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1. Introduction
The design of CS&OCC signaling was discussed in the past meetings and some agreements were made in RAN1#62 meeting for CS&OCC signaling as followings:
Agreement:
· 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
Hopping configuration is also a key factor for DMRS configuration on which no decision has been made by now. In this contribution, we provide our views on details of signaling design for UL DMRS with OCC taking sequence/ sequence group hopping into count.
2. Downlink signaling for DMRS with OCC
2.1. Group/sequence hopping configuration in R10
On subframe level hopping
During the previous discussion, many contributions claimed that subframe level hopping should be introduced to improve the inter-cell interference randomization for asymmetric MU-MIMO transmission. Subframe level hopping provides a sub-optimal solution for collision between OCC and group/sequence hopping (SGH). In [1], the performance of channel estimation with different hopping mechanisms is studied and subframe hopping shows slightly lower MSE compared to no-hopping in low SNR. However, when it comes to cell spectrum efficiency, the gain would be negligible since only a fraction of UEs will be configured without slot level SGH. As the performance gain of OCC is not very significant, whether it is justified to introduce a new mechanism for such a technology at the cost of 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 applied for a UE, especially for asymmetric MU-MIMO transmission. Therefore, UE-specific hopping configuration is needed for UEs with/without OCC. Two options are proposed in the previous discussion:
Alt.1: PDCCH Signaling together with CS&OCC configuration.

Pros:

· The scheduling can be more flexible and well-suited. Once transmission case such as high rank SU/MU transmission or asymmetric MU-MIMO is configured via UL grant, corresponding hopping mechanism can be configured simultaneously.

Cons:

· As the signaling mechanism shown in section 2.2, only half of the CS indexes are usable for a certain hopping configuration. In this case, the scheduling flexibility and capability to avoid PHICH resource collision will be restricted.
Alt.2: Individual indication via higher layer signaling
Pros:

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

· Considering the transmission calling for OCC is dynamically scheduled via UL grant (e.g. asymmetric MU-MIMO), if hopping is semi-statically configured via higher layer signaling, it will be hard to match the requirements of current UL transmission.
Both methods have their own drawbacks. However, compared to Alt.2, with which the hopping configuration may be helpless, some extent of PHICH restriction is relatively acceptable, since the usable CS indices are sufficient in most cases. Hence, Alt.1 is our preference. In addition, whether hopping configuration is indicated via PDCCH should be considered during design of CS&OCC signaling since it is highly concerned with the design of mapping table.
2.2. Consideration on CS&OCC signaling
Remaining issues on OCC mapping
Considering there are four (or even eight) receive antennae in BS, MU multiplexing between RI=1(or even larger RI) UE and RI=3 UE should be considered for CS&OCC signaling design. Furthermore, symmetric MU-MIMO for RI=3/4 UEs should not be excluded in the design of OCC patterns. To support higher order MU-MIMO, we recommend exploiting at least parts of remaining CSI values to allocate the same OCC pattern in all DMRS ports.
It was claimed in [2] to exploit OCC for case of two layers SU-MIMO transmission to obtain additional performance gain in high SNR scenarios. While we are not sure how many benefits can this proposal bring to SU-MIMO transmission, it clearly does harm to MU-MIMO transmission due to reduced usable CSI values, especially for MU-MIMO with asymmetric BWs. As half of the CSI values had been allocated for SU-MIMO scenarios, special definition of some other CSI values for rank=2 SU-MIMO scenarios will weaken the flexibility and the capability to avoid PHICH collision in MU-MIMO scenarios. Furthermore, whether implicitly indicating hopping configuration via CSI is still open, and the design of OCC mapping should not eliminate the capability of implicit signaling. 
We also provide some simulation results for the interested scenario below. From figures 1-2, it is observed that OCC provides only little gain for 2 layers transmission. The same conclusion can be made from contributions [4-6]. Even in large channel delay scenarios (TU), it is hardly worthwhile to assign any CSI value just for this case. Hence, we propose that all of the remaining CSI values should be used for MU-MIMO scenarios with the same OCC pattern in all DMRS ports as proposed in [3].
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        Figure.1 Performance of two layers SU-MIMO              Figure.2 Performance of two layers SU-MIMO
 transmission with/without OCC (UrbanMacro)                      transmission with/without OCC  (TU) 
Example of DMRS signaling without hopping information
Based on current agreements and above discussion on CS&OCC signaling, an example of CS&OCC mapping table is shown in Table1, assuming that hopping configuration is not indicated via CSI. In this case, all the indices are enabled regardless of hopping configuration.
Table 1: Example of DMRS signaling table without information of hopping configuration
(“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
	6
	0
	9
	3
	1
	1
	1
	1

	2
	3
	9
	6
	0
	0
	0
	1
	1

	3
	4
	10
	7
	1
	1
	1
	0
	0

	4
	2
	8
	5
	11
	0
	0
	0
	0

	5
	8
	2
	11
	5
	1
	1
	1
	1

	6
	10
	4
	1
	7
	0
	0
	1
	1

	7
	9
	3
	0
	6
	1
	1
	0
	0


To show the robustness, we give some usage examples based on the indication patterns in Table 1. From the examples, we can find that by simple scheduling the proposed design can work well in various SU-MIMO and MU-MIMO scenarios with good orthogonality.
· SU-MIMO, R10 UE (RI=4), with/without cell level SGH
	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L3
	L4
	L1
	L2
	L3
	L4

	UE1
	3
	9
	6
	0
	0
	0
	1
	1


· MU-MIMO, 2 R10 UE(RI=2), same BW or different BWs
	 UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	0
	6
	0
	0

	UE2
	9
	3
	1
	1


· MU-MIMO, 2 R10 UE(RI=4), same BW or different BWs 
	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L3
	L4
	L1
	L2
	L3
	L4

	UE1
	0
	6
	3
	9
	0
	0
	0
	0

	UE2
	8
	2
	11
	5
	1
	1
	1
	1


· MU-MIMO, 4R10 UE(RI=2), same BW or different BWs between UE1/2 and UE3/4
	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	0
	6
	0
	0

	UE2
	3
	9
	0
	0

	UE3
	6
	0
	1
	1

	UE4
	9
	3
	1
	1


· MU-MIMO, 1R8 UE(RI=1), 1R10 UE(RI=1), 1R10 UE(RI=2), same BW or different BWs between the RI=2 UE and other UEs 
	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	0
	-
	0
	-

	UE2
	6
	-
	0
	-

	UE3
	9
	3
	1
	1


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

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	0
	-
	0
	-

	UE2
	6
	-
	0
	-

	UE3
	2
	8
	0
	0

	UE4
	10
	4
	0
	0

	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	4
	-
	0
	-

	UE2
	10
	-
	0
	-

	UE3
	6
	0
	1
	1

	UE4
	9
	3
	1
	1


a)  Same BW                                                      b) different BWs between the R8 UEs and 10 UEs
Example of DMRS signaling with hopping information

If implicit signaling for hopping configuration is included in CSI indication, the CSI values in the mapping table should be assigned to indicate different hopping configurations. For instance, if cell level SGH is enabled by higher layer signaling, half of the indices (green rows) indicate the patterns disabling slot level SGH, while the others indicate the patterns enabling slot level SGH. In case that SGH is disabled in the cell, all the patterns are usable for OCC without SGH similar to Table1. 
Table 2: Example of DMRS signaling table with information of hopping configuration

(“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
	6
	0
	9
	3
	1
	1
	1
	1

	2
	3
	9
	6
	1
	0
	0
	1
	1

	3
	4
	10
	7
	1
	1
	1
	0
	0

	4
	2
	8
	5
	11
	0
	0
	0
	0

	5
	8
	2
	11
	5
	1
	1
	1
	1

	6
	10
	4
	1
	7
	0
	0
	1
	1

	7
	9
	3
	0
	6
	1
	1
	0
	0


We also give some usage examples based on indication patterns in Table 2.

· SU-MIMO, R10 UE (RI=4), with/without cell level SGH.

	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L3
	L4
	L1
	L2
	L3
	L4

	UE1
	4
	10
	7
	1
	1
	1
	0
	0


· MU-MIMO, 2 R10 UE(RI=2), 

a) Same BW, with cell level SGH                                b) Same BW, without cell level SGH
	 UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	2
	8
	0
	0

	UE2
	10
	4
	0
	0

	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	0
	6
	0
	0

	UE2
	3
	9
	0
	0


c) Different BWs, with/without cell level SGH  
	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	0
	6
	0
	0

	UE2
	6
	0
	1
	1


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

	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L3
	L4
	L1
	L2
	L3
	L4

	UE1
	0
	6
	3
	9
	0
	0
	0
	0

	UE2
	6
	0
	9
	3
	1
	1
	1
	1


· MU-MIMO, 4R10 UE(RI=2), same BW or different BWs between UE1&2 and UE 3&4
	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	0
	6
	0
	0

	UE2
	3
	9
	0
	0

	UE3
	6
	0
	1
	1

	UE4
	9
	3
	1
	1


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

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

	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	4
	-
	0
	-

	UE2
	10
	-
	0
	-

	UE3
	8
	2
	1
	1


 without cell level SGH
	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	6
	-
	0
	-

	UE2
	0
	-
	0
	-

	UE3
	6
	0
	1
	1


· MU-MIMO, 2R8 UE, 2R10 UE(RI=2)
	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


b)  Same BW with/without cell level SGH         b) different BWs between the R8 UEs and 10 UEs

	UE

index
	CS index 
	OCC pattern

	
	L1
	L2
	L1
	L2

	UE1
	4
	-
	0
	-

	UE2
	10
	-
	0
	-

	UE3
	6
	0
	1
	1

	UE4
	9
	3
	1
	1


                                                                             without cell level SGH
The proposed design can work well especially in all kinds of MU-MIMO scenarios, even with multiplexing of R8 and R10 UEs. In addition, there are multiple discrete indices in each hopping configuration, and thus the PHICH collision will not be a problem.
2.3. DMRS configuration for non-adaptive retransmission
Similar to UL transmission in LTE R8, if no CW is successfully decoded in BS, the DMRS configuration in initial transmission can be reused straightforwardly for non-adaptive retransmission. But if only one of two CWs is successfully decoded, and the retransmission is triggered by PHICH, additional specification is needed for the CS&OCC configuration of the retransmission CW. In general, the CS&OCC configuration for the initial transmission of the interested CW can also be reused. The configurations in possible cases of retransmission are summarized in Table.3. 
Table.3: DMRS configuration with the same CS&OCC configuration as in initial transmission 
(“0” and “1” represent two different OCC patterns)

	RI in initial transmission
	CW

Case
	(CS_offset, OCC) in initial transmission
	(CS_offset, OCC) in retransmission

	
	
	P0
	P1
	P2
	P3
	P0
	P1
	P2
	P3

	2
	Case 1
	(0,0)
	(6,0)
	-
	-
	(0,0)
	-
	-
	-

	
	Case 2
	(0,0)
	(6,0)
	-
	-
	-
	(6,0)
	-
	-

	3
	Case 1
	(0,0)
	(6,0)
	(3,1)
	-
	(0,0)
	-
	-
	-

	
	Case 2
	(0,0)
	(6,0)
	(3,1)
	-
	-
	(6,0)
	(3,1)
	-

	4
	Case 1
	(0,0)
	(6,0)
	(3,1)
	(9,1)
	(0,0)
	(6,0)
	-
	-

	
	Case 2
	(0,0)
	(6,0)
	(3,1)
	(9,1)
	-
	-
	(3,1)
	(9,1)


As shown in Table.3, the CS offset and OCC pattern can work well in most cases of retransmission. However, if the second CW is retransmitted alone with RI=3 in the initial transmission (green row), the CS distance is not maximal in retransmission and the OCC patterns in the two ports are different. Hence, there will be performance loss in SU-MIMO case, and it is also hard to exploit OCC in MU-MIMO case (e.g. asymmetric MU-MIMO). Considering the special case, the following supplementary schemes can be considered:
· Alt1: Predefined CS&OCC configuration

· The CS&OCC configuration of the first port or the corresponding port in initial transmission is reused for the first port of single-layer/two-layer retransmission. 
· Predefined CS offset and OCC configurations are used for the second port of two-layer retransmission.
· The predefined configuration can be optimized for both SU-MIMO and MU-MIMO scenarios, for example, maximal CS offset and the same OCC pattern for the two ports. 
· Alt2: Reuse the CSI in initial transmission

· The CSI indication signaled for the initial transmission is reused associated with the current rank in retransmission to obtain the DMRS configuration for retransmission.
As listed in Table.4, both schemes can provide better orthogonality and flexibility without much increase in complexity. Though the two schemes are equivalent in most scenarios as shown in Table 4, Alt2 is more robust with compatibility in case that all the CWs are retransmitted.
Table.4: DMRS configuration in PHICH-triggered partial retransmission with proposed schemes
	RI in initial transmission
	CW

Case
	(CS_offset, OCC) in initial transmission
	(CS_offset, OCC) in retransmission

	
	
	P0
	P1
	P2
	P3
	P0
	P1
	P2
	P3

	2
	Case 1
	(0,0)
	(6,0)
	-
	-
	(0,0)
	-
	-
	-

	
	Case 2
	(0,0)
	(6,0)
	-
	-
	-
	(0,0) /(6,0)
	-
	-

	3
	Case 1
	(0,0)
	(6,0)
	(3,1)
	-
	(0,0)
	-
	-
	-

	
	Case 2
	(0,0)
	(6,0)
	(3,1)
	-
	-
	(0,0) /(6,0)
	(6,0) /(0,0)
	-

	4
	Case 1
	(0,0)
	(6,0)
	(3,1)
	(9,1)
	(0,0)
	(6,0)
	-
	-

	
	Case 2
	(0,0)
	(6,0)
	(3,1)
	(9,1)
	-
	-
	(0,0)/(3,1)
	(6,0)/(9/1)


3. Conclusions
In this contribution, we further discuss the signaling designs for DMRS transmission in Rel-10, and provide some proposals 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 have the following proposals:
· Hopping configuration should be considered during the design of CS&OCC signaling.
· 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.
· It is not justified to assign the remaining CSI values for application of OCC in rank2 transmission. The undecided 4 CSI values should be used for MU-MIMO scenarios with the same OCC pattern in all DMRS ports as proposed in [3].
· The proposed designs in Table.1 and Table.2, which are optimized for usages of SU-MIMO and MU-MIMO, should be considered for design of mapping table. 
· For PHICH-triggered partial retransmission, the two schemes can be considered:

· CS&OCC configuration of the first port or the corresponding port in initial transmission is used for first port of single-layer/two-layer retransmission, and predefined (maximal) CS offset and (the same)OCC configuration are used for the second port of two layers retransmission.

· The CSI for initial transmission can be reused associated with current rank in retransmission.
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5. Appendix
Table.5: Simulation assumptions
	Parameter
 
	Assumption 

	Antenna configuration 
	2×2

	Bandwidth 
	5M

	Channel model 
	UrbanMacro

TU

	Antenna spacing (BS,UE) for UrbanMacro
	(10,0.5)

	Antenna correlation (BS,UE) for TU
	(0,0)

	MCS 
	Refer to 36.213 

	Channel code 
	Turbo code 

	HARQ retransmission number 
	4 

	Carrier frequency 
	2.0 GHz

	Receiver 
	MMSE/Turbo-SIC

	CQI/PMI/SRS delay
	5 ms 

	DMRS estimation 
	Real

	SRS estimation
	Perfect

	Codeword number 
	2

	Layer number
	2

	Scheduled resource RBs
	6 RBs

	Precoding granularity 
	The same as resource RBs

	Pilot overhead 
	2 DMRS symbols

	UE mobile speed 
	3km/h








