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1. Introduction
Considering the new uplink transmission scenarios in LTE-A with multiple transmit antennas, the DMRS design for PUSCH should be carefully studied for LTE-A. In the previous discussion, OCC was supported as a complementary to CS for better orthogonality. Especially for MU-MIMO transmission with asymmetric BW, OCC is necessary for orthogonality even in cells with group/sequence hopping. In RAN1#61 meeting, the following conclusions were agreed for uplink DMRS with OCC:
Agreement:

·  Rel-8/9 cell-specific enabling or disabling of SGH is available in Rel-10
· In order to improve the inter-cell interference randomization for MU-MIMO with different bandwidth pairing, 14 companies are OK to consider defining a new mechanism for the Rel-10 and beyond UE if there is no big standardization effort.

· A new mechanism should show benefit in performance
· Continue discussion in the next meeting, including application scenarios
In this contribution, we provide our views on signaling design for UL DMRS with OCC taking sequence/ sequence group hopping into count.

2. Downlink configuration for DMRS with OCC
2.1. Group/sequence hopping configuration in R10

On subframe level hopping
In the last meeting, many contributions claimed that subframe level hopping should be introduced to improve the inter-cell interference randomization for asymmetric MU-MIMO, while OCC is unavailable with slot level hopping. Subframe level hopping provide a sub-optimal solution for collision between OCC and group/sequence hopping(GSH). However, it is unclear that how does it benefit with this new mechanism to the cell spectrum efficiency. As the performance gain of OCC is not very significant, whether it is justified to introduce a new mechanism for such a technology, with additional standardization complexity, needs further study.
Signaling for hopping configuration
No matter whether a new mechanism is introduced, slot level hopping should be disabled in case that OCC is enabled for a UE, especially for asymmetric MU-MIMO. Therefore, UE-specific hopping configuration is needed for UEs with/without OCC. Two options are proposed in the email discussion before the last meeting:
Alt1: Signaling via PDCCH together with CS&OCC configuration.

Advantages:

· The scheduling can be more flexible and accurate. Once transmission case such as high rank SU/MU transmission or asymmetric MU-MIMO is configured via PDCCH, corresponding hopping mechanism can be configured immediately.

Disadvantage:

· Similar to the signaling mechanism in [1], only half of the CS indexes are usable for a certain hopping configuration. In this case, the capability to avoid PHICH resource collision will be restricted.
Alt2: Individual signaling via higher layer.

Advantages:

· All the CS indexes are usable and the scheduling for DMRS configuration and PHICH resource can be more flexible.
Disadvantage:

· Considering the application scenarios of OCC are scheduled via UL grant dynamically (e.g. MU-MIMO), if hopping is semi-statically configured via higher layer signaling, it will be hard to match the application cases.
Both methods have their own drawbacks. However, compared to Alt2 with which the hopping configuration will be useless, some extent of PHICH restriction is relatively acceptable. Hence, we prefer Alt1 a little.
2.2. Signaling for DMRS configuration
In the last meeting, OCC is agreed to be an enhancement to UL DMRS for both SU-MIMO and MU-MIMO without additional signaling overhead. The remaining issue is to provide a signaling scheme for indication of DMRS configuration with OCC. In general, the following points should be considered for the design:
· Both scenarios of SU-MIMO and MU-MIMO should be supported, including the pairing of R8 UEs and R10 UEs. OCC can be exploited in RI=3/4 transmission for SU-MIMO and in most scenarios of MU-MIMO with equal BW, while CS orthogonality should also be supported in those scenarios, considering some cases that OCC is unusable. For MU-MIMO with unequal BWs, OCC is necessary, and orthogonality via CS offset is possibly also needed for part of the multiplexed UEs with equal BW. Furthermore, MU-MIMO with more than rank 2 transmission for one UE should also be supported, as there are 4 or 8 receive antennas at most (e.g. Rank1 UE+Rank3 UE or two Rank3 UEs).
· Considering group/sequence hopping during signaling design if Alt1 is supported in section 2.1. The signaling should include some information to disable slot level GSH (no matter whether a new hopping mechanism is introduced) in case that OCC is necessary for DMRS transmission.
· Reuse the 3 bits CS signaling in R8. The signaling should include all the configuration information of CS, OCC or possible GSH, and some of the information can be indicated implicitly.
A signaling mechanism is introduced in [2] using a linkage between CS index and OCC pattern with only the indication of the CS index for the first DMRS port. Similar designs can be found in [3][4][5]. This mechanism is very simple for scheduling and standardization, but its drawbacks are also significant. On one hand, only few CS index is usable for a UE with a certain rank, and UE is hardly able to avoid PHICH resource collision via scheduling. On the other hand, higher order MU-MIMO can’t be supported by this mechanism (e.g. MU-MIMO transmission of UEs with rank>2).
Another signaling mechanism is mentioned in [1][6] providing different CS&OCC mapping tables for each rank. Although most SU-MIMO and MU-MIMO scenarios, including higher order MU-MIMO transmission, can be supported by this mechanism, the standardization and scheduling complication is considerable. 
In the next section, we make effort to find a mechanism with tradeoff between functionality and simplicity for DMRS signaling.
2.3. Proposed signaling design
Case1: Hopping configuration via PDCCH

An example of design with hopping configuration is shown in Table 1. 
By each indication index, the CS indices, OCC patterns as well as GSH configurations for all four DMRS ports are indicated, and UE can find the configurations for Nth DMRS port in the Nth row of CS index and OCC pattern. 
If GSH is enabled by higher layer signaling in the cell, half of the indices (in light green cells) indicate the patterns disabling slot level GSH, while the others indicate the patterns enabling slot level GSH. In case that GSH is disabled in the cell, all the patterns are usable for OCC without group/sequence hopping. 
In general, in a pattern group with the same hopping type, half of the patterns are designed for SU-MIMO (e.g. index 6,7 in Table1), while the others for MU-MIMO (e.g. index 4,5 in Table1). Nevertheless, if the rank of one UE is not more than 2, all the patterns in the group can be used in spite of the transmission mode (SU/MU).
Table 1: Example of DMRS signaling patterns with 3bits CS indication
(“0” and “1” represent two different OCC patterns, e.g. “0” for [1 1] and “1” for [1 -1])
	Ind. index
	CS index 
	OCC pattern

	
	L1
	L2
	L3
	L4
	L1
	L2
	L3
	L4

	0
	2
	8
	5
	11
	0
	0
	0
	0

	1
	4
	10
	1
	7
	1
	1
	1
	1

	2
	7
	1
	10
	4
	1
	1
	0
	0

	3
	11
	5
	8
	2
	0
	0
	1
	1

	4
	1
	7
	4
	10
	0
	0
	0
	0

	5
	3
	9
	0
	6
	1
	1
	1
	1

	6
	6
	0
	9
	3
	1
	1
	0
	0

	7
	10
	4
	7
	1
	0
	0
	1
	1


The signaling design can also support most SU-MIMO and MU-MIMO scenarios with simpler design. To show the robustness of this design, we give some usage examples based on indication patterns in Table 1.
· SU-MIMO, R10 UE (RI=4), with/without cell level GSH.

	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L3
	L4
	L1
	L2
	L3
	L4

	UE1
	7
	1
	10
	4
	1
	1
	0
	0


· MU-MIMO, 2 R10 UE(RI=2), with/without cell level GSH

a) Same BW                                                                         b) Different BWs
	 UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	2
	8
	0
	0

	UE2
	4
	10
	1
	1

	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	1
	7
	0
	0

	UE2
	3
	9
	1
	1


· MU-MIMO, 2 R10 UE(RI=4), with/without cell level GSH, same/different BWs
	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L3
	L4
	L1
	L2
	L3
	L4

	UE1
	1
	7
	4
	10
	0
	0
	0
	0

	UE2
	3
	9
	0
	6
	1
	1
	1
	1


· MU-MIMO, 4R10 UE(RI=2), with/without cell level GSH, same BW/independent BW for per two UEs
	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	1
	7
	0
	0

	UE2
	10
	4
	0
	0

	UE3
	3
	9
	1
	1

	UE4
	6
	0
	1
	1


· MU-MIMO, 1R8 UE(RI=1), 1R10 UE(RI=1), 1R10 UE(RI=2), 

a) Same BW with/without cell level GSH       b) different BWs between the RI=2 UE and other UEs 
                                                                          without cell level GSH
	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	8
	-
	0
	-

	UE2
	2
	-
	0
	-

	UE3
	11
	5
	0
	0

	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	4
	-
	0
	-

	UE2
	10
	-
	0
	-

	UE3
	6
	0
	1
	1


· MU-MIMO, 2R8 UE(RI=1), 1R10 UE(RI=2), 1R10 UE(RI=2), 
a) Same BW with/without cell level GSH         b) different BWs between the R8 UEs and 10 UEs without cell level GSH
	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	0
	-
	0
	-

	UE2
	6
	-
	0
	-

	UE3
	2
	8
	0
	0

	UE4
	4
	10
	1
	1

	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	4
	-
	0
	-

	UE2
	10
	-
	0
	-

	UE3
	3
	9
	1
	1

	UE4
	6
	0
	1
	1


From the examples, we can find that the proposed design can work well especially in MU-MIMO scenarios. 
Case2: Hopping configuration via higher layer signaling
If the configuration of SGH is individually indicated independent of CS/OCC indication (e.g. via UE-specific higher layer signaling), the design of CS and OCC patterns can be more flexible. In this case, all the patterns in Table1 are usable regardless of the GSH configuration and then the signaling will be more robust. Furthermore, the CS indication in LTE R8 can be reused for the first DMRS port, while the configuration of other ports can be predefined for different indexes. An example is shown in Table2.
Table 2: Example of DMRS signaling patterns with 3bits CS indication without information of GSH

(“0” and “1” represent two different OCC patterns, e.g. “0” for [1 1] and “1” for [1 -1])

	Ind. index
	CS index 
	OCC pattern

	
	L1
	L2
	L3
	L4
	L1
	L2
	L3
	L4

	0
	0
	6
	3
	9
	0
	0
	0
	0

	1
	2
	8
	5
	11
	0
	0
	0
	0

	2
	3
	9
	0
	6
	1
	1
	1
	1

	3
	4
	10
	1
	7
	1
	1
	1
	1

	4
	6
	0
	9
	3
	1
	1
	0
	0

	5
	8
	2
	11
	5
	1
	1
	0
	0

	6
	9
	3
	6
	0
	0
	0
	1
	1

	7
	10
	4
	7
	1
	0
	0
	1
	
1


The only drawback of this type of design is that the CS offset among layers is not maximal for SU-MIMO RI=3 transmission due to the nesting structure of different RIs. However, it is not a problem as the proposed CS offset is enough for channel estimation. In addition, there are multiple usable indices for each hopping configuration even in Case1, and then the PHICH collision can be avoided to a great extent.
3. Conclusions
In this contribution, we further discuss the signaling design for LTE-A uplink DMRS transmission, and provide a way for signaling design taking hopping configuration into count. It is justified that the proposed designs are robust in different application scenarios without additional signaling overhead. To summarize, we propose that:
· It needs further study whether it is justified to introduce a new hopping mechanism.
· Hopping configuration can be signaled via PDCCH together with CS&OCC configuration.
· The proposed signaling design should be considered for indication of DMRS configuration.
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