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1 Introduction

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

Conclusion:

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, the CS/OCC/IFDMA mapping table is discussed, and our views are presented. 
2 Discussion
In last meeting, the following candidates of CS/OCC/IFDMA mapping table were summarized for down selection. Candidate 1 and 3 need one additional DCI bit to indicate new or legacy table. The CSF remains 3 bits for both of the tables. The difference between candidate 1 and 3 is in new table design. On the other hand, candidate 2 reuses existing 3 bits CSF table. The 8 CSF indexes are split into 2 groups to indicate and IFDMA DMRS respectively.
· Candidate 1: Additional one DCI bit is to switch new and legacy table-With new table 1
	Cyclic Shift Field in uplink-related DCI format 
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	IFDMA configuration

	000
	0
	6
	3
	9
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	odd subcarriers

	001
	6
	0
	9
	3
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	odd subcarriers

	010
	3
	9
	6
	0
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	odd subcarriers

	011
	4
	10
	7
	1
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	even subcarriers

	100
	2
	8
	5
	11
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	even subcarriers

	101
	8
	2
	11
	5
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	even subcarriers

	110
	10
	4
	1
	7
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	even subcarriers

	111
	9
	3
	0
	6
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	odd subcarriers


· Candidate 2: Reusing existing 3 bits CSF table-With new table 2
	Cyclic Shift Field in uplink-related DCI format 
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	IFDMA configuration

	000
	0
	6
	3
	9
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	No IFDMA

	001
	6
	0
	9
	3
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	No IFDMA

	010
	3
	9
	6
	0
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	No IFDMA

	011
	4
	10
	7
	1
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	Odd subcarriers

	100
	2
	8
	5
	11
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	Even subcarriers

	101
	8
	2
	11
	5
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	Even subcarriers

	110
	10
	4
	1
	7
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	Odd subcarriers

	111
	9
	3
	0
	6
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	No IFDMA


· Candidate 3: Additional one DCI bit is to switch new and legacy table-With new table 3
	Cyclic Shift Field in 

uplink-related DCI format
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	IFDMA configuration
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For candidate 2, the number of CSFs for legacy and IFDMA DMRS are reduced to 4. The flexibility of CSF allocation is restricted. To reuse existing 3 bits CSF table, the following issues should be considered. 

· As we know, CSF and the lowest PRB index in the first slot of the corresponding PUSCH are used to determine PHICH resource of UE. Different CSF can be used to separate the PHICH resource of UEs. If the CSFs are split for legacy and IFDMA DMRS, the available CSFs for legacy and IFDMA are both reduced, which will have impacts on the flexibility of CSF indication for PHICH resource allocation. 
· For MU-MIMO with unequal RB allocation, OCC can be used to separate DMRS of paired UEs. CSF {011,100,101,110} can support up to 4 layers per UE. With CSF splitting, these CSFs are not available for legacy DMRS. Thereby, in case of MU-MIMO with unequal RB allocation, 4 layers per paired UE cannot be supported when legacy DMRS is used. 
As discussed above, reusing existing 3 bits CSF table will have restriction on PHICH allocation and MU-MIMO scheduling with unequal RB allocation. It is preferred to design a new CSF table for IFDMA DMRS and additional one DCI bit will be needed to switch between new and legacy table. 
Proposal 1: Additional one DCI bit is introduced to switch between new and legacy CS/OCC/IFDMA mapping table.

For the new mapping table design, candidate 1 and 3 illustrate two new alternatives. 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 with different OCC. 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/IFDMA 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 RPF=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. With this principle, new table 3 of candidate 3 is proposed. The new table 3 is absolutely the same as the table below proposal 3 in R1-1608603. 
For new table 1 in candidate 1, the same comb is allocated to the same OCC, such as 001 and 010. And 2 or 4 paired UEs with up to 4 layers per UE cannot be supported in case of MU-MIMO with unequal RB allocation, since the same comb is allocated to CSF subset {011,100,101,110}. 
As discussed above, the new table 3 is proposed for the new CS/OCC/IFDMA mapping table. 
Proposal 2: The table below proposal 3 in R1-1608603 is used for new CS/OCC/IFDMA mapping table.

3 Conclusion

In this contribution, the CS/OCC/IFDMA mapping table design is discussed.  Hence, we propose:

Proposal 1: Additional one DCI bit is introduced to switch between new and legacy CS/OCC/IFDMA mapping table.

Proposal 2: The table below proposal 3 in R1-1608603 is used for new CS/OCC/IFDMA mapping table.
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