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Introduction
In RAN plenary #71, a work item on ‘Enhancements on Full-Dimension (FD) MIMO for LTE’ was approved [1]. One of the objectives of the work item was the possible enhancement of the uplink DMRS to allow more than 2 orthogonal ports to enable MU-MIMO with partially overlapping bandwidth allocations. 
Following the discussions in the RAN1 #84-bis and RAN1 #85 meetings, the following agreement was reached in the RAN1 #85 meeting. 
· UL DMRS Enhancement
· Specify enhancement on uplink DMRS to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation, i.e. one of IFDMA with OCC2 or new DMRS sequence design

After providing some motivating design considerations, this contribution proposes enhancements to the legacy UL DMRS design following the “IFDMA with OCC2” methodology, and provides some details that may need to be captured in the Rel. 14 specifications. 
Considerations for UL DMRS enhancements 
1 
2 
In our view, one of the primary considerations is that the enhanced design should attempt to re-use as much of the legacy (up-to Rel. 13) design as possible. In particular, it is highly desirable to maintain and re-use as much as possible of the following key aspects of the legacy design.
1) The sizes and interpretations of the fields in DCI formats 0 and 4, as specified in Sections 5.3.3.1.2 and 5.3.3.1.8 of [3], respectively, which are used to schedule the PUSCH, should be maintained.
2) The CAZAC and ZC sequences making up the set of UL DMRS sequences, as well as the methodology used to generate them as described in Section 5.5.2.1 of [2], should be re-used. 
3) 

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), as defined in Table 5.5.2.1.1.-1 in Section 5.5.2.1 of [2], should be maintained as much as possible.  

Enhancements to the legacy DMRS design following the “new DMRS design” methodology would impact each of the above legacy design aspects, necessitating significant changes to the signalling and operation structure and resulting in an increase in the signalling overheads w.r.t the legacy design. On the other hand, enhancements following the “IFDMA with OCC2” methodology can provide the required capability, while maintaining the signalling overheads and largely maintaining the above aspects of the legacy design. This will be made apparent as this design methodology is elaborated upon further in Section 3. 

Proposal 1: The UL DMRS enhancement should follow the “IFDMA with OCC2” design.
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: RPF value selection
The proposed UL DMRS with an IFDMA or comb structure has a certain repetition factor (RPF), or comb number, associated with it. Figure 1 illustrates example DMRS comb structures with RPFs, or comb numbers, of 2, 3 and 4, wherein the DMRS occupies every 2nd, 3rd and 4th RE, respectively, in symbols #s 4 and 11, of each PUSCH RB. 
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Figure 1: Example UL DMRS structures with RPF values of 2, 3 and 4

We make the following observations about desirable RPF value selection for the specifications.
1. In the legacy specifications, PUSCH allocations are in multiples of RBs, with a single RB being the minimum allocation; as a consequence, the lengths of the legacy UL DMRS sequences are multiples of 12, with 12 being the minimum length. As discussed in Section 2, it is desirable to retain and re-use the legacy DMRS sequences for the enhanced design as well. This has the following implications due to the proposed IFDMA structure. 
a. An RPF value of N implies a per-RB DMRS sequence length of 12/N, and, for a PUSCH allocation consisting of R RBs, implies a total sequence length of (12/N *R). In order for the legacy sequences to be re-used, this constrains R, the number of allocated PUSCH RBs, to values such that (12/N *R) is an integer multiple of 12, leading to the constraint that R is an integer multiple of N. As a result, for RPF values of 2, 3 or 4, the number of allocated PUSCH RBs per cluster is constrained to be a multiple of 2, 3 or 4, respectively.   
b. UEs whose PUSCH allocations do not conform to the above constraint will have to be scheduled using legacy specifications and will not benefit from the Rel. 14 design enhancements.
We note here that lower RPF values allow a larger set of the number of allocated PUSCH RBs, and hence will impose fewer restrictions on the PUSCH scheduling operation
2. An RPF value of N implies an effective UL DMRS density that is lower by a factor of N as compared to legacy UL DMRS, leading to a DMRS channel estimation performance loss. 
We note that lower RPF values imply a higher DMRS density and consequently to a lesser channel estimation performance loss. 
3. Following the design considerations in Section 2, in the enhanced design, it is desirable to specify a single RPF value for comb structure, rather than a set of possible RPF values. The single selected RPF value then does not need to be indicated to the UE.
Based on these observations, lower RPF values are desirable, both from the point of view of lower PUSCH scheduling restrictions, as well as better channel estimation performance. Lower RPF values, on the other hand, may provide sufficient orthogonal UL DMRS ports to provide enhanced performance in most cases of interest. In contrast to the legacy design which provides up-to 2 orthogonal ports via OCC2, we note that RPF values of 2 or 3, in combination with OCC2, can provide up-to 4 or 6 orthogonal ports, respectively.

Proposal 2: The UL DMRS enhancement should follow the “IFDMA with OCC2” design via the specification of a single RPF value w.r.t the IFDMA/comb structure. An RPF value from among 2, 3 or 4 may be specified, with a preference for lower values.
1.2 IFDMA structure: Offset indication
In addition to the RPF value discussed in Section 3.1, the other parameter that is needed to describe the IFDMA structure is the set of applicable per-RB RE offset values for that structure. An example for the RPF = 2 case is illustrated in Figure 2. 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.
Similar to the RPF = 2 case, the RPF = 3 or 4 cases consist of 3 or 4 sequences, each occupying every 3rd or every 4th RE in each RB, but with RE offsets of {0, 1, 2} or {0, 1, 2, 3} REs, respectively.
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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, each of the “FFS” values can be either 0 or 1. In case both the offset values in a row are the same, i.e., [FFS FFS] = [0 0] or [1 1], the RE offset for a sequence is the same in both slots of each RB, i.e., in both symbols 4 and 11. 
2. 
Similar tables can be constructed for the RPF = 3 or 4 cases. In addition, per-rank indication for the RE offset values may be considered as well, i.e., the indication table may specify the RE offset values as .
3. 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
	

	

	

	

	[FFS   FFS]

	001
	6
	0
	9
	3
	

	

	

	

	[FFS   FFS]

	010
	3
	9
	6
	0
	

	

	

	

	[FFS   FFS]

	011
	4
	10
	7
	1
	

	

	

	

	[FFS   FFS]

	100
	2
	8
	5
	11
	

	

	

	

	[FFS   FFS]

	101
	8
	2
	11
	5
	

	

	

	

	[FFS   FFS]

	110
	10
	4
	1
	7
	

	

	

	

	[FFS   FFS]

	111
	9
	3
	0
	6
	

	

	

	

	[FFS   FFS]


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 [2]. 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 3: 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.  

It may be noted that proposals 1-3 would provide the desired UL DMRS performance enhancement, while maintaining the signalling and DMRS overheads of the legacy design. 
Conclusions 
3 
4 
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: The UL DMRS enhancement should follow the “IFDMA with OCC2” design.

Proposal 2: The UL DMRS enhancement should follow the “IFDMA with OCC2” design via the specification of a single RPF value w.r.t the IFDMA/comb structure. An RPF value from among 2, 3 or 4 may be specified, with a preference for lower values.

[bookmark: _GoBack]Proposal 3: The indication of the sequence offset value w.r.t the IFDMA/comb structure of the enhanced UL DMRS may be specified via:
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· 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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