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1 Introduction
During RAN1#62 meeting it has been agreed that [1]:

· The R8 mapping table is reused for nDMRS,0(2)
· The mapping of CSI to nOCC,0 is FFS
· CS offsets (∆k) for 3 layers are 0, 6, 3 for k=0, 1, 2

· OCC for layer k is derived from CSI considering both SU-MIMO and MU-MIMO

· For 4 of the CSI values: nOCC,k= nOCC,0  for k=1 and nOCC,k=1-nOCC,0 for k=2,3
· FFS the OCC mapping for the other 4 CSI values, one example of the mapping 

· For the second 2 CSI values: nOCC,k= nOCC,0  for k=1,2,3
· For the third 2 CSI values: nOCC,k = 1-nOCC,0, for k=1,3 and nOCC,k=nOCC,0 for k=2
In this contribution, we discuss and propose solutions for the following FFS issues in the above agreement and other relevant issues:

· DM-RS allocation for Rank-3
· OCC/CS implicit mapping table
· UL DMRS assignment in case of PHICH triggered retransmissions.
2 Remaining details in UL-DMRS design
During RAN1#62 meeting in Madrid half of the available 8 DMRS patterns have been agreed. These mappings are optimized for maximum inter-layer spacing in case of SU-MIMO and 3-4 layers/UE.

The 3-bits DMRS dynamic signaling field in the DCI allows the definition of additional 4 UL-DMRS patterns to be signaled dynamically. Even though the CS spacing for these additional patterns is already captured in the current agreement [1], details about the associated OCC sequences are FFS. An example of DMRS mapping which is compliant with the current agreement is shown in Table 1.

Table 1: Example of UL-DMRS mapping according to the current agreement [1].

	Cyclic Shift Field in 

uplink-related DCI format
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	000
	0
	6
	3
	9
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]

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

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

	011
	4
	10
	7
	1
	FFS
	FFS
	FFS
	FFS

	100
	2
	8
	5
	11
	FFS
	FFS
	FFS
	FFS

	101
	8
	2
	11
	5
	FFS
	FFS
	FFS
	FFS

	110
	10
	4
	1
	7
	FFS
	FFS
	FFS
	FFS

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


Some contributions propose that the OCC patterns for the remaining 4 DMRS patterns should be optimized in order to fully support MU-MIMO [2], as exemplified in the Option A mapping (Table 2). 
Table 2: Option A mapping, with support for rank-3 MU-MIMO [2].
	Cyclic Shift Field in 

uplink-related DCI format
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	000
	0
	6
	3
	9
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]

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

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

	011
	4
	10
	7
	1
	[1 1]
	[1 1]
	[1 1]
	[1 1]

	100
	2
	8
	5
	11
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]

	101
	8
	2
	11
	5
	[1 1]
	[1 1]
	[1 1]
	[1 1]

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

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


Some contributions have also emphasized interest in supporting SU-MIMO with maximum inter-layer spacing even in case of rank-2 [3][4], as exemplified in Option B mapping (Table 3). 

Table 3: Option B mapping, with support for rank-3 MU-MIMO and rank-2 SU-MIMO with max separation of layers [3][4].
	Cyclic Shift Field in 

uplink-related DCI format
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	000
	0
	6
	3
	9
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]

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

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

	011
	4
	10
	7
	1
	[1 1]
	[1 1]
	[1 1]
	[1 1]

	100
	2
	8
	5
	11
	[1 1]
	[1 -1]
	[1 1]
	[1 -1]

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

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

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


Other contributions propose instead to replicate patterns based on the same OCC mapping principle of the already agreed subset, thus precluding both MU-MIMO with 3 layers/UE and maximum inter-layer spacing for SU-MIMO with 2 layers [5][6][7], as exemplified in Option C (Table 4).
Table 4: Option C mapping [5][6][7].
	Cyclic Shift Field in 

uplink-related DCI format
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	000
	0
	6
	3
	9
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]

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

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

	011
	4
	10
	7
	1
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]

	100
	2
	8
	5
	11
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]

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

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

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


We believe that the design of the remaining details for UL-DMRS should comply with the following principles:

· Efficiency in the allocation for maximum performance

· Flexibility in order to avoid unnecessary constraints in scheduling and PHICH allocation.
Therefore in the following, in an effort to define the FFS elements in Table 1, we analyze the different options for the design of the remaining patterns and provide scheduling examples. For each scheme we point out pros and cons also taking into account PHICH allocation incompatibilities. Full details about the related assumptions are provided in the Appendix and results are summarized in Table 5.
Table 5: Comparison of different options for the design of the remaining DMRS patterns.

	Example
number
	
	Option A
(support for MU-MIMO)
	Option B
(support for MU-MIMO and optimal SU-MIMO rank-2)
	Option C


	
	Full support to MU-MIMO with rank-3
	Yes
	Yes
	No

	
	Full support to MU-MIMO with rank-4
	Yes
	Yes
	No

	
	Maximum layer separation with SU-MIMO rank-2
	No
	Yes
	No

	(1)
	SU-MIMO rank-4 UEs on up to 4 CCs (cross-carrier scheduling).
	Yes
	Yes
	Yes

	(2)
	MU-MIMO, 2 x rank-2 UEs on up to 4 CCs (cross-carrier scheduling).
	Yes
	Yes
	Yes
(but bad layer spacing)

	(3)
	MU-MIMO, rank-3 + rank-1 UEs, up to 4 CCs (cross-carrier scheduling). Equal BW pairing.
	Yes
	Yes
	Yes
(but bad layer spacing)

	(4)
	MU-MIMO, rank-3 + rank-1 UEs, up to 4 CCs (cross-carrier scheduling). Unequal BW pairing.
	Yes
	No
	No


According to the results provided, Option C appears to lack technical justification as it is outperformed by Option A and Option B both in terms of performance and flexibility. 
On the contrary, Option A is able to provide both good inter-layer spacing and scheduling flexibility without incurring in PHICH collisions, even in the challenging cross-scheduling scenarios evaluated in Table 5. Obviously, Option A is able to avoid PHICH collisions even in the more common settings without cross-carrier scheduling. Furthermore, even though rank-3/4 MU-MIMO might not be considered a high priority feature on a short term perspective, we believe that its adoption should not be precluded by an unnecessarily bad UL-DMRS design.

Option B trades some of the scheduling flexibility of Option A in favour of improved inter-layer spacing for rank-2 SU-MIMO. Figure 1 shows the BLER performance (coderate = 0.75, mod = 64QAM) for rank-2 transmission over a 4x4 system with ETU channel (3km/h) and 6 RBs. The patterns corresponding to CSI=000 and CSI=100 in Option B are compared, showing a marginal gain provided by OCC for rank-2. Therefore, the gain provided by Option B over Option A for rank-2 SU-MIMO appears negligible.
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Figure 1: Impact of OCC on BLER for rank-2 and 4x4, ETU 3km/h, 6RBs.
Based on the provided results our clear preference is for Option A (support for MU-MIMO). However, in case some companies emphasize the need for OCC separation for rank-2 SU-MIMO, Option B (support for MU-MIMO and optimization for SU-MIMO rank-2) could be taken into account as an alternative.
Proposal

· The remaining OCC patterns should be specified according to Option A.

3 DMRS Allocation for PHICH-triggered Retransmissions

For initial transmission or adaptive retransmission, CS and OCC for each layer is derived from the CSI indicated in the UL grant in PDCCH. However, for non-adaptive retransmission, i.e. when a retransmission is triggered by PHICH, CSI is not explicitly indicated for the retransmission and alternative strategies for CS/OCC assignment have been proposed:

· Alt. 1: CS and OCC are determined based on CSI in the latest UL grant in PDCCH and the rank associated to the CW to be retransmitted.
· Alt. 2: keep the same CS and OCC for each layer as the latest PUSCH transmission triggered by UL grant on PDCCH.
We believe that the agreed solution should have minimum complexity and it should require as small as possible standardization effort. Nevertheless, scheduling flexibility should not be limited by UL-DMRS in case of PHICH retransmissions.

Based on the above consideration, we believe that a decision on DMRS allocation for PHICH-triggered retransmissions should be taken only after all details on UL-DMRS for PDCCH-triggered transmissions are agreed.
 Proposal:
· DMRS allocation should require minimum standardization effort and complexity without limiting scheduling flexibility.
· An agreement on DMRS for PHICH-triggered transmission should be discussed only after a full agreement on PDCCH-triggered transmission.
4 Summary

In this contribution we have discussed how to configure UL DM RS for Rel-10 with respect to the FFS bullets in the agreement [1], taking into account performance, flexibility and signaling efficiency requirements for SU/MU-MIMO. Based on these considerations, we propose the following:

· The remaining OCC patterns should be specified according to Option A (Table 2).

· DMRS allocation should require minimum standardization effort and complexity without limiting scheduling flexibility.
· An agreement on DMRS for PHICH-triggered transmission should be reached only after a full agreement on PDCCH-triggered transmission.
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Appendix
In the following we provide details about the mappings assumed in each Option in Section 2 and about the Examples in Table 5. For PHICH allocations a pessimistic FDD setting with 6 RBs/CC, 
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. The baseline agreement for PHICH allocation is assumed [8]. 
4.1 Option A: Example of DMRS mapping for support of rank-3 MU-MIMO

Example (1): 

	CC #
	UE #
	CSI
	CS/layer
	OCC/layer
	PHICH/codeword
(seq, group)

	0
	0
	000
	[0,6,3,9]
	[0,0,1,1]
	[(0,0),(0,1)]

	1
	1
	001
	[6,9,3,0]
	[0,0,1,1]
	[(1,1),(1,0)]

	2
	2
	010
	[3,9,6,0]
	[0,0,1,1]
	[(2,0),(2,1)]

	3
	3
	111
	[9,3,0,6]
	[0,0,1,1]
	[(7,1),(7,0)]


Example (2): 

	CC #
	UE #
	CSI
	CS/layer
	OCC/layer
	PHICH/codeword
(seq, group)

	0
	0
	000
	[0,6]
	[0,0]
	[(0,0),(0,1)]

	0
	1
	010
	[3,9]
	[1,1]
	[(2,0),(2,1)]

	1
	2
	001
	[6,0]
	[1,1]
	[(1,1),(1,0)]

	1
	3
	111
	[9,3]
	[0,0]
	[(7,1),(7,0)]

	2
	4
	100
	[2,8]
	[1,1]
	[(4,0),(4,1)]

	2
	5
	011
	[4,10]
	[0,0]
	[(3,1),(3,0)]

	3
	6
	101
	[8,2]
	[0,0]
	[(5,1),(5,0)]

	3
	7
	110
	[10,4]
	[1,1]
	[(6,0),(6,1)]


Example (3):
	CC #
	UE #
	CSI
	CS/layer
	OCC/layer
	PHICH/codeword
(seq, group)

	0
	0
	010
	[3,9,6]
	[1,1,0]
	[(2,0),(2,1)]

	0
	1
	000
	[0]
	[0]
	[(0,0)]

	1
	2
	111
	[9,3,0]
	[0,0,1]
	[(7,1),(7,0)]

	1
	3
	001
	[6]
	[1]
	[(1,1)]

	2
	4
	011
	[4,10,7]
	[0,0,0]
	[(3,1),(3,0)]

	2
	5
	100
	[2]
	[1]
	[(4,0)]

	3
	6
	110
	[10,4,1]
	[1,1,1]
	[(6,0),(6,1)]

	3
	7
	101
	[8]
	[0]
	[(5,1)]


Example (4):

	CC #
	UE #
	CSI
	CS/layer
	OCC/layer
	PHICH/codeword
(seq, group)

	0
	0
	101
	[8,2,11]
	[0,0,0]
	[(5,1),(5,0)]

	0
	1
	001
	[6]
	[1]
	[(1,1)]

	1
	2
	100
	[2,8,5]
	[1,1,1]
	[(4,0),(4,1)]

	1
	3
	000
	[0]
	[0]
	[(0,0)]

	2
	4
	011
	[4,10,7]
	[0,0,0]
	[(3,1),(3,0)]

	2
	5
	100
	[2]
	[1]
	[(4,0)]

	3
	6
	110
	[10,4,1]
	[1,1,1]
	[(6,0),(6,1)]

	3
	7
	101
	[8]
	[0]
	[(5,1)]


4.2 Option B: Example of DMRS mapping for support of rank-3 MU-MIMO and optimum rank-2 inter-layer suppression

Example (1): 

	CC #
	UE #
	CSI
	CS/layer
	OCC/layer
	PHICH/codeword
(seq, group)

	0
	0
	000
	[0,6,3,9]
	[0,0,1,1]
	[(0,0),(0,1)]

	1
	1
	001
	[6,9,3,0]
	[0,0,1,1]
	[(1,1),(1,0)]

	2
	2
	010
	[3,9,6,0]
	[0,0,1,1]
	[(2,0),(2,1)]

	3
	3
	111
	[9,3,0,6]
	[0,0,1,1]
	[(7,1),(7,0)]


Example (2): 

	CC #
	UE #
	CSI
	CS/layer
	OCC/layer
	PHICH/codeword
(seq, group)

	0
	0
	000
	[0,6]
	[0,0]
	[(0,0),(0,1)]

	0
	1
	010
	[3,9]
	[1,1]
	[(2,0),(2,1)]

	1
	2
	001
	[6,0]
	[1,1]
	[(1,1),(1,0)]

	1
	3
	111
	[9,3]
	[0,0]
	[(7,1),(7,0)]

	2
	4
	100
	[2,8]
	[0,1]
	[(4,0),(4,1)]

	2
	5
	011
	[4,10]
	[0,0]
	[(3,1),(3,0)]

	3
	6
	101
	[8,2]
	[1,1]
	[(5,1),(5,0)]

	3
	7
	110
	[10,4]
	[1,0]
	[(6,0),(6,1)]


Example (3): 

	CC #
	UE #
	CSI
	CS/layer
	OCC/layer
	PHICH/codeword
(seq, group)

	0
	0
	010
	[3,9,6]
	[1,1,0]
	[(2,0),(2,1)]

	0
	1
	000
	[0]
	[0]
	[(0,0)]

	1
	2
	111
	[9,3,0]
	[0,0,1]
	[(7,1),(7,0)]

	1
	3
	001
	[6]
	[1]
	[(1,1)]

	2
	4
	011
	[4,10,7]
	[0,0,0]
	[(3,1),(3,0)]

	2
	5
	101
	[8]
	[1]
	[(5,1)]

	3
	6
	110
	[10,4,1]
	[1,1,1]
	[(6,0),(6,1)]

	3
	7
	100
	[2]
	[0]
	[(4,0)]


Example (4): impossible to achieve.
4.3 Option C: Example of DMRS mapping for support of rank 3-4 SU-MIMO

Example (1): 

	CC #
	UE #
	CSI
	CS/layer
	OCC/layer
	PHICH/codeword
(seq, group)

	0
	0
	000
	[0,6,3,9]
	[0,0,1,1]
	[(0,0),(0,1)]

	1
	1
	001
	[6,9,3,0]
	[0,0,1,1]
	[(1,1),(1,0)]

	2
	2
	010
	[3,9,6,0]
	[0,0,1,1]
	[(2,0),(2,1)]

	3
	3
	111
	[9,3,0,6]
	[0,0,1,1]
	[(7,1),(7,0)]


Example (2): 

	CC #
	UE #
	CSI
	CS/layer
	OCC/layer
	PHICH/codeword
(seq, group)

	0
	0
	000
	[0,6]
	[0,0]
	[(0,0),(0,1)]

	0
	1
	100
	[2,8]
	[1,1]
	[(4,0),(4,1)]

	1
	2
	010
	[3,9]
	[0,0]
	[(2,0),(2,1)]

	1
	3
	011
	[4,10]
	[1,1]
	[(3,1),(3,0)]

	2
	4
	101
	[8,2]
	[1,1]
	[(5,1),(5,0)]

	2
	5
	111
	[9,3]
	[0,0]
	[(7,1),(7,0)]

	3
	6
	001
	[6,0]
	[0,0]
	[(1,1),(1,0)]

	3
	7
	110
	[10,4]
	[1,1]
	[(6,0),(6,1)]


Example (3): 

	CC #
	UE #
	CSI
	CS/layer
	OCC/layer
	PHICH/codeword
(seq, group)

	0
	0
	010
	[3,9,6]
	[0,0,1]
	[(2,0),(2,1)]

	0
	1
	000
	[0]
	[0]
	[(0,0)]

	1
	2
	111
	[9,3,0]
	[1,1,0]
	[(7,1),(7,0)]

	1
	3
	001
	[6]
	[0]
	[(1,1)]

	2
	4
	011
	[4,10,7]
	[1,1,0]
	[(3,1),(3,0)]

	2
	5
	100
	[2]
	[1]
	[(4,0)]

	3
	6
	110
	[10,4,1]
	[1,1,0]
	[(6,0),(6,1)]

	3
	7
	101
	[8]
	[1]
	[(5,1)]


Example (4): impossible to achieve.
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