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1 Introduction

In the RAN1#60bis meeting, it was agreed to introduce orthogonal cover codes (OCC) for Rel-10 uplink DM-RS: OCC can be used for both SU and MU-MIMO without increasing UL grant signaling overhead. In this contribution, we present our views on OCC configuration.
2 OCC configuration
In SU-MIMO, the CS indices for all layers can be computed from a single signalled index, e.g., the CS index for layer 1 (e.g., see [1][2][3]). In [5], different CS/OCC configuration examples were looked at in order to see how they behave in different uplink MU-MIMO cases. Below, we rewrite some specific examples. CSi and OCCi are the CS index and the OCC index for layer i, respectively. Here, for the sake of explanation, we assume that a same CS/OCC mapping across layers is applied whatever the number of transmitted layers.
2.1 Configuration example 1: OCC always used for SU-MIMO
In the example in Table 1, OCC indices 0 and 1 are used in a balanced way and OCC is always used for SU-MIMO with more than 2 layers. Cyclic shift values for CS1 written in red have been modified compared to cyclic shift values addressed in Rel-8, in order to allow for a separation of 3 cyclic shifts for different UEs with 1-layer transmission and OCC index equal to 1. Let us consider two MU-MIMO configurations with 8 Rx antennas.


[image: image1.emf]CS1 CS2 CS3 CS4 OCC1OCC2OCC3OCC4

0 6 3 9 0 0 1 1

2 8 5 11 1 1 0 0

3 9 6 0 0 0 1 1

5 11 8 2 1 1 0 0

6 0 9 3 0 0 1 1

8 2 11 5 1 1 0 0

9 3 0 6 0 0 1 1

11 5 2 8 1 1 0 0


Table 1: Example 1 of CS/OCC configuration.
Two Rel-10 UEs, each UE using 4-layer SU-MIMO:

[image: image2.emf]CS1 CS2 CS3 CS4 OCC1OCC2OCC3OCC4

UE1 0 6 3 9 0 0 1 1

UE2 3 9 6 0 0 0 1 1


Table 2: Two 4-layer Rel-10 UEs with example 1.
The separation of 3 cyclic shifts for layers sharing the same OCC index is achieved. However, UE1 and UE2 must have the same resource allocation, because some of their layers share the same OCC index.

Two LTE-A UEs, each UE using 2-layer SU-MIMO, and one LTE-A UE using 4-layer SU-MIMO:

There are 2 pairs of layers using OCC index 1, with a separation of 2 cyclic shifts. This might impact performance on channels with large delay spread. Also, UE1, UE2 and UE3 must have the same resource allocation.


[image: image3.emf]CS1 CS2 CS3 CS4 OCC1OCC2OCC3OCC4

UE1 0 6 3 9 0 0 1 1

UE2 3 9 0 0

UE3 5 11 1 1


Table 3: Two 2-layer Rel-10 UEs and one 4-layer Rel-10 UE with example 1.
2.2 Configuration example 2: OCC not used for SU-MIMO

The example in Table 4 also uses OCC indices 0 and 1 in a balanced way, but OCC is not used anymore for SU-MIMO. It has some impact on performance for 4 layers with 64-QAM [5]. Let us consider two MU-MIMO configurations with 8 Rx antennas.


[image: image4.emf]CS1 CS2 CS3 CS4 OCC1OCC2OCC3OCC4

0 6 3 9 0 0 0 0

2 8 5 11 1 1 1 1

3 9 6 0 0 0 0 0

5 11 8 2 1 1 1 1

6 0 9 3 0 0 0 0

8 2 11 5 1 1 1 1

9 3 0 6 0 0 0 0

11 5 2 8 1 1 1 1


Table 4: Example 2 of CS/OCC configuration.
Two Rel-10 UEs, each UE using 4-layer SU-MIMO:

[image: image5.emf]CS1 CS2 CS3 CS4 OCC1OCC2OCC3OCC4

UE1 0 6 3 9 0 0 0 0

UE2 2 8 5 11 1 1 1 1


Table 5: Two 4-layer Rel-10 UEs with example 2.
The separation of 3 cyclic shifts for layers sharing the same OCC index is achieved. UE1 and UE2 can have different resource allocations, because their layers do not share the same OCC index.

Two LTE-A UEs, each UE using 2-layer SU-MIMO, and one LTE-A UE using 4-layer SU-MIMO:


[image: image6.emf]CS1 CS2 CS3 CS4 OCC1OCC2OCC3OCC4

UE1 0 6 3 9 0 0 0 0

UE2 5 11 1 1

UE3 2 8 1 1


Table 6: Two 2-layer Rel-10 UEs and one 4-layer Rel-10 UE with example 2.
The separation of 3 cyclic shifts for layers sharing the same OCC index is achieved. UE1 can have a resource allocation which is different from UE2 and UE3.

2.3 Discussion on OCC configuration

For example 1, there exist MU-MIMO configurations where a cyclic shift separation of 3 indices between layers sharing the same OCC index is not achieved. This might degrade performance for channels with large delay spread. If it is deemed necessary, one bit for OCC configuration could be added (e.g., indicating OCC1, OCC indices for other layers being derived from OCC1), in order to solve this issue. This bit could be signalled semi-statically. Note that, in this case, configuring PHICH resources based on the CS indication would not be enough in order to avoid PHICH collision for 2 UEs with same CS indication but different OCC indices configured by higher layer. This higher layer configuration should be taken into account in the PHICH configuration.
Furthermore, using OCC in SU-MIMO prevents from having UEs with different resource allocations in some MU-MIMO configurations. On the other hand, OCC brings some performance gain in SU-MIMO with 4 layers and 64-QAM. One possibility could be to have two configurations (with/without OCC for SU-MIMO). Having OCC or not could be configured semi-statically. Semi-static configuration to turn-off OCC does not prevent from dynamically switching between SU-MIMO and MU-MIMO. The OCC semi-static configuration only applies to the kind of DM-RS optimisation which is performed, i.e., whether it is optimised for SU-MIMO or for MU-MIMO. Another possibility is a dynamic configuration by having some CS indices CS1 for which OCC is used and other indices CS1 for which OCC is turned off [4].
Both issues discussed in the two previous paragraphs only arise when UEs having more than 2 layers are multiplexed in the same resources. If most likely MU-MIMO scenarios only involve UEs transmitting one or two layers, additional OCC configuration is not necessary and CS/OCC configuration similar to example 1 can be considered.
3 Group/sequence hopping with OCC
Group/sequence hopping cannot be used in conjunction with OCC when two UEs share some resources in MU-MIMO but have different resource allocations. In order to allow MU-MIMO with OCC for Rel-10 UEs on unequal bandwidths, slot-level Rel-8 group/sequence hopping must be disabled. Furthermore, in this case, as discussed in the previous section, the same OCC index must be used for all layers of a given UE. Thus, we identify two configurations of interest for Rel-10 UL DM-RS:
· Configuration 1 optimised for SU-MIMO and equal-bandwidth MU-MIMO: 

· OCC enabled for SU-MIMO + Rel-8 group/sequence hopping enabled

· MU-MIMO for UEs with unequal bandwidths not allowed

· Configuration 2 optimised for Rel-10 UE MU-MIMO with unequal bandwidths:

· OCC not enabled for SU-MIMO + Rel-8 group/sequence hopping not enabled
· Sub-frame-level group/sequence hopping could be applied instead.
· SU-MIMO performance not optimised

· MU-MIMO between Rel-8 and Rel-10 UEs with different bandwidths not allowed
Each Rel-10 UE can be configured semi-statically. Another possibility is to link the CS index, the OCC index and the group/sequence hopping mode as proposed in [6]. The linkage should be chosen in order to implement both configurations above if MU-MIMO scenarios with UEs transmitting more than two layers are likely to happen.
4 Summary

Based on the discussion above, our preferences are, if MU-MIMO scenarios with UEs transmitting more than two layers are likely to happen:
· Possibility to jointly switch off OCC for SU-MIMO and slot-level group/sequence hopping

· either semi-statically

· or through an appropriate linkage of CS index, OCC index and group/sequence hopping mode

· Additional bit for semi-statically switching the OCC indices FFS

· In order to increase the CS separation for layers sharing the same OCC
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		UE2		4		10						1		1														UE2		3		9						1		1

		UE3		2		8						1		1														UE3		2		8						0		0

				CS1		OCC1																								CS1		OCC1

		UE1		0		0																						UE1		0		0

		UE2		3		0																						UE2		2		0

		UE3		6		0																						UE3		6		0

		UE4		9		0																						UE4		10		0

		UE5		0		1																						UE5		0		1

		UE6		3		1																						UE6		3		1

		UE7		6		1																						UE7		6		1

		UE8		9		1																						UE8		9		1

				CS1		CS2		CS3		CS4		OCC1		OCC2		OCC3		OCC4

		UE1		0		6		3		9		0		0		0		0

		UE2		4								1

		UE3		2								1

		UE4		10								1

		UE5		8								1





Feuil2

		





Feuil3

		






