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1. Introduction
One of objectives in [1] in Release 14 is to “Evaluate and, if needed, specify enhancement on Uplink DMRS enhancement, to support (more than 2) orthogonal DMRS for MU-MIMO with partially overlapping BWs allocation”. In RAN1#86 meeting, proposals for UL DMRS enhancement were raised, with following conclusion in [2].

· Support orthogonal DMRS (more than 2) for MU-MIMO with partial overlapping BW allocation by

· IFDMA with at least RPF 2 
· FFS: RPF 4 
IFDMA with RPF 2 (and possible RPF 4) is agreed to multiplex more than two UEs for UL MU-MIMO. In this contribution, we have proposed several candidate schemes to include IFDMA with RPF 2 and 4 into dynamic downlink control signaling (DCI) message.
2. Control Signalling with IFDMA
In LTE specification, eNB sends the UL DMRS configuration information to UE with DCI. DCI format 0 and 4 are used for the scheduling of PUSCH in one UL cell. However, the current DCI format 0/4 can only support up to two orthogonal UL DMRS ports with partial BW overlapping. Therefore, modification to DCI format 0 and DCI format 4 may be required to support more orthogonal UL DMRS ports with IFDMA. 
If three or four UEs are paired together for UL MU-MIMO, two UEs can be assigned with the same OCC and different IFDMA combs, or the same IFDMA combs and different OCC to maintain orthogonal. Therefore, the UE needs to know at least following information about IFDMA:  

· whether IFDMA is activated or not, namely whether the UE will send UL DMRS over all PUSCH subcarriers or interleaved PUSCH subcarriers.
· IFDMA comb, i.e. which subcarriers for UL DMRS to transmit on. If both RPF 2 and 4 are supported in R14, RPF is implicitly indicated by IFDMA comb.
For the first information, generally we can follow Rel-13 design methodology by using high layer signaling to switch the capability of UL DMRS. Therefore, a Rel-14 UE may be configured with two different UL DMRS configuration tables and switched semi-statically. Candidates of the new table will be discussed in Section 3 below. For the second information, OCC, CS and IFDMA shall be jointly coded within a new table with 3 or 4 bits in DCI formats 0 and 4. 
Proposal 1: High layer signaling shall be used to switch UL DMRS configuration tables if a new table is supported and configured for the UE. 
Proposal 2: IFDMA comb, i.e. which subcarriers for UL DMRS, shall be jointly coded with CS and OCC in UL-related DCI formats with 3 or 4 bits.
3. DCI Modification with IFDMA
Table 5.5.2.1.1-1 of [3] defines mapping relationship between 3-bit control signaling and cyclic shift, OCC code. To add IFDMA configuration into this table, several proposals are given in terms of CS field size, whether IFDMA RPF 4 is to be supported in R14 and whether no-IFDMA configuration is included.
Solutions 1 and 2 keep 3-bit Cyclic Shift field and don’t support IFDMA with RPF 4. If IFDMA with RPF 4 is to be supported, solution 4 and 5 are generated on top of solution 1 and 2 with 1 more CS bit.

If both RPF 2 and 4 are to be supported, theoretically RPF 4 design can cover the requirement of RPF 2. For example, two UEs use comb 1 and 3 leaving another 2 combs empty, but this unnecessarily results in a waste of UL DMRS resources and channel estimation loss. Therefore, the proposal of simultaneous RPF 2 and RPF 4 in a new table is given. This also enables eNB to dynamically switch between RPF 2 and RPF 4 by DCI signaling. 

	Solution 1, 3 and 4 have entries for no-IFDMA. No-IFDMA entry indicates the legacy method that the UE shall use all continuous subcarriers. If no-IFDMA is included in the new table, eNB can switch dynamically between IFDMA and no-IFDMA by DCI. Otherwise IFDMA can only be activated or deactivated by a high layer parameter.
　
	Cyclic Shift field size
	no IFDMA
	IFDMA with RPF 2
	IFDMA with RPF 4

	Solution 1
	3 bits
	
	
	

	Solution 2
	3 bits
	
	
	

	Solution 3
	4 bits
	
	
	

	Solution 4
	4 bits
	
	
	

	Solution 5
	4 bits
	
	
	


3.1 Solution 1: 3-bit table for no-IFDMA and IFDMA with RPF 2 
Overall the design principle with 3 bits control signaling is to reuse the current 3-bit cyclic shift field in Table 5.5.2.1.1-1 of [3] as much as possible. Our design principle is to have a large CS separation for a pair of odd and even IFDMA combs with the same OCC code, e.g. 100 and 111, and a large CS separation for the same even/odd REs but with different OCC codes, e.g. 100 and 101. Therefore, a column for IFDMA configuration was added into the table. Four entries are reserved with no-IFDMA. Other four entries are reserved with IFDMA, where two for odd subcarriers and two for even subcarriers.
One example is given as below: 
	Cyclic Shift Field in 

uplink-related DCI format [3]
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	IFDMA configuration

	000
	0
	6
	3
	9
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	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]
	odd subcarriers

	011
	4
	10
	7
	1
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	no-IFDMA

	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]
	no-IFDMA

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


3.2 Solution 2: 3-bit table for IFDMA with RPF 2
The difference between solution 2 and solution 1 is whether there are some entries reserved for no-IFDMA. When IFDMA is activated by a high layer parameter, solution 1 allows eNB and UE to switch between IFDMA and no-IFDMA by DCI. On the other hand, in solution 2 IFDMA can only be activated or deactivated by high layer signaling.
One example is given as below: 
	Cyclic Shift Field in uplink-related DCI format [3]
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	OCC
	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


3.3 Solution 3: 4-bit table for no-IFDMA and IFDMA with RPF 2
Solution 3 is a combination of legacy table and Solution 2. In this solution the 3-bit Cyclic Shift field is extended by adding one bit at the beginning to indicate if IFDMA is used for UL DMRS. The first eight entries are the same as Table 5.5.2.1.1-1 of [3] and rest eight entries are the same with Solution 2 with IFDMA RPF 2.
One example is given as below: 
	Cyclic Shift Field in uplink-related DCI format [3]
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	OCC
	IFDMA Configuration

	0000
	0
	6
	3
	9
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	no-IFDMA

	0001
	6
	0
	9
	3
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	no-IFDMA

	0010
	3
	9
	6
	0
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	no-IFDMA

	0011
	4
	10
	7
	1
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	no-IFDMA

	0100
	2
	8
	5
	11
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	no-IFDMA

	0101
	8
	2
	11
	5
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	no-IFDMA

	0110
	10
	4
	1
	7
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	no-IFDMA

	0111
	9
	3
	0
	6
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	no-IFDMA

	1000
	0
	6
	3
	9
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	odd subcarriers

	1001
	6
	0
	9
	3
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	odd subcarriers

	1010
	3
	9
	6
	0
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	odd subcarriers

	1011
	4
	10
	7
	1
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	even subcarriers

	1100
	2
	8
	5
	11
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	even subcarriers

	1101
	8
	2
	11
	5
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	even subcarriers

	1110
	10
	4
	1
	7
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	even subcarriers

	1111
	9
	3
	0
	6
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	odd subcarriers


This solution can also be realized by adding 1 separate DCI bit and combing legacy and new 3-bit tables, as suggested in [5]. Specifically, 1 bit, where value 0 indicates IFDMA is not activated and value 1 indicates IFDMA is activated, just like the first bit in Cyclic Shift field in above table. 
3.4 Solution 4: 4-bit table for no-IFDMA and IFDMA with RPF 2 and 4

In this solution the 3-bit Cyclic Shift field is extended by adding one bit to support both no-IFDMA and IFDMA with RPF 2 and 4 configurations. The first eight entries are the same as Solution 1. The last eight entries are for IFDMA RPF 4.
	Cyclic Shift Field in uplink-related DCI format [3]
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	OCC
	　IFDMA Configuration
	Note

	0000
	0
	6
	3
	9
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	no-IFDMA
	　

	0001
	6
	0
	9
	3
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	no-IFDMA
	　

	0010
	3
	9
	6
	0
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	odd subcarriers
	RPF=2

	0011
	4
	10
	7
	1
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	no-IFDMA
	　

	0100
	2
	8
	5
	11
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	even subcarriers
	RPF=2

	0101
	8
	2
	11
	5
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	even subcarriers
	RPF=2

	0110
	10
	4
	1
	7
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	no-IFDMA
	　

	0111
	9
	3
	0
	6
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	odd subcarriers
	RPF=2

	1000
	0
	6
	3
	9
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	comb3
	RPF=4

	1001
	6
	0
	9
	3
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	comb3
	

	1010
	3
	9
	6
	0
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	comb1
	

	1011
	4
	10
	7
	1
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	comb4
	

	1100
	2
	8
	5
	11
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	comb2
	

	1101
	8
	2
	11
	5
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	comb2
	

	1110
	10
	4
	1
	7
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	comb4
	

	1111
	9
	3
	0
	6
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	comb1
	


3.5 Solution 5: 4-bit table for IFDMA with RPF 2 and 4
In this solution the 3-bit Cyclic Shift field is extended by adding one bit to configure 8 entries for IFDMA RPF 2 and another 8 entries for IFDMA RPF 4. The first eight entries for RPF 2 are the same as Solution 2. 
This solution needs a separate DCI bit to indicate if IFDMA is activated. If IFDMA is not activated, the legacy mapping table is used. Otherwise, below table is used.

	Cyclic Shift Field in uplink-related DCI format [3]
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	OCC
	　IFDMA Configuration
	Note

	0000
	0
	6
	3
	9
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	odd subcarriers
	RPF=2

	0001
	6
	0
	9
	3
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	odd subcarriers
	

	0010
	3
	9
	6
	0
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	odd subcarriers
	

	0011
	4
	10
	7
	1
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	even subcarriers
	

	0100
	2
	8
	5
	11
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	even subcarriers
	

	0101
	8
	2
	11
	5
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	even subcarriers
	

	0110
	10
	4
	1
	7
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	even subcarriers
	

	0111
	9
	3
	0
	6
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	odd subcarriers
	

	1000
	0
	6
	3
	9
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	comb3
	RPF=4

	1001
	6
	0
	9
	3
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	comb3
	

	1010
	3
	9
	6
	0
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	comb1
	

	1011
	4
	10
	7
	1
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	comb4
	

	1100
	2
	8
	5
	11
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	comb2
	

	1101
	8
	2
	11
	5
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	comb2
	

	1110
	10
	4
	1
	7
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	comb4
	

	1111
	9
	3
	0
	6
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	comb1
	


Proposal 3: Adopt one of above solutions for uplink-related DCI control signaling for supporting UL DMRS with IFDMA. 
4 Some Remaining Issues 
4.1 PHICH resources collision
According to 36.213, CS field is closely related to PHICH resources, identified by the index pair[image: image11.wmf])
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Table 9.1.2-2 in 36.213 defines the mapping between 
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 and the 3-bit Cyclic Shift for DMRS field, quoted below. 
Table 9.1.2-2: Mapping between 
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 and the cyclic shift for DMRS field
 in PDCCH with uplink DCI format in [4]
	Cyclic Shift for DMRS Field in PDCCH 
with uplink DCI format in [4]
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	000
	0

	001
	1

	010
	2

	011
	3

	100
	4

	101
	5

	110
	6

	111
	7


Table 9.1.2-2 only matches 3-bit Cyclic Shift field to 
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. Therefore, if a 4-bit mapping table is used, e.g. Solution 3, 4 and 5 in Section 3, it is proposed to reuse the table but use the last three digits of Cyclic Shift field to get 
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Proposal 4: If a 4-bit Cyclic Shift field table is adopted, the last three bits of CSF can be used to get PHICH index.
PHICH resources among UEs may collide and are determined by two factors, the lowest PUSCH PRB index and 
[image: image20.wmf]DMRS
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. If the lowest PUSCH PRB indexes collide between co-scheduled UEs, eNB should avoid collision of the last three bits of Cyclic Shift fields for these UEs if a 3 or 4-bit table is adopted.
The basic principle of 3-bits or 4-bits CSF table design in Solutions 1~5 is to ensure that if two entries of CSF table have the same last 3-bits of CSF, both entries will be assigned with the common CS, OCC and partially overlapped REs (i.e. between no-IFDMA and RPF2 or between RFP2 and RPF4). Therefore, UL MU-MIMO scheduler is prevented to co-schedule UEs with the same lowest PUSCH PRB index and also with the same last 3-bits of CSF due to non-orthogonal UL DMRL ports. The maximal number of co-scheduled UEs with partial overlapped PRB allocation will be determined by a combination of values of OCC and RPF.   

Observation: The possibility of PHICH resource collision is the same with legacy releases, if the last three bits of Cyclic Shift field can be used to get PHICH index. 
This collision of last three bits of CSF can be divided into two categories, between two R14 IFDMA UEs and between legacy UE and R14 IFDMA UE. 
· For the first category, collision between R14 IFDMA UEs would happen for 4-bit tables, i.e. solution 4 and 5, between IFDMA RPF4 UE and IFDMA RPF2 UE. For both solutions, the OCC configuration of lower eight entries were the same from upper eight entries, which means the pair of two rows with the same last three bits of CSF have the SAME OCC configuration but different IFDMA RPF. For example 0111, with OCC[1 1] and RPF2 vs. 1111 with OCC[1 1] and RPF4. But in case of 6-UE UL MU-MIMO, four UEs with IFDMA RPF4 would use a OCC configuration DIFFERENT from the two UEs with IFDMA RPF2. Thus this category of PHICH resource collision would not happen between RPF4 and RPF2 UEs.
· For the second category, collision between legacy and R14 IFDMA UE, as R14 UE and legacy UE are configured with the newly defined table and legacy table respectively, no matter which proposed new table solution is adopted. But Solutions 1 and 4 have entries inherited from legacy table for no-IFDMA case. So if these entries are allocated to legacy UE, no PHICH collision will happen with its co-scheduled R14 IFDMA UE. For Solutions 2, 3 and 5, eNB has to allocate CS field with different last three bits for legacy UE and IFDMA UE to avoid PHICH collision.
4.2 Different cyclic shifts for length-6 UL DMRS sequences

Since it may prefer to reuse the length-6 UL DMRS design in [4], cyclic shifts for length-6 DMRS are different from R8 UL DMRS design.
· For each of the 6-tone base DMRS sequence, four cyclic shifts are defined as 𝑟 ̅(𝑛)=𝑒^(𝑗 2𝜋/6 𝛼𝑛) 𝑟(𝑛),  where r(n) is a base sequence, 0≤𝑛<5 and 𝛼 is the cyclic shift 𝛼={0, 1, 2, 4}
Therefore, if IFDMA is used over one PRB PUSCH, cyclic shifts of length-6 DMRS shall be refined for some entries with comb. Depending on specific design of table, the indication of CS of length-6 DMRS shall be FFS with a separated table reserved for the special case of one PRB PUSCH with IFDMA RPF 2 or two PRB PUSCH with IFDMA RPF 4.
5. Conclusions
In this contribution, we present our view on control signalling for UL DMRS with IFDMA.
Proposal 1: High layer signaling shall be used to switch UL DMRS configuration tables if a new table is supported and configured for the UE. 

Proposal 2: IFDMA comb, i.e. which subcarriers for UL DMRS, shall be jointly coded with CS and OCC in UL-related DCI formats with 3 or 4 bits.
Proposal 3: Adopt one of above solutions for uplink-related DCI control signaling for supporting UL DMRS with IFDMA. 
Proposal 4: If a 4-bit Cyclic Shift field table is adopted, the last three bits of CSF can be used to get PHICH index.
Observation: The possibility of PHICH resource collision is the same with legacy releases, if the last three bits of Cyclic Shift field can be used to get PHICH index. 
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Appendix

Table 5.5.2.1.1-1: Mapping of Cyclic Shift Field in uplink-related DCI format to 
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