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1
Introduction
Regarding the application of OCC to the DM-RS for PUSCH MIMO transmission, RAN1 has arrived at the following agreements:
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· the Rel-8 mapping table is reused for 
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· the mapping of CSI to
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· CS for layer k (k=0, 1, 2, 3) is derived from CS offset according to 
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· CS offsets 
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· CS offsets 
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· CS offsets 
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for 4 layers are 0, 6, 3, 9 for k=0, 1, 2, 3
· OCC for layer k is derived from CSI considering both SU-MIMO and MU-MIMO

· For 4 of the CSI values: 
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· FFS the OCC mapping for the other 4 CSI values, one example of the mapping
· For the second 2 CSI values: 
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· For the third 2 CSI values: 
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In this paper, we will discuss the remaining details on the signaling of OCC in the UL grant. 
2
Remaining Details on Signalling of OCC
There are two possible orthogonal cover codes over the two DM-RS symbols within on sub-frame (see Table 1). On top of separating multiple DM-RS by different cyclic shifts, OCC can be signaled to the UE to provide better orthogonality among the multiplexed DM-RS from different layers. Our proposed scheme for OCC signaling without increasing the signaling overhead is as follows:
· The implicitly assigned OCCs is derived from the the sum of signaled cyclic shift values: 
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 is provided by higher layers [1] and 
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 is the signaled cyclic shift value in the most recent DCI for the corresponding PUSCH transmission, according to a pre-defined rule. No additional bit is needed in the corresponding DCI.
· One possible mapping from cyclic shift value to OCCs is illustrated in Table 2. Note that 
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itself will only be able to signal 8 cyclic shift values. However, the sum:
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 will be able to address all possible cyclic shift values. Given that we can now address all 12 possible cyclic shifts, we can divide the 12 cyclic shifts into 3 groups which are shaded in different colors in Table 2. Note that each group now contains 4 cyclic shift values:
· for the first group (red), 
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· for the second group (blue), 
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· for the third group (green), we have 
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Table 1. OCC for DM-RS

	OCC Index: IOCC
	Orthogonal Cover Code

	0
	[+1, +1]T

	1
	[+1, -1] T


Table 2. Mapping from Cyclic Shift Value to Orthogonal Cover Codes for Implicit OCC Signaling
	n=
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	OCC Index: nOCC,0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	1
	1

	OCC Index: nOCC,1
	0
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1
	0

	OCC Index: nOCC,2
	1
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	1

	OCC Index: nOCC,3
	1
	1
	0
	0
	1
	0
	1
	1
	0
	0
	1
	0


Note that the proposed solution also supports possible MU-MIMO pairing of SPS allocations. Since 
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 is set to 0 for SPS users, this is the only possibility to use the same OCC allocation scheme for both SPS and dynamic allocations.  

3
DM-RS Construction

The DM-RS for each layer (a.k.a. virtual antenna) can be constructed according to the following procedures:

·  for PDCCH scheduled first transmission or re-transmission: 

·  after receiving the cyclic shift value: 
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 from the corresponding PDCCH and the cyclic shift value: 
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 from higher layers, according to the pre-defined rule as in Table 2, we can determine the mapped orthogonal cover code indices 
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·  determine the transmission rank from the grant: R
· for PHICH-triggered re-transmission:

·  follow the most recent assignment to determine 
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, then according to Table 2, find the orthogonal cover code indices 
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·  determine the transmission rank of the re-transmission: R
· then, the DM-RS for each layer/virtual antenna can be constructed according to the following rules for the transmission rank R, which ranges from 1 to 4:
Table 3.  Rank-1 Transmission

	Physical/Virtual Antenna
	DM-RS in Slot 0 & 1

	0
	CS: 
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Table 4.  Rank-2 Transmission

	Physical/Virtual Antenna
	DM-RS in Slot 0 & 1

	0
	CS: 
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Table 6.  Rank-3 Transmission

	Physical/Virtual Antenna
	DM-RS in Slot 0 & 1

	0
	CS: 
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Table 7.  Rank-4 Transmission

	Physical/Virtual Antenna
	DM-RS in Slot 0 & 1

	0
	CS: 
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4
Support of MU-MIMO

In LTE Rel-8, we only rely on cyclic shifts to separate the DM-RS for different UEs participating in the MU-MIMO operation in the uplink. To maintain DM-RS orthogonality among different UEs, the transmission bandwidth of those UEs paired for MU-MIMO has to be identical to each other, which reduces scheduling flexibility. UEs with different transmission bandwidth can still be paired together while enjoying orthogonal DM-RS provided they are assigned different orthogonal cover codes. Clearly, explicit signaling of OCC will easily enable this feature. For implicit OCC signaling scheme, this feature is also supported as long as the scheduler assigns the cyclic shift index cleverly. For example, according to the mapping rule in Table 2, one UE can be assigned a cyclic shift value of 4 and the other UE can be assigned a cyclic shift value of 5. Then, these two UEs can be paired for MU-MIMO operation while they can have different transmission bandwidth.

For identical transmission bandwidth multiplexing, OCC clearly provides better reference signal orthogonality among those multiplexed MU-MIMO UEs even in the presence of slot-level “group hopping” and “sequence hopping” of the reference signal sequence. It is worthwhile to mention that the cell-specific slot-level “group hopping” and “sequence hopping” of the reference signal sequence [1] should be disabled to allow multiplexing MU-MIMO UEs with non-identical transmission bandwidth. The performance may be negatively impacted by the lack of sequence hopping, since sequences with poor correlation may be allocated in adjacent cells. However, the lack of sequence hopping is mitigated by the following factors:

· There is always slot-level cyclic shift hopping enabled.  Since a sequence pair with bad cross-correlation exhibit high correlation values only at a limited number of cyclic shifts, the cyclic shift offset hopping already mitigates the lack of sequence hopping to some extent. 

· In certain deployment, where tight coordination is used, sequence hopping is anyhow disabled, and instead, the sequence group number is carefully selected among neighboring cells to minimize the occurrence of identical sequences. In this case, obviously, the lack of sequence hopping has no negative consequences. 
We found that at least in a subset of cases, the use of OCC has benefits; and we haven’t identified any cases where the use of OCC would reduce performance.  

5
Conclusions 

In this contribution, we have provided our views on the remaining issue in signaling of OCC in support of uplink spatial multiplexing. Our proposals are summarized as follows:
· OCC indices for all spatial layers are derived from the sum:  
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· since
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is a UE-specific higher layer configured parameter and 
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is dynamically signaled in the UL grant, the sum: 
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can be used to address one out of the 12 possible cyclic shifts flexibly
· adopt the mapping from Cyclic Shift Value to OCC Index in Table 2
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