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1 Introduction

In RAN1#60bis it was decided to support Orthogonal Covering Codes (OCC) for SU-MIMO and MU-MIMO through implicit CSI to OCC/CS mapping. There are 3 minor aspects for further resolution: 
a) The CSI to OCC/CS mapping.
b) The OCC/CS to layer mapping for SU-MIMO.
c) The support for sequence hopping.
This contribution further considers the above aspects.

2 CSI to OCC/CS Mapping
Several proposals have already been made for the implicit CSI to CS/OCC mapping. In our view, any CSI to OCC/CS mapping suffices provided that it fulfills some basic inter-operability criteria with Rel-8 UEs and it maintains the basic Rel-8 design properties (e.g. CSI values mapping to maximal OCC/CS separations also map to different PHICH resources). Therefore, the selected CSI to OCC/CS mapping should satisfy the following: 
a) Co-existence with Rel-8 UEs which can only use OCC {1, 1} and predetermined CS values (depending on the Rel-10 deployment stage, Rel-8 UEs may be more or less numerous than Rel-10 UEs).

a. CSI to OCC/CS mapping for Rel-10 UEs should not be already in use by Rel-8 UEs.

b) Mapping of CSI values to both maximal OCC/CS separations and to different PHICH resources (particularly in case of extended CP).

c) Rel-8 optimality criteria such as maximum CS distances for the same OCC, etc. are maintained. 

3 OCC/CS to Layer Mapping
Based on the results in [1, 2], OCC is not needed for rank-2 transmissions. Therefore, in order to be able to support MU-MIMO with up to rank-2, for OCC/CS multiplexing the 4 CS + 2 OCC combinations should be as in Table 1.
Table 1: Allocation of CS and OCC to Layers for Rank 4 Transmission.
	Cyclic Shift (CS)
	CS0
	CS1
	CS2
	CS3

	OCC {+1, +1}
	Layer 1
	Layer 2
	--
	--

	OCC {+1, -1}
	--
	--
	Layer 3
	Layer 4


4 Sequence Hopping
The application of OCC to support MU-MIMO among UEs with different PUSCH BWs has the significant drawback that it precludes group sequence hopping and sequence hopping within a group. Note that because sequence hopping is cell-specific and applies to both PUSCH and PUCCH, disabling it will degrade the performance for all transmissions, including Rel-8 ones, SPS ones, and PUCCH ones that cannot benefit from MU-MIMO. Absence of sequence hopping can cause significant performance degradation as the cross-correlations among CAZAC sequences of different lengths can be large [3, 4]. Particularly for the length-12 and length-24 sequences, corresponding to 1 PRB and 2 PRB allocations associated with PUCCH and SPS transmissions, the cross-correlation can exceed 0.3 with 33% probability [5]. Moreover, because of synchronous UL retransmissions, HARQ will not be able to effectively resolve such collisions. Note that even if sequence planning not used, it is nearly impossible to guarantee low cross-correlations for all possible sequence length combinations especially considering varying propagation delays.
The simplest way to address this issue is to do nothing and maintain the Rel-8 operation where a UE simply follows the eNodeB indication regarding sequence hopping. If the eNodeB decides that MU-MIMO support for UEs with unequal PUSCH BW is more important than sequence hopping, it can disable sequence hopping; otherwise, it can enable sequence hopping. It should be obvious that redefining sequence hopping to be on a sub-frame basis is not only useless but it will also introduce additional specification and implementation complexity. 

A simple alternative to provide some flexibility is to make sequence hopping UE-specific instead of cell-specific. In this manner, the eNodeB can still allow UEs with applications supported by small PUSCH BW allocations (e.g. VoIP) to apply sequence hopping while UEs with applications supported by large PUSCH BW allocations (e.g. file uploading) can disable sequence hopping. Sequence hopping for the PUSCH and the PUCCH may also be decoupled.
Another approach would be to introduce an explicit IE in the DCI formats for PUSCH transmissions to indicate whether sequence hopping is applied. For DCI format 0, if the padding bit remains available, it could be used for that purpose.
5 Conclusions

This contribution reviewed the remaining aspects for applying OCC on the UL DMRS in Rel-10. In particular, the following are proposed:
a) CSI to OCC/CS mapping should optimize for:

a. Co-existence with Rel-8 UEs which can only use OCC {1, 1} and predetermined CS values.

i. CSI to OCC/CS mapping for Rel-10 UEs should not be already in use by Rel-8 UEs.

b. Mapping of CSI values to both maximal OCC/CS separations and to different PHICH resources (particularly in case of extended CP).

c. Maintaining Rel-8 optimality criteria such as maximum CS distances for the same OCC, etc. 

b) OCC/CS to layer mapping as in Table 1.
c) No changes to the Rel-8 sequence hopping operation.
a. UE-specific sequence hopping and/or decoupling of PUSCH and PUCCH sequence hopping may be further considered. 
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