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Introduction
In RAN1#86bis, the following conclusion was reached on joint CS/OCC/IFDMA mapping table for UL DMRS [1]: 
Conclusions: 
CS/OCC/IFDMA Mapping Table:
· Down-select at RAN1#87 one solution from the two candidates on slides 6 & 7 in R1-1610591, or the table below Proposal 3 in R1-1608603,  for joint CS/OCC/IFDMA indication
· Note: if intra-subframe Comb hopping is supported, comb id or IFDMA configuration in the tables refers to comb id in slot #0 for two slots of a subframe. FFS comb id in the slot #1.  

In this contribution, we discuss the choice for the CS/OCC mapping table with IFDMA.  
Discussion
Design Principles
The main motivation of introducing IFDMA for UL DMRS was to increase the number of orthogonal DMRS ports from 2 to 4. Therefore, the CSF table design should allow up to 4 UEs to be paired for uplink MU-MIMO over partially overlapped bandwidth with 4 orthogonal ports, i.e. two UEs on even subcarriers and the other two on odd subcarriers.  Between the two UEs on the same subcarriers, different OCC2 codes can be allocated for orthogonality.  In this case, cyclic shift separation between the UEs is not a concern.

Observation 1:  Joint CS/OCC/IFDMA mapping table design should support up to four orthogonal DMRS ports. 

For SU-MIMO or MU-MIMO with the same scheduled bandwidth, non-IFDMA can be configured for better channel estimation performance and inter-cell interference randomization. While for MU-MIMO over partially overlapped bandwidth and up to four UEs, IFDMA may be used to allow up to four UEs to be paired with orthogonal DMRS ports. Since scheduling can change dynamically between SU-MIMO and MU-MIMO, and for MU-MIMO, the UEs involved and the scheduling bandwidth can change due to factors such as link changes, load changes, packet arrival, arrival of new and legacy UEs, etc. It is desirable to be able to switch between non-IFDMA and IFDMA dynamically.

Observation 2:  Joint CS/OCC/IFDMA mapping table should support dynamic switching between non-IFDMA and IFDMA. 

Adding more bits to uplink DCI format 0 will not only add control channel overhead, but also has an impact on downlink DCI format 1A.  There are discussions of adding more bits in uplink DCI for other eFD-MIMO features in Rel-14, thus the overhead can be quickly adding up.  So it is desirable to reuse exiting DCI fields as much as possible.

Observation 3:  It is desirable to reuse existing DCI fields as much as possible and avoid adding new bits to uplink related DCI.


Candidate Tables from [2]
Two joint CS/OCC/IFDMA mapping table candidates were proposed in [2].  In candidate #1, a new table would be introduced for IFDMA as shown in Table 1.  To use this table, a one-bit indicator in UL related DCI is required to differentiate the table used with IFDMA from the table used for RPF=1, i.e. non-IFDMA.  The table of candidate #1 allocates 4 codepoints to odd subcarriers and 4 codepoints to even subcarriers.  In candidate #2, a new table is RRC configured to the release 14 UEs with IFDMA as shown in Table 2.  The table in candidate #2 allocates 4 codepoints to non-IFDMA and 4 codepoints to IFDMA.  This table does not require any new bits to be added to UL related DCI.

Table 1: Joint CS/OCC/IFDMA Mapping Table Candidate #1
 [image: ]


Table 2: Joint CS/OCC/IFDMA Mapping Table Candidate #2 
[image: ]

The two joint CS/OCC/IFDMA table candidates both support up to four orthogonal DMRS ports with combination of OCC2 and comb values.  Furthermore, the two tables can support dynamic switching between non-IFDMA and IFDMA.  In the case of candidate #1, the legacy CS/OCC mapping table will be used in the case of non-IFDMA and Table 1 will be used in the case of IFDMA.  The non-IFDMA and IFDMA cases for candidate #1 are differentiated using a new bit added to UL related DCI.  For candidate #2, the mapping table shown in Table 2 can support dynamic switching between non-IFDMA and IFDMA without the need to add a new bit to UL related DCI.  Hence, we make the following observation and proposal:

Observation 4: Joint CS/OCC/IFDMA mapping table candidate #2 allows for dynamic switching between non-IFDMA and IFDMA without increasing DCI overhead.

Proposal 1: Adopt candidate #2 as the joint CS/OCC/IFDMA mapping table for enhanced UL-DMRS in eFD-MIMO.

 
Conclusion
In this contribution, we present our view on the joint CS/OCC/IFDMA mapping table for enhanced UL-DMRS in eFD-MIMO.  The following observations and proposal are made:

Observation 1:  Joint CS/OCC/IFDMA mapping table design should support up to four orthogonal DMRS ports.
Observation 2:  Joint CS/OCC/IFDMA mapping table should support dynamic switching between non-IFDMA and IFDMA.
Observation 3:  It is desirable to reuse existing DCI fields as much as possible and avoid adding new bits to uplink related DCI.
Observation 4: Joint CS/OCC/IFDMA mapping table candidate #2 allows for dynamic switching between non-IFDMA and IFDMA without increasing DCI overhead.

Proposal 1: Adopt candidate #2 as the joint CS/OCC/IFDMA mapping table for enhanced UL-DMRS in eFD-MIMO.
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