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1. Introduction

At the RAN1#57 meeting [1], the following was agreed regarding DM-RS support for SU-MIMO:

· DM-RS is precoded using the same precoder as the one applied for the PUSCH. 
· Cyclic shift separation is the primary multiplexing scheme of the demodulation reference signals. 

At the RAN1#60bis meeting, the use of Orthogonal cover code (OCC) separation between DM-RS SC-FDMA symbols as complementary multiplexing scheme was further agreed upon.
· Introduce the OCC  in Rel-10 without increasing UL grant signaling overhead

· OCC can be used for both SU and MU-MIMO

At the RAN1#61 meeting, the following was further agreed:

· 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

At the RAN1#61bis meeting, the following was further agreed regarding CS and OCC Signalling:

1. For initial transmission the CSI to (CS, OCC) should follow the following

· CS and OCC for layer 0(nDMRS,0(2), nOCC,0) is derived from 3-bit cyclic shift indicator (CSI) in UL DCI format. 
· Mapping table between CSI and ( nDMRS,0(2) , nOCC,0) 
· Exact mapping  is FFS
· CS for layer k (k=0,1,2,3) is derived from CS offset according to nDMRS,k(2)=(nDMRS,0(2)+∆k) mod 12
· CS offsets (∆k) for 2 layers are 0, 6 for k=0,1
· CS offsets (∆k) for 4 layers are 0, 6, 3, 9 for k=0, 1, 2, 3
· CS offsets (∆k) for 3 layers are FFS. 
2. FFS applicability of the above to retransmission cases

In this contribution, we present our views on OCC support with sequence hopping or group hopping as well discuss OCC and CS configuration and signalling for SU/MU-MIMO up to four layer transmission.
2. DM-RS Orthogonality and MU-MIMO

2.1. Cyclic Shift Orthogonality and MU-MIMO
As in LTE Rel-8/9, Rel-10 UL MU-MIMO is expected to be transparent (no separate transmission mode) with the UE not aware whether or not it is paired with another UE. This enables dynamic switching between SU-MIMO and MU-MIMO. The Rel-8/9 mechanism for support of transparent MU-MIMO, requires same resource allocation bandwidth with DM-RS separability based on cyclic shift orthogonality. As agreed, cyclic shift separation is the primary multiplexing scheme of the demodulation reference signals in Rel-10 which supports MU-MIMO between same bandwidth Rel-8/9 single-antenna UE and Rel-10 UE.
2.2. Orthogonal Cover Code Orthogonality and MU-MIMO
The agreed introduction of OCC in Rel-10 for MU-MIMO is primarily beneficial with different bandwidth pairing where the DM-RS orthogonality is maintained in case of low mobility and non-hopping (no FH) UEs. The OCC orthogonality with unequal bandwidth pairing is lost in case of sequence group/sequence hopping is enabled (between slots) in cell thereby requiring modifying the sequence-group/sequence hopping for Rel-10 UEs to occur on the subframe boundaries instead. Legacy Rel-8/9 UEs would continue to hop the DM-RS group/sequence hopping at the slot boundaries. However, subframe-level sequence group/sequence hopping for only Rel-10 UEs leads to undesirable effect of precluding MU pairing of Rel-8/9 and Rel-10 UEs even with same resource allocation. 
If a new mechanism (e.g., subframe-level hopping) is introduced for Rel-10 UEs, it should not prevent/ compromise a Rel-8/9 feature of MU-MIMO pairing of same resource allocation (same bandwidth) with sequence-group/sequence hopping enabled - MU pairing between Rel-8/9 and Rel-10 UEs. A possible option to consider is to signal the group/sequence hopping configuration (slot-level v/s subframe-level) to Rel-10 UEs [2]. The one bit UE-specific hopping configuration signalling can be via PDCCH DCI or higher-layer (RRC) configuration to select sequence group/sequence hopping update period of 1 slot (slot-level) or 1 subframe (subframe-level hopping) for Rel-10 UEs. Implicit signalling by reserving some of the CS for DM-RS field code-points for subframe-level hopping is not desirable as the DM-RS CS field is not only used for CS determination but is also used for PHICH resource mapping. The Rel-8/9 flexibility in assigning any of the 8 DM-RS field code-points for PHICH mapping should be retained in addition the benefits of power allocation/balancing without undue restrictions or increased PHICH overhead.
Signalling a hopping update period = 1 subframe (subframe-level hopping) enables potential pairing of unequal allocation size Rel-10 UEs using OCC for DM RS orthogonality, while a hopping update period = 1 slot (slot-level hopping) supports potential pairing of equal allocation size Rel 8/9/10 and Rel 10 UEs. The DM RS orthogonality in this case can be via using CS and/or OCC (e.g. Rel 8/9 UE is default [+1 +1], Rel 10 UE [+1 -1]). 
Proposal 1:

If a new mechanism is introduced to improve the inter-cell interference randomization for MU-MIMO with different bandwidth pairing with sequence-group/sequence hopping enabled in cell, it is proposed to,

· Retain Rel-8/9 feature of MU-MIMO pairing of same resource allocation (same bandwidth) UEs - MU pairing between Rel-8/9 and Rel-10 UEs with sequence-group/sequence hopping enabled is supported.
· Introduce one bit UE-specific hopping configuration signalling (slot-level v/s subframe-level sequence-group/sequence hopping) for Rel-10 UEs.
· Explicit UE-specific hopping configuration signalling via PDCCH DCI or higher-layer (RRC) configuration.
3. Cyclic Shift and OCC Configuration and Signalling 
3.1. DM-RS field in UL DCI Formats
As in Rel-8/9, the Rel-10 uplink DCI formats will include a (3-bit) DM-RS field. As agreed in RAN1#61bis, at least for the initial transmission, the DM-RS field in the Rel-10 UL DCI formats is will indicate the DM-RS CS offset (
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)which in the case of SU-MIMO is for the lowest layer of the first codeword (layer 0). For non-adaptive and adaptive retransmissions, the DM-RS field in the most recent PDCCH UL DCI grant for the transport block(s) associated with the corresponding PUSCH transmission is used to determine the CS offset (
[image: image4.wmf](2)

DMRS,0

n

) and OCC (
[image: image5.wmf]OC,0

n

,
[image: image6.wmf]OC,0

w

) for the DM-RS for layer 0.
The OCC code is implicitly determined from the 3-bit DM-RS field. A proposed mapping of the DM-RS field to the CS offset 
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and OCC code is shown in Table 1. 
Table 1: Mapping of Cyclic Shift for DM-RS Field in UL DCI format  to 
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	CS for DM-RS Field in 

DCI format 
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	OCC code, 
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	000
	0
	0
	[+1 +1]

	001
	6
	1
	[+1 -1]

	010
	3
	0
	[+1 +1]

	011
	4
	0
	[+1 +1]

	100
	2
	0
	[+1 +1]

	101
	8
	1
	[+1 -1]

	110
	10
	1
	[+1 -1]

	111
	9
	1
	[+1 -1]


Proposal 2:

· For retransmissions (non-adaptive and adaptive), CS for DM-RS field in the most recent UL DCI format for the transport block(s) associated with the corresponding PUSCH transmission indicates the DM-RS CS offset (
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) for the lowest layer of the first codeword (layer 0).
· Proposed mapping of CS for DM-RS field in UL DCI format according to Table 1.

3.2. CS and OCC for UL SU-MIMO layers
In Rel-10, with UL SU-MIMO, up to two transport blocks mapped on to two codewords can be transmitted on up to four layers. As discussed in Section 3.1, the CS for DM-RS field in UL DCI format indicates the CS offset (
[image: image15.wmf](2)

DMRS,0

n

) and OCC (
[image: image16.wmf]OC,0

w

) for the DM-RS on the lowest layer of the first codeword (layer 0). The CS and OCC for the other layer of the first codeword and layers of second codeword, if/when present is implicitly determined from the CS offset (
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) for layer 0. The CS and OCC are thus linked to the DM-RS transmission on a particular layer. 

For non-adaptive (and adaptive) retransmissions, in normal operation as the eNB and the UE are in sync with respect to the total number of layers (L) in the corresponding PUSCH transmission, the same CS and OCC determination mechanism for other layers as for the initial transmission is used for non-adaptive (and adaptive) retransmissions.
3.2.1. CS determination for UL SU-MIMO layers

It has been agreed in RAN1#57 that cyclic shift separation is the primary multiplexing scheme of the demodulation reference signals. Further agreed in RAN1#61bis, CS offset for layer k (k=0,1,2,3) is derived according to nDMRS,k(2)=(nDMRS,0(2)+∆k) mod 12 with offset, ∆k for L=2 layers are 0, 6 for k=0,1 and offsets (∆k) for L=4 layers are 0, 6, 3, 9 for k=0, 1, 2, 3. Offsets, ∆k, for L=3 layers are FFS. 
For the L=3 layer case, the similar approach as for 2/4 layer case of implicitly determining the DM-RS cyclic shifts for SU-MIMO layers other than layer 0 with maximal separation from the CS of layer 0 is proposed. Thus, for the L=3-layer case, CS offsets, ∆k, proposed are {0, 4, 8} for k=0, 1, 2. This results in minimizing the cross-talk between estimated channels of the different layers. 
Proposal 3:

· CS Offsets, ∆k, for L=3 layers are 0, 4, 8 for k=0, 1, 2
· For retransmission (non-adaptive and adaptive), offsets, ∆k, for the layers are determined from the number of layers, L associated with the corresponding L-layer PUSCH re-transmission (similar to the initial transmission case).

3.2.2. OCC determination for UL SU-MIMO layers

In RAN1#60bis meeting it was agreed that OCC can be used for both SU and MU-MIMO. With SU-MIMO, OCC is beneficial for rank>2 transmissions. Thus, for rank-2 transmissions, the same OCC code can be used for both the layers, i.e., 
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. Alternatively, some code-points of the CS for DM-RS field in UL DCI format (example, 
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) can be used to indicate the same OCC for both-layers while the remaining code-points, 
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 can indicate different OCC between the layers for rank-2 transmissions, i.e., 
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For rank>2 transmissions, the OCC used for the first layer is also used for the second layer, while the other OCC is used for the layers 3 and 4 as suggested in [3]. Thus, for an L-layer transmission, the OCC code for the layer k is given by: 
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(2)
Alternatively, the same OCC can be used for the different layers of a codeword with the OCC for layers of the second codeword being different than the OCC for layer 0 of the first codeword indicated via the CS and OCC for DM-RS field in the PDCCH UL DCI. 

Proposal 4:

· OCC 
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 of L-layer PUSCH transmission implicitly determined from the  OCC (
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) for the DM-RS of layer 0 indicated in the UL DCI format DM-RS field

· Same OCC code for both the layers of 2-layer transmission, 
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· For a L-layer (L>2) transmission, 
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4. Conclusion
We propose the following for OCC and CS configuration for UL DM-RS:

Proposal 1: Group/Sequence Hopping and MU-MIMO
If a new mechanism is introduced to improve the inter-cell interference randomization for MU-MIMO with different bandwidth pairing with sequence-group/sequence hopping enabled in cell, it is proposed to,

· Retain Rel-8/9 feature of MU-MIMO pairing of same resource allocation (same bandwidth) UEs - MU pairing between Rel-8/9 and Rel-10 UEs with sequence-group/sequence hopping enabled is supported.
· Introduce one bit UE-specific hopping configuration signalling (slot-level v/s subframe-level sequence-group/sequence hopping) for Rel-10 UEs.
· Explicit UE-specific hopping configuration signalling via PDCCH DCI or higher-layer (RRC) configuration.
Proposal 2: DM-RS field in UL DCI Formats
· For retransmissions (non-adaptive and adaptive), CS for DM-RS field in the most recent UL DCI format for the transport block(s) associated with the corresponding PUSCH transmission indicates the DM-RS CS offset (
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) for the lowest layer of the first codeword (layer 0).
· Proposed mapping of CS for DM-RS field in UL DCI format according to Table 1.

Proposal 3: CS for UL SU-MIMO layers

· CS Offsets, ∆k, for L=3 layers are 0, 4, 8 for k=0, 1, 2
· For retransmission (non-adaptive and adaptive), offsets, ∆k, for the layers are determined from the number of layers, L associated with the corresponding L-layer PUSCH re-transmission (similar to the initial transmission case).

Proposal 4: OCC for UL SU-MIMO layers

· OCC 
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 of L-layer PUSCH transmission implicitly determined from the  OCC (
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) for the DM-RS of layer 0 indicated in the UL DCI format DM-RS field

· Same OCC code for both the layers of 2-layer transmission, 
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· For a L-layer (L>2) transmission, 
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