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1. Introduction

The current agreements for uplink DM-RS multiplexing on SU-MIMO in LTE-Advanced are that 

- Cyclic shift (CS) separation is the primary multiplexing scheme. 
- FFS: Orthogonal cover code (OCC) separation between slots as complementary multiplexing scheme.

Codes are {+1, +1} and {+1, -1} 
In the previous meetings and during the E-mail discussion for #59-bis meeting, many companies have proposed OCC separation between slots as complementary multiplexing scheme with considerations on SU-MIMO and MU-MIMO. 
The DM-RS sequence design for non-contiguous resource allocation (clustered DFT-S-OFDM) and aggregation of CC(component carrier)s were also discussed. These topics are related with CM(Cubic Metric) and PAPR(Peak-to-Average Power Ratio) reduction issue in intra-CC and inter-CC.
This contribution discusses considerations on theses topics and presents our views. 
2. OCC for uplink DM-RS

(1) Basic CS/OCC configuration 
We can basically consider following 3 options for CS/OCC configuration in uplink DM-RS :

- Option 1 : layers separated by CS(Cyclic Shift)s only
- Option 2 : layers separated by CS(Cyclic Shift)s and OCC(Orthogonal Cover Code)s 

In this case, OCC can be used for mitigation of inter-layer interference only. (OCC will not be used for layer multiplexing, but CS can be used for layer multiplexing.)

- Option 3 : layers separated by CS(Cyclic Shift)s and OCC(Orthogonal Cover Code)s
In this case, both CS and OCC are used for layer multiplexing.
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Figure 1 : CS/OCC configuration for 2/4 layers
There seem to be no significant preference for Option 3. There is no need to use OCC for layer multiplexing, because OCC can not be suitable for fast fading environment and we can use CS for layer multiplexing instead. Option 2 would have the best orthogonality among reference signal [1]. Therefore, CS based layer multiplexing should be the baseline and OCC could be used for mitigation of inter-layer interference only.
(2) CS/OCC configuration – SU-MIMO and MU-MIMO
There can be many configuration methods for using OCC to support SU-MIMO and MU-MIMO. The method, based on predefined OCC for each CS and predetermined one CS from DCI format 0 for each UE, could also be considered to reduce signaling overhead.
We can receive one CS from DCI format 0 for layer 1, then CS and OCC for other layers were computed by predefined algorithm. Table 1 and Equation 1 are one example.

Table 1 : predefined OCC value for each CS
	
[image: image2.wmf](2)

DMRS

n


	OCC(Orthogonal Cover Code)

	  0, 9, 2, 10
	[+1  +1]

	3, 6, 4, 8
	[ -1   -1]


Equation 1 (
[image: image3.wmf](2)

DMRS

n

for layer 1 is 
[image: image4.wmf]1

a

, 
[image: image5.wmf]1

{0,3,6,9,2,4,8,10}

a

Î

)
1) For total 2 layers,

{
[image: image6.wmf](2)

DMRS

n

for layer 1, 
[image: image7.wmf](2)

DMRS

n

for layer 2}={
[image: image8.wmf]1

a

, 
[image: image9.wmf]1

(6)mod12

a

+

}

2) For total 4 layers,

{
[image: image10.wmf](2)

DMRS

n

for layer 1, 
[image: image11.wmf](2)

DMRS

n

for layer 2, 
[image: image12.wmf](2)

DMRS

n

for layer 3, 
[image: image13.wmf](2)

DMRS

n

for layer 4}


[image: image14.wmf]1111

1111

1111

{,(6)mod12,(9)mod12,(3)mod12} mod30

{,(6)mod12,(4)mod12,(10)mod12} mod31

{,(6)mod12,(8)mod12,(2)mod12} mod32

aaaaifa

aaaaifa

aaaaifa

+--=

ì

ï

=+++=

í

ï

+++=

î


3. DM-RS design for non-contiguous resource allocation (CM issue for intra-CC)
We can consider two options in two environment cases to design DM-RS for non-contiguous resource allocation (clustered DFT-S-OFDM) as shown in Figure 2. These are 
- Option A : Base sequence according to the whole allocation size and split into clusters
- Option B : Base sequences according to the size of each cluster are used
- Case A : Equal bandwidth allocation in MU-MIMO

- Case B : Different bandwidth allocation in MU-MIMO
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Figure 2 : DM-RS design for non-contiguous resource allocation
In equal bandwidth allocation case in MU-MIMO (Case A), each pair of sequence for two UEs is orthogonal. The difference between two sequences in each pair is only CS or/and OCC value.
In Case A, there seems to be no big difference in CM values and performance between option A and option B, and Option A has Pros. and Cons. that are contrary to Option B. Option A has lower channel estimation complexity, because channel over all clusters in the whole allocation size is jointly estimated. But, Option A has lower channel estimation accuracy due to the effect of non-contiguous points.
In different bandwidth allocation case in MU-MIMO (Case B), each pair of sequence for two UEs is also orthogonal if we use base sequences according to the size of each cluster (Option B). 
But, if we use base sequences according to the whole allocation size and split into clusters (Option A) in Case B, the orthogonality between two UEs can be broken since the correlation characteristic between the partial sequence of length N sequence and the length X(<N) sequence can become worse, especially in poly-phase sequence which was constructed with their length and has palindromic property, e.g. Zadoff-Chu sequence.
There seems to be no other way around to facilitate DM-RS orthogonality between UEs in MU-MIMO with different bandwidth allocation. Therefore, Option B is more preferable.

If length X is the same as length Y, the different CS(Cyclic Shift) or SG(sequence group number) in base sequence can be applied for each cluster to reduce CM.
4. DM-RS design for aggregation of CCs (CM issue for inter-CC)
In LTE-A, aggregation of CC(component carrier)s shall be supported to provide wide bandwidth. If we generate RS sequence directly, the RS sequence of length N for each CC will be exactly the same. Then the total RS sequence across all the CC input into the single IFFT will be a periodic sequence with period N. This will cause significantly high CM(Cubic Metric) and PAPR(Peak-to-Average Power Ratio) values.
Several approaches are investigated to reduce this large CM/PAPR, we review these approaches with some comments and provide further details on possible methods.  
(1) Different PCIs across CCs

With different PCIs across each CC, above CM/PAPR issue would be directly resolved since different PCI leads to different RS sequence. However, the different PCIs across CC could cause many restrictions on the usage of UL resource related to the PCI. Especially, in case of asymmetric CC aggregation, the different PCIs can also cause issues; e.g. backwards compatibility issues in PUCCH group/cyclic shift hopping and PUSCH hopping, or cell planning issues. These issues take more essential efforts to resolve. Therefore, the approaches to reduce CM/PAPR with different PCIs across CCs should be carefully investigated further.

(2) Same PCIs across CCs

With same PCIs across each CC, issues in section 4-(1) could be mitigated. But there is CM/PAPR increase issues due to repeated RS sequence, and CM/PAPR reduction solution is needed. Following approaches can be considered as initial approach of CM/PAPR reduction.

1) Modification of the generation of RS sequences
To reduce CM/PAPR increase due to repeated RS sequence, the simplistic way would be to have different RS sequences between CCs. 

If we can define the RS sequence generation method such that it not only depends on 
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, and other system parameters, but also depends on CC information, then the CM/PAPR can be significantly reduced due to the different RS sequences between CCs. The small modification of the current RS sequence generation method can be applied into sequence group number 
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 or cyclic shift 
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The CC information 
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 can be CC ID or CC offset. If there are total 5 CCs, the CC ID can be 0,1,2,3 or 4. But the total number of CC offset can be 5 or less than 5. If CC offset of all backward compatible CCs is zero and CC offset of all non-backward compatible CCs is non-zero, both backward compatibility on RS sequence generation and CM/PAPR reduction due to broken periodicity of RS sequence for overall CCs can be achieved.

Approach 1 : Different Sequence Group(SG) number between CCs 
There could be 4 possible options to generate different RS sequences across CCs.

Option 1: Direct modification of SG number
 The sequence-group number 
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 in slot 
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 is defined by a group hopping pattern 
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(1).
The sequence-group number 
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can be directly modified to incorporate CC information. For example, (1) can be replaced as (2),
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where 
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 is CC ID or CC offset.
Option 2 : Modification of the generation method of 
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The group-hopping pattern 
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 is the same for PUSCH and PUCCH and given by
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(3).

The modification of group-hopping pattern 
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 that depends on CC information leads to different SG number between CCs. In generation of 
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, cell-specific PN sequence is used. Only 160 bits are used in the PN sequence with length 
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 bits, and every 8 bits are used for each slot. If we use remaining other bits in PN sequence for each CC, we can generate randomly different SG number for each CC. 

For example, (3) can be replaced as (4),
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where 
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 is CC ID or CC offset.
Option 3: Modification of initialization method of 
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Details are in [4].
Option 4 : Modification of generation method of 
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Details are in [4].
Note : 
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 can also be set differently between CCs for different SG number. But it is only applicable for PUSCH case.

Approach 2 : Different Cyclic Shift between CCs
There could be 3 possible options.

Option 1 : Direct modification of CS
The cyclic shift 
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is defined differently in DM-RS for PUSCH, DM-RS for PUCCH and SRS. For example, the cyclic shift 
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 in a slot 
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 in DM-RS for PUSCH is given as 
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The cyclic shift 
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can be directly modified incorporating CC information. For example, (5) can be replaced as (6),
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In DM-RS for PUCCH, parameter 
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 can also be modified for different cyclic shift 
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between CCs with similar method.
Option 2 : Modification of generation method of 
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In generation of 
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, cell-specific PN sequence is used. If we use remaining bits in PN sequence for each CC with similar method in Option 2 in Approach 1, we can generate randomly different cyclic shift 
[image: image55.wmf]a

 for each CC. For example, (7) can be replaced as (8),
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In DM-RS for PUCCH, parameter 
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 can be also modified for different cyclic shift 
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between CCs with similar method.

Note : In DM-RS for PUSCH, for different 
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 between CCs, 
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 can also be set differently between CCs. However, the cyclic shift parameter 
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 provided by higher layer is used for inter-cell shift coordination, and 
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 is given by the cyclic shift for DM-RS field in most recent DCI format 0 for the transport block associated with the corresponding PUSCH transmission. Therefore, the modification of 
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Option 3: Modification of initialization method of 
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Details are in [4].

2) Different phase offsets or phase rotation between CCs
Approach 3 : Different phase offset or phase rotation between CCs
In [5], phase offset of 
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that is applied to a specific CC is proposed for CM/PAPR reduction. For example, if there are 5 CCs, the phase offset is applied to the 4th CC. In [6], certain numbers of phase masks that cause different phase rotation for each CC are also applied for CM/PAPR reduction. For example, two or three phase masks can be applied in time-domain for each CC after IFFT is performed. With these approaches, backward compatibility could be supported as Approach 1 and 2. However, it dose not take any measures if there are only 2 aggregated CCs. And eNB may have to perform data reversal or masking processing in the CC for phase offset or phase rotation, it may cause a little complexity.

Phase offset or phase rotation in time-domain can correspond to changes of the spacing between the allocated RBs of each CC in frequency-domain. CM/PAPR shows very similar performance with any spacing instead of 2048 subcarriers spacing case. From this, it can be observed that phase offset or phase rotation may not have any substantial reduction of CM/PAPR if spacing between the allocated RBs of each CC that correspond to phase offset or phase rotation is not 2048 subcarriers. 
5. Conclusion

In this contribution, we discussed considerations on CS/OCC configuration for uplink DM-RS design. Considerations on uplink DM-RS sequence design for non-contiguous resource allocation (clustered DFT-S-OFDM) and aggregation of CC(component carrier)s were also discussed. 

In CS/OCC configuration for uplink DM-RS, 

- CS based layer multiplexing should be the baseline and OCC could be used for mitigation of inter-layer interference only

- A method, based on predefined OCC for each CS and predetermined one CS from DCI format 0 for each UE, could be considered to reduce signaling overhead in SU-MIMO and MU-MIMO

In uplink DM-RS sequence design for non-contiguous resource allocation, we can consider two options :
- Option A : Base sequence according to the whole allocation size and split into clusters
- Option B : Base sequences according to the size of each cluster are used
Option A doesn’t seem to have other ways to facilitate DM-RS orthogonality between UEs in MU-MIMO with different bandwidth allocation. Therefore, Option B is more preferable.

In uplink DM-RS sequence design for aggregation of CCs, with the same PCIs across CCs to maintain backwards compatibility and avoid other issues, following approaches should be investigated further for CM/PAPR reduction :
- Modification of RS sequence generation – Different Sequence Group number between CCs

- Modification of RS sequence generation – Different Cyclic Shift between CCs 
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