figure 1(b) case. However, the benefit from facilitating partially overlapping BW allocation for more than two UEs is unclear. 
Regarding the new sequence lengths of 6, 18, and 30, similar observations hold. The network may not be able to use 1, 3, and 5 RBs for partial overlapping BW allocation without the new sequences. However, it was not investigated how much performance losses are expected by such scheduling restrictions.
Based on the discussions above, following proposal can be made: 
Proposal 1: Focus on finalizing specification support on RPF=2 and legacy sequence lengths
· FFS: support for RPF=4 and new sequence length of 6, 18, and 30 (if sufficient benefit can be demonstrated)
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[bookmark: _Ref462734272]Figure 1. Examples of partial overlapping BW allocation for three UEs

Proposed UL DMRS design enhancements
In the “IFDMA with OCC2” design, the UL DMRS occupies REs in the 4th and 11th symbols in each of the PUSCH RBs allocated to a UE. Following the IFDMA structure, the UL DMRS does not occupy all the REs in the relevant RBs as it does in the current design; this is discussed upon further in this section. Following the current system specifications in [2], PUSCH allocations to a UE can consist of up-to 2 clusters, wherein each cluster is contiguous in frequency. 
1.1 IFDMA structure: Offset indication
A parameter that is needed to describe the IFDMA structure is the set of applicable per-RB RE offset values for that structure. The RPF = 2 case comprises 2 possible sequences, each occupying every other RE in the RB, but with 2 different starting REs, i.e., with 2 different RE offsets. In Figure 2, the 2 possible sequences are represented by the blue and black REs; the 1st sequence, consisting of the 6 blue alternating REs, has an RE offset value of 0, implying that it starts from the 1st RE from the top of the RB, whereas the 2nd sequence, consisting of the 6 black alternating REs, has an RE offset value of 1. In this example, the RE offset for a sequence is the same in both slots of each RB, i.e., in both symbols 4 and 11.
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Figure 2: Offset values for UL DMRS structure with RPF = 2





The indication of the UL DMRS sequence offset values may be achieved via a modification of Table 5.5.2.1.1.-1 in Section 5.5.2.1 of [2], which, in the legacy system, indicates the mapping from the cyclic shift field in the uplink-related DCI format to theand the  parameters (defining the DMRS sequence cyclic shift and OCC values, respectively). An example of such a modification applicable to the RPF = 2 case is illustrated in Table 1. In Table 1, the 1st 3 columns, corresponding to the cyclic shift field in the uplink-related DCI format, and the correspondingand  parameters, are identical to the corresponding columns in of Table 5.5.2.1.1.-1 in Section 5.5.2.1 of [2]; the last column is the modification to the existing table and defines example RE offsets for this case. 
We elaborate further on the example Table 1, and make some observations, as follows.
1. 
The values  represent the RE offsets applicable to DMRS symbols in slot #s 0 and 1 of each RB, i.e., to symbol #s 4 and 11 of each RB. Since this is an example for the RPF = 2 case, The offset values in a row are the same, i.e., either [0 0] or [1 1], and the RE offset for a sequence is the same in both slots of each RB, i.e., in both symbols 4 and 11. The specific choice in the example is made to allow maximum separation of those 8 UEs that can be SDMA’ed.
2. It may be noted that such a modified table would be relevant to both legacy and Rel. 14 UEs; the legacy UEs would only interpret the 1st 3 columns of the table, while the Rel. 14 UEs would interpret all columns.      

	Cyclic Shift Field in 
uplink-related DCI format [3]
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	000
	0
	6
	3
	9
	

	

	

	

	[0 0]

	001
	6
	0
	9
	3
	

	

	

	

	[0 0]

	010
	3
	9
	6
	0
	

	

	

	

	[0 0]

	011
	4
	10
	7
	1
	

	

	

	

	[1 1]

	100
	2
	8
	5
	11
	

	

	

	

	[1 1]

	101
	8
	2
	11
	5
	

	

	

	

	[1 1]

	110
	10
	4
	1
	7
	

	

	

	

	[1 1]

	111
	9
	3
	0
	6
	

	

	

	

	[0 0]


Table 1: Example modification of legacy table to indicate offset values for UL DMRS structure with RPF = 2



Alternatively, an additional table, having the same structure as the example Table 1 above, may be specified as applicable to Rel. 14 UEs. Such a table, while still having 8 rows corresponding to the 8 DCI cyclic shift field values (indicated by DCI formats 0 or 4), may not have identical columns w.r.t the and the  parameters as in the legacy table in. The specification of such an additional table may be preferable, as it may provide performance gains due to the additional flexibility in selecting desirable mappings from the cyclic shift field to the other DMRS sequence parameters.

Proposal 2: The indication of the sequence offset value w.r.t the IFDMA/comb structure of the enhanced UL DMRS may be specified via:
· Alt 1: Modification of the legacy table (which indicates the mapping between the DCI cyclic shift field and the DMRS sequence cyclic shift and OCC values). The modification consists of the addition of a set of columns specifying the offset values for each DCI cyclic shift field.
· Alt 2: Introduction of a new table applicable only to the Rel. 14 UEs. In addition to indicating the mapping between the DCI cyclic shift field and the DMRS sequence cyclic shift and OCC values, such a table would also indicate the mapping between the DCI cyclic shift field and DMRS sequence offset values.  

Conclusions 
1 
2 
This contribution provided some motivating design considerations for enhancements to the legacy UL DMRS design, and proposed enhancements, along with some design details, following the agreed-upon “IFDMA with OCC2” methodology. The proposed design can provide the desired UL DMRS performance enhancement, while maintaining the signalling and DMRS overheads of the legacy design.

This contribution made the following proposals.  
Proposal 1: Focus on finalizing specification support on RPF=2 and legacy sequence lengths
· FFS: support for RPF=4 and new sequence length of 6, 18, and 30 (if sufficient benefit can be demonstrated)
Proposal 2: The indication of the sequence offset value w.r.t the IFDMA/comb structure of the enhanced UL DMRS may be specified via:
· Alt 1: Modification of the legacy table (which indicates the mapping between the DCI cyclic shift field and the DMRS sequence cyclic shift and OCC values). The modification consists of the addition of a set of columns specifying the offset values for each DCI cyclic shift field.
· Alt 2: Introduction of a new table applicable only to the Rel. 14 UEs. In addition to indicating the mapping between the DCI cyclic shift field and the DMRS sequence cyclic shift and OCC values, such a table would also indicate the mapping between the DCI cyclic shift field and DMRS sequence offset values.
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