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1. Introduction

The UE-specific reference symbol (RS) overhead has been agreed [1] [2] and consists of a total of 12 resource elements (REs) for rank 1-2 operation in both LTE Release 9 dual-layer beamforming as well as for LTE-Advanced. Given the requirement for forward compatibility [12], a clean and unified UE-specific RS pattern across Rel-9 dual-layer beamforming and LTE-Advanced transmission modes/features (MIMO, CoMP) should be aimed for, and thorough studies are necessary to reach this goal. In a companion contribution [5] we present and analyze several UE-specific RS multiplexing schemes for LTE-Advanced, while in this paper we focus our attention on the same candidate designs for the dual-layer beamforming scenario in LTE Release 9.
2. UE-specific RS Multiplexing for dual-layer beamforming
UE-specific RS multiplexing design criteria for LTE-Advanced discussed in more details in [5] apply as well for dual-layer beamforming. In the following we highlight the key issues to be considered in LTE Release 9.  
· Overall RS overhead: the agreed [1] [2] overhead of 12 resource elements for dual-layer operation has been showed in various contributions to provide with good performance. RS multiplexing schemes (TDM, FDM or CDM) and associated exemplary patterns considered herein fulfil this agreement.
· Multi-user MIMO: There has been recent debate with respect to support transparent or non-transparent operation when considering the UE-specific RS in multi-user (MU) context. Transparent MU-MIMO is supported already in LTE Release 8 [6] [10], while similar gains [6] can be assured in Release 9 as well. Our choice of UE-specific RS pattern ensures such transparent operation, as shown further in the contribution. Moreover, despite the fact that Release 9 work item [12] targets only single-user beamforming during a very tight schedule, we do believe that certain aspects need to be taken into account in Release 9 single-user beamforming DRS pattern design not to hamper smooth introduction of more advanced standards specified multi-user beamforming later under LTE-Advanced CoMP framework.
· Flexible manipulation of RS transmit power allocation, per layer and/or between layers, needs to be considered. 
Considering the previous design criteria and taking into account the RS overhead agreements from RAN1#57 [2], we restrict the following discussion to remaining candidate multiplexing schemes for UE-specific RS and list their respective pros and cons. 
TDM UE-specific RS
The TDM design stems from Rel’8 UE-specific RS described in more detail in [4] . A total of 12 REs are used for one and two-layer beamforming, as shown in Figure 1. One of the challenges with TDM multiplexing is the power sharing flexibility and complexity between two spatial layers given that two UE-specific RS ports will not be located in the same OFDM symbol. Additionally, if two layers are used in multi-user mode, one UE-specific RS port for each spatial layer, this leads to two different rank-1 UE-specific RS patterns and different overhead than what has been agreed [2], i.e. 6 RE v.s. 12 RE rank-1 transmission, depending on whether the UE is scheduled in single- or multi-user mode, which makes the scheme non-transparent and likely involves additional signaling. While building on top of Rel’8 UE-specific RS could have some advantage in terms of continuity of specifications as well as implementation, following such approach should be carefully considered in the light of the enumerated drawbacks.

[image: image1]
Figure 1: TDM UE-specific RS for two layers. Hash positions represent UE-specific RS, while the indexes refer to the corresponding spatial layer.
FDM UE-specific RS

FDM multiplexing consists in placing UE-specific RS for several spatial layers into the same OFDM symbol, rather than using the time dimension to separate the layers as TDM multiplexing does. One advantage of FDM multiplexing is the possibility for almost arbitrary power balancing between the layers, as pointed out in [12]. While several contributions [11], [12] have investigated the FDM pattern with placement at the very PRB edge (that is first and last OFDM data symbols in time while also trying to capture resource elements at PRB edge in frequency), one should note the potential use of four control symbols as well as the collision with synchronization and broadcast channels. A tentative pattern is considered in Figure 2. Similar as TDM design, if two layers are used in multi-user mode, it leads to two different rank-1 UE-specific RS patterns and overhead than what have been agreed [2].
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Figure 2: FDM UE-specific RS for two layers. Hash positions represent UE-specific RS, while the indexes refer to the corresponding spatial layer. 
CDM UE-specific RS
A CDM pattern yields another candidate allowing, for example, more flexible power sharing between two spatial layers and easier introduction of transparent multi-user operation from power allocation and PDSCH resource utilization perspective. 
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Figure 3: CDM UE-specific RS, support for dual-layer beamforming. CDM code length of two across temporal dimension; D1-2 refers to a UE-specific position used by two spatial layers.  
The operation mode of CDM is as follows: both rank-1 and rank-2 use 12 REs with two length-2 codes running on pairs of adjacent resource elements. The overhead agreement is satisfied, meanwhile the power allocation for each layer can be made flexible and transparent to UE since both layers are using exactly same set of resource elements for both UE-specific RS and PDSCH transmission assuming no power boosting on UE-specific RS which was shown to be minor gain in Release 8 single-layer beamforming. Transparent multi-user operation is achieved by allowing the user operate seamlessly in rank-1 SU/MU at the benefit of flexible signalling [8]. Grid of Beams-type of SDMA can provide high MU-MIMO gains, as shown in [6].

2. UE-specific RS performance
In this section we investigate the performance of TDM, FDM and CDM UE-specific RS multiplexing. In order to ease the comparison, a few MCS classes were selected. Ideal full channel information was assumed at the transmitter, corresponding to ideal UL sounding in case of TDD model. However, the latter is difficult (if not impossible in FDD) to achieve in practice. UL sounding process can suffer from delays due to UL sounding multiplexing, antenna switching or partial channel state available due to asymmetric Tx/Rx chain at UE. From this perspective, we do believe that very high mobility is not a realistic scenario for dual-layer beamforming. Thus we have considered low to moderate mobility in this study. SCM urban macro environment with cross-polarized antennas has been considered. Detailed simulation assumptions are found in the Appendix. 
Performance of dual-layer beamforming, simulated assuming previously presented patterns, is shown in Figure 4 and Figure 5 for SCM channels for 3kmph and 60 km/h mobility, respectively.

[image: image4]
Figure 4: Dual-layer beamforming, SCM channel, cross polarized antennas, 3 km/h velocity.

[image: image5]
Figure 5: Dual-layer beamforming, SCM channel, cross polarized antennas, 60 km/h velocity.
3. Discussion

Simulation results previously presented indicate similar performance in low mobility for the considered multiplexing methods. Assuming moderate mobility, FDM placement performs best, while CDM method is experiencing a marginal loss. While such performance figures are important in the analysis, these are not the only factors to be considered. It was agreed that both single and dual-layer beamforming will operate on same set of 12 REs for UE-specific RS, and dynamic/fast rank adaptation is supported. With TDM or FDM approaches one has to operate on a subset of 6 REs rank-1 transmission if one wants to support orthogonal UE-specific RS based rank-1 MU-MIMO transmission. Hence, both TDM and FDM lead to two rank-1 patterns depending whether the UE is scheduled in single- or multi-user mode. From this perspective, CDM ensures smoother operation with a single rank-1 pattern for either SU- or MU-MIMO, while efficient signalling can be assured [8]. 

	
	CDM
	TDM (R8 evolution)
	FDM 

	Multi-user transparency
	Excellent: 12 REs always used for both rank-1 SU-/MU-MIMO
	Signalling needed for data puncturing and channel estimation on 6/12 REs
	Signalling needed for data puncturing and channel estimation on 6/12 REs

	RS-to-data power signalling
	Not needed (DRS EPRE = data EPRE)
	Implicit from above signalling.
	Implicit from above signalling.

	Power sharing flexibility between spatial layers
	Excellent
	Bad: RS for different layers TDM:d across OFDM symbols leads to inefficient power sharing
	With limitations (as in Rel8 power boosting)

	Demodulation performance (low to moderate mobility)
	Very good
	Very good
	Excellent


Table 1: Comparison of main multiplexing RS methods.
4. Conclusions

In this contribution we discussed various aspects of precoded UE-specific RS for dual-layer beamforming in Release 9. Several main candidate RS multiplexing schemes have been presented, while criteria to be satisfied by the design have been enumerated and analyzed. We compared the performance of the proposed patterns by means of link-level simulations assuming low to moderate UE velocity. While the UE-specific RS pattern needs also to be considered for LTE-Advanced, we strongly support the adoption of a single RS design, for both Rel’9 and LTE-Advanced operation. A CDM pattern was found to offer best package in terms of performance/flexible operation for single-user beamforming allowing smooth introduction of multi-user beamforming in LTE-Advanced.
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Appendix – Simulation assumptions
Table 2 Simulation assumptions

	Parameter description
	Value / Comment

	Transmission bandwidth
	5 MHz

	Channel model, UE velocity, spatial correlation
	SCM Urban Macro -3, 60 km/h, with x-polarized antennas 

	Antenna configuration
	8 Tx / 2 Rx antennas

	Detector
	MMSE receiver

	PDCCH / PDSCH configuration
	3 / 11 OFDM symbols per sub-frame

	Channel coding (PDSCH)
	Rel’8 turbo coding, CBRM

	Modulation, code rates
	PDSCH link adaptation over Rel’8 MCS

	HARQ
	Not used

	Number of allocated PRBs
	6 PRBs scheduled

	Precoding
	SVD, ideal UL sounding

	Precoding granularity
	per PRB

	Transmission rank
	Rank-2 (no rank adaptation)

	Number of codewords
	2 codewords

	Common reference signal configuration
	Rel’8 CRS in every sub-frame, maximum 2 ports

	UE-specific RS multiplexing
	FDM/TDM/CDM

	UE-specific reference symbols density
	6 resource elements per layer in terms of power

	CQI delay 
	no CQI delay

	Channel estimation for CQI computation
	Ideal

	Channel estimation for demodulation
	Per PRB 2D realistic channel estimation on UE-specific RS
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