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1 Introduction

According to the WI on for Coordinate Multi-point Operation for LTE Rel-11 [1] improvements to DMRS should be considered for, e.g., improving inter-cell DMRS orthogonality. This contribution aims at addressing the limitations of legacy randomization techniques for DMRS and compares some potential enhancements in light of extended MU-MIMO and inter-cell orthogonality.

2 Overview of Interference Randomization Mechanisms
DMRS interference randomization is supported since Rel-8 by, e.g., sequence/group hopping (SGH), which enables slot-specific randomization of the base sequence for each cell. However, OCC-based orthogonality is not effective when Rel-8/9 SGH is enabled, resulting in a limitation for MU-MIMO and some potential inter-cell DMRS orthogonalization techniques which are based on OCC.

In order to circumvent the above issues, UE-specific SGH deconfiguration was introduced in Rel-10 as a simple feature to allow MU-MIMO within a cell. Typically, SGH is expected to be deconfigured for UEs with high geometry and suitable channel conditions.

RAN1 is currently considering enhancements to inter-cell DMRS orthogonality to be introduced in Rel-11, mainly in light of UL CoMP applications. It appears useful to verify at this point if Rel-10 SGH is sufficient for allowing the full exploitation of any new features potentially introduced in Rel-11. Two potential complements to Rel-10 SGH are TTI-level hopping and swap/reverse hopping, as described in the following.
2.1 TTI-level hopping

In case of TTI-level hopping the base sequence is randomized per subframe instead of per slot, as in Rel-10. MU-MIMO is enabled within a cell for Rel-11 UEs (if both perform TTI-level hopping), while OCC-based intercell orthogonality is not possible even for Rel-11 UEs, unless CS-hopping patterns are configured in a UE-specific fashion [2]. Another possibility is to employ the same CS offset on both slots when TTI-slot is enabled.
TTI-level hopping does not allow MU-MIMO and/or inter-cell (OCC-based) orthogonality between Rel-11 UEs and legacy UEs. Furthermore, the interference randomization effect of TTI-level SGH is reduced as compared to slot-level hopping (whenever a sequence hit occurs, both DMRS symbols are interfered instead of typically only one).

2.2 Swap and Reverse Hopping (SRH)

With swap and reverse hopping (SRH) the DMRS for the two slots within a subframe are swapped, and time reversed (or, equivalently, conjugated in frequency domain). If the same hopping sequence is applied to paired UEs and one of them performs SRH (while the other one applies legacy Rel-8/9/10 SGH) OCC-based orthogonality can be achieved. At the receiver side, the conventional matched filter for DMRS estimation without additional modifications in the estimation algorithm is applied. Orthogonality may also be achieved between cells, provided that the hopping patterns are aligned for the interested UEs, both for CS-hopping and SGH.
SRH enables OCC-orthogonality between Rel-11 UEs and legacy UEs performing SGH. Furthermore, slot-level interference randomization is provided by SRH as with Rel-8/9/10 SGH.

Observations:

· Compatibility of SGH mechanisms and other DMRS enhancements may be taken into account in Rel-11
3 Simulation Results and Comparison

The performance of Rel-8 SGH, TTI-level hopping and SRH is evaluated in Figure 1 for a MU-MIMO configuration (2 x 1 x 4) and ETU channel @ 3km/h. In order to isolate the effect of link adaptation a single intermediate MCS is simulated (MCS=14). The SNR for UE1 is shown on the x-axis, while the SNR for UE2 is set to 20dB. Only the BLER for UE1 is shown in the plot, for a 6 RBs BW. The following cases are simulated

· Green line: TTI-level hopping (UE1 and UE2)
· Black line: SRH (UE1), Rel-8/9/10 SGH (UE2) 
Figure 1 indicates a small (~0.2dB) performance gain in interference randomization for SRH over TTI-hopping, due to the enhanced randomization on both slots.
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Figure 1: BLER performance for TTI-hopping (green) and SRH (black), MCS=14, interference SNR=20dB. 
Table 1 includes a functional comparison of hopping mechanisms, summarizing the discussion in Section 2. 
Table 1: comparison of different SGH mechanisms.
	
	Legacy SGH
	UE specific SGH disabling 
(Rel-10)
	TTI-level hopping
	SRH

	Compatible with MU-MIMO
	No
	Yes

	Yes
	Yes, with paired BW

	Compatible with OCC-based inter-cell orthogonality
	No
	Yes (if CS-hopping patterns can be aligned in Rel-11)
	Yes (if CS-hopping patterns can be aligned in Rel-11)
	Yes (if CS and SGH patterns can be aligned in Rel-11)

	Randomization granularity
	Slot
	None
	Subframe
	Slot

	Enables MU-MIMO/orthogonality with legacy UEs with SGH
	No
	No
	No
	Yes


Observations:

· Swap and reverse hopping (SRH) appears as an interesting candidate for the enhancement of SGH in Rel-11, in case such an enhancement is deemed necessary
· TTI-level hopping lacks backwards compatibility and achieves slightly weaker interference averaging compared to Rel-8/9/10 SGH

· OCC-based inter-cell orthogonality may be achieved only in conjunction with CS-hopping patterns alignment
4 Summary

This paper aims at addressing the limitations of legacy randomization techniques for DMRS and compares some potential enhancements. Based on the comparison and simple link simulations, the following first observations are made:
Observations:

· Compatibility of SGH mechanisms and other DMRS enhancements may be taken into account in Rel-11

· Swap and reverse hopping (SRH) appears as an interesting candidate for the enhancement of SGH in Rel-11, in case such an enhancement is deemed necessary

· TTI-level hopping lacks backwards compatibility and achieves slightly weaker interference averaging compared to Rel-8/9/10 SGH

· OCC-based inter-cell orthogonality may be achieved only in conjunction with CS-hopping patterns alignment
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