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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. Little progress was achieved in RAN1#61 but defining a new Sequence Group Hopping (SGH) mechanism has rather broad support provided that there is no big standardization effort and there are concrete benefits in performance. Additional aspects that need to be resolved for the application of OCC to the UL DMRS include the CSI to OCC/CS mapping and the OCC/CS to layer mapping for SU-MIMO.
This contribution further considers the above aspects.

2 Sequence Group Hopping
It is well known that SGH is critical for avoiding large cross-correlations among the CAZAC sequences used for the UL DMRS transmission and is preferable to CS Hopping (CSH). Figure 1 presents the cross-correlation between a length-12 CAZAC sequence (1 RB, source) and a length-36 CAZAC sequence (3 RBs, interference) with SGH but without CSH (blue – the dependence on the actual CS is minimal and omitted for clarity) and without SGH but with CSH (red lines capturing the combinations for the different sequences indexes) [1]. It is easily observed that without tight sequence planning (which may be infeasible), CSH alone is not enough to avoid the occurrence of large cross-correlation values which can cause error floors. In fact, with SGH enabled, CSH has only a minor complementary role.
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Figure 1: Cross-correlation values with SGH and without CSH (blue) and with CSH and without SGH (red).
Therefore SGH should be maintained in Rel-10, as it is essential for the PUCCH (to maintain Rel-8 compatibility in using PUCCH resources and avoid large cross-correlations among length-12 CAZAC sequences especially since the target BER/BLER are low and there is no HARQ) and for PUSCH transmissions with small RB allocations (e.g. SPS). 

The only reason for considering disabling SGH in Rel-10 is for enabling MU-MIMO with unequal PUSCH BWs. This represents different operating conditions than those for the PUCCH or for the PUSCH with small RB allocations as MU-MIMO with unequal PUSCH BWs does not provide any meaningful benefits when applied to PUSCH transmissions with 1-2 RB allocations. For larger sequence lengths, even the maximum cross-correlations (no SGH) are comparable to the median/mean cross-correlations (with SGH) for the smallest sequence lengths (Table 1). Obviously, with CSH, the maximum cross-correlation values will not be observed within a sub-frame. Therefore, with CSH but without SGH, the average cross-correlation experienced within a sub-frame for sequences with lengths above 24 (PUSCH allocations above 2 RBs) will be noticeably smaller than the mean/median cross-correlation experienced with SGH and CSH for sequences of length 12 (used for the PUCCH transmissions which require the highest reliability). 
Table 1: Mean/Median and Maximum Cross-Correlations for the Smaller CAZAC Sequence Lengths.
	
	Mean x-corr (all CS)
	Median x-corr (all CS)
	Maximum x-corr (all CS)

	Length-12 CG 
	0.26
	0.24
	0.67

	Length-24 CG 
	0.18
	0.17
	0.52

	Length-36 EZC
	0.17
	0.16
	0.27

	Length-48 EZC
	0.14
	0.14
	0.29

	Length-60 EZC
	0.13
	0.13
	0.25

	Length-72 EZC
	0.12
	0.12
	0.23


Although Table 1 is not exhaustive and somewhat larger cross-correlations will exist among sequences of different lengths, the average cross-correlation of sequences with lengths above 24 with CSH and without SGH is always smaller than the mean/median cross-correlation of sequences with length 12 and SGH/CSH. Therefore, SGH is needed for length-12 and length-24 sequences but it is not necessary for sequence lengths of 36 and above, especially considering the existence of CSH. 
Based on the above, the simplest way to disable SGH in Rel-10 (given that, for practical reasons, SGH will be enabled by the eNodeB and it is cell-specific) in order to facilitate support of MU-MIMO with different PUSCH BWs is through higher layer signaling. This will be similar to implicitly configuring a transmission mode to a UE (and higher layer signaling is sufficient). Alternatively, any signaling can simply be avoided by disabling SGH (by default) for PUSCH resource allocations above a certain threshold (e.g. 3 RBs). However, this seems too drastic and higher layer signaling disabling of SGH is preferable. 
Obviously, with CSH, there is no benefit in having sub-frame level SGH, even under the worst case scenario that the interference and the channel medium remain exactly the same during HARQ retransmissions (which is unrealistic).
Regarding dynamic indication of SGH ON/OFF through the PDCCH, the use of some CSI states to indicate SGH ON and the use of the remaining CSI states to indicate SGH OFF should be avoided. Even though the associated specification complexity is marginal, the flexibility for PHICH resource indication will be constrained relative to Rel-8. Maintaining the Rel-8 flexibility in the PHICH resource assignment is even more important in Rel-10 due to the introduction of UL SU-MIMO and particularly if no additional mechanism is introduced to offset the PHICH resources in case of UL CA. Further considering the absence of meaningful justification for SGH in case of PUSCH transmissions above 2 RBs (with CSH), dynamic SGH indication may be possibly justified only if it is for “free”.
It is also noted that regardless of whether SGH disabling in a UE-specific manner is supported, the UE should always follow the cell-specific eNodeB indication for SGH in case of SU-MIMO transmissions with rank-3 or rank-4. 

3 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) CSI mapping to maximal OCC/CS separations should result to different PHICH resources (particularly for extended CP).

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

Based on the above conditions, the CSI to OCC/CS mapping for Rel-10 UEs should have the following properties:

a) CSI values indicating OCC {1, 1} should indicate different CS than for Rel-8 UEs. 

b) An equal number of CS is associated with OCC {1, 1} and with OCC {1, -1}.

c) Different CS are associated with OCC {1, 1} and with OCC {1, -1} (orthogonality in two domains). 

d) Maximize the separation of CS values mapping to the same OCC. 

Table 2 provides the suggested CSI to OCC/CS mapping for Rel-10 UEs. For ease of comparison, Table 3 provides the CSI to OCC/CS mapping for Rel-8/9 UEs.
Table 2: CSI CS/OCC Mapping for Rel-10 UEs.   
	CSI
	000
	001
	010
	011
	100
	101
	110
	111

	CS
	2
	8
	5
	11
	1
	7
	4
	10

	OCC 
	1
	1
	1
	1
	0
	0
	0
	0


Table 3: CSI CS/OCC Mapping for Rel-8/9 UEs.   
	CSI
	000
	001
	010
	011
	100
	101
	110
	111

	CS
	0
	6
	3
	4
	2
	8
	10
	9

	OCC 
	0
	0
	0
	0
	0
	0
	0
	0


4 OCC/CS to Layer Mapping
Based on the results in [2, 3], 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 3.
Table 4: 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


5 Conclusions

This contribution reviewed the remaining aspects for the OCC application on the UL DMRS and proposes the following:
a) If supported, UE-specific SGH disabling is by higher layer signaling (and only for the PUSCH).

a. There is no need for sub-frame based SGH. 

b) CSI to OCC/CS mapping as in Table 2.
c) OCC/CS to layer mapping as in Table 4.
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