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1 Introduction

In RAN1#86 meeting, the following on IFDMA DMRS was agreed [1].

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 during this week which new IFDMA sequence lengths (if any) shall be supported and designed
· If any 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 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
In this contribution, the downlink control signaling design to support IFDMA DMRS is discussed, and our views are presented. 
2 Discussion
For legacy DMRS, the cyclic shift and OCC is indicated by Cyclic Shift Field (CSF) in uplink-related DCI format. The legacy mapping table is as below [2]. 

Table 1: Mapping of Cyclic Shift Field in uplink-related DCI format to 
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For MU-MIMO, the paired UEs can be indicated with different CSF to maintain the orthogonality between their DMRS. With the introduction of IFDMA, Comb of DMRS should also be indicated to UE. The introduction of IFDMA DMRS mainly aims at more orthogonal ports in case of MU-MIMO with unequal RB allocation. A new mapping table can be defined to indicate CS/OCC/Comb in case of MU-MIMO with unequal RB allocation in Rel-14. The new mapping table is only used by the UEs using IFDMA DMRS. Then a new table can be defined independently in Rel-14 and there is no change to legacy table. Less standard efforts are required. Additional bit in DCI is needed to indicate one of the mapping tables. For RPF=2 or 4, 1 or 2 bits are needed respectively. 
Proposal 1: A new mapping table is introduced to indicate CS/OCC/Comb for Rel-14 UEs using IFDMA DMRS. 
Proposal 2: Additional bit in DCI is introduced to indicate one of the mapping tables.
In Rel-13, in case of MU-MIMO with unequal RB allocation, only OCC can be used to separate DMRS of paired UEs. With OCC2, up to two UEs can be co-scheduled. The OCC of paired UEs should be different. For the MU-MIMO with unequal RB allocation, the following are observed from current CS/OCC table.
· For each CSF in the set {000,001,010,111}, the OCC of layer 1 and 2 are different from that of layer 3 and 4. For the MU-MIMO with unequal RB allocation, if the number of layer is up to 2 per UE, 2 CSF with different OCC of layer 1 and 2 can be chosen from CSF {000,001,010,111}, e.g. {000,001}. However, if the number of layer is up to 4 per UE, CSF {000,001,010,111} cannot be chosen, since the same OCC appears between paired UEs. Thereby, CSF {000,001,010,111} can only support up to 2 layers per UE in case of MU-MIMO with unequal RB allocation.

· For each CSF in the set {011,100,101,110}, the OCC of layer 1 to 4 are the same. For the MU-MIMO with unequal RB allocation, if the number of layer is up to 2 per UE, 2 CSF can be chosen from all the CSF as long as they have different OCC for layer 1 and 2. If the number of layers is up to 4 per UE, 2 CSF with different OCC of layer 1 to 4 can only be chosen from CSF {011,100,101,110}. The candidates include {{011,101}, {011,110}, {100,101}, {100,110}}. Thereby, CSF {011,100,101,110} can support up to 4 layers per UE in case of MU-MIMO with unequal RB allocation.

Observation: In Rel-13, for the MU-MIMO with unequal RB allocation:

· If the number of layer is up to 4 per UE, the CSF of 2 paired UEs can only be chosen from CSF {011,100,101,110}.
· If the number of layer is not larger than 2 per UE, the CSF of 2 paired UEs can be chosen from all the CSF, as long as they have different OCC for layer 1 and 2.
Based on the above observation, for the new CS/OCC/Comb mapping table, in case of MU-MIMO with unequal RB allocation, OCC and Comb can be used jointly to separate DMRS of paired UEs. With OCC2 and RFP=2, up to 4 UEs can be co-scheduled. Either OCC or Comb of paired UEs should be different for all the layers. To be consistent, the number of bits for CSF remains 3 in the new table. Considering the support of MU-MIMO with up to 2 and 4 layers respectively, the mapping of Comb to OCC can be defined based on the following principle.

· For CSF subset {011,100,101,110}, different Combs are mapped to the CSFs with same OCC from layer 1 to layer 4. That is, the Combs of {011} and {100} are different. The Combs of {101} and {110} are different. Thereby, 4 paired UEs with up to 4 layers per UE can be supported in case of MU-MIMO with unequal RB allocation.
· For CSF subset {000,001,010,111}, different Combs are mapped to the CSFs with the same OCC from layer 1 to layer 4. That is, the Combs of {000} and {111} are different and the Combs of {001} and {010} are different. Thereby, 4 paired UEs with up to 2 layers per UE can be supported in case of MU-MIMO with unequal RB allocation.
Within each of the two CSF subsets above, the OCC from layer 1 to 4 of CSFs may be the same or different. The CSFs with same OCC from layer 1 to 4 should be mapped to different combs. 

For IFDMA DMRS with RPF=4, similar principle can be followed for the new CS/OCC/Comb mapping table. 

Proposal 3: In CS/OCC/Comb mapping table design, different Combs are mapped to the CSFs with the same OCC from layer 1 to layer 4. 

One example of CS/OCC/Comb mapping table for RPF=2 is illustrated below, which satisfies the above principle. 
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For PRF=4, to support up to 4 layers for the paired UEs, the same OCC for all layers are used for each CSF. One example of CS/OCC/Comb mapping table for RPF=4 is illustrated below, which also satisfies the above principle. 
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In the case of reduced DMRS sequence length, the available cyclic shifts are also reduced. The CS field in the table will also need to be reduced, e.g. based on a reduction rule. The details can be further studied. 

3 Conclusion

In this contribution, downlink control signaling design is discussed.  Hence, we propose:

Proposal 1: A new mapping table is introduced to indicate CS/OCC/Comb for Rel-14 UEs using IFDMA DMRS. 
Proposal 2: Additional bit in DCI is introduced to indicate one of the mapping tables.
Proposal 3: In CS/OCC/Comb mapping table design, different Combs are mapped to the CSFs with the same OCC from layer 1 to layer 4. 
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