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1. Introduction
In order to achieve higher capacity and coverage, various advanced MIMO schemes, including high order MIMO, MU–MIMO and network MIMO are considered for LTE-Advanced system. The efficient operation of these advanced MIMO schemes depends on the proper reference signal design, which on one hand helps to obtain channel information as needed but on the other hand also demands high resource overhead. Large number of antennas as required by advanced MIMO schemes imposes a challenge for reference signal design, but at the same time, provides an opportunity of further system optimization.
In Athens meeting(RAN1-#56), a way forward[7] on DL RS for LTE-A is approved, which include the following aspects:

· Define two types of RS

· RS targeting PDSCH demodulation

· RS targeting CSI generation (for CQI/PMI/RI/etc reporting when needed)

· RS targeting PDSCH demodulation (for LTE-A operation) are

· UE specific

· Transmitted only in scheduled RBs and the corresponding layers

· Different layers can target the same or different UEs

· Design principle is an extension of the concept of Rel-8 UE-specific RS (used for beamforming) to multiple layers

· Details on UE-specific RS pattern, location, etc are FFS

· RSs on different layers are mutually orthogonal

· RS and data are subject to the same precoding operation

· complementary use of Rel-8 CRS by the UE is not precluded

· RS targeting CSI generation (for LTE-A operation) are
· Cell specific

· Sparse in frequency and time

The first bullet implies that RS design could be different for RS of channel measurement and RS of demodulation, and therefore achieve the required performance while maintaining the low overhead. The second bullet says that if UE specific RS are used for demodulation, they will only be transmitted on actual layers transmitted for PDSCH, not depending on the number of physical antennas. The third bullet indicates that RS for channel measurement should be cell specific and RS density can be low comparing with RS for demodulation.  The purpose of these design points is to reduce the unnecessary overhead while maintain the channel estimation accuracy and provide CSI with necessary quality.  

In this contribution, a number of design considerations and design options are discussed related to reference signal (RS) design for MIMO in downlink, including

· Reference signal design for channel measurement
· Reference signal design for demodulation
· Virtual antenna mapping
This is a modified version of contribution R1-090751.with some new content.
2. Reference signal design for channel measurement
In order to further improve system capacity and coverage, enhanced downlink MIMO schemes are proposed in LTE-Advanced, such as high order MIMO for SU-MIMO, MU-MIMO and CoMP MIMO. Applicability of these MIMO schemes, as well as downlink scheduling schemes, depends on reliable measurement of channel state information and efficient signaling to feedback this information. Reference signal (RS) with reasonable overhead plays critical role for channel measurement.
In LTE release-8 system, downlink channel measurement (CQI, Rank and PMI) is based on cell specific reference signals (CRS) for 2 or 4 antenna ports, depends on number of antenna ports as deployed in the cell. These cell specific reference signals are also used for downlink data demodulation. Overhead of these RS is about 15% which is mainly designed for data demodulation, but could be a bit overdesigned for channel measurement. 
By introducing enhanced MIMO schemes in LTE-advanced as mentioned above, more antenna ports are inevitable. For SU-MIMO, as an example, up to 8 antenna ports are required in some, if not all, scenarios in order to achieve peak spectrum efficiency requirement [6]. Overhead of required RS could increase dramatically if the same RS design methodology is adopted as in release-8 and therefore spectrum efficiency in such data rate enhancement schemes may be largely reduced or completely diminished.
In order to optimize RS design for channel measurement in LTE-advanced system, the following issues could be considered:

· Different design principles for channel measurement RS and data demodulation RS. RS for data demodulation normally requires higher density and can be UE specific, as to be discussed in the next section. RS for channel measurement on the other hand, requires relatively lower density and can be configured according to system deployment.
· Among channel measurement quantities, CQI and rank are the necessities to optimize system performance using variety of advanced adaptation and scheduling schemes, like adaptive modulation and coding, multi-user scheduling, rank adaptation, etc. It is also understood that CQI and rank have less variation in time and frequency, especially when MIMO order is high.  On the other hand, precoding matrix and PMI feedback depends on various techniques in CL MIMO design and an alternative method is available, as discussed in [4]. So it may not be necessary to have the same channel measurement RS design for PMI and CQI/rank. 
Base on above considerations, the following mechanisms can be considered as candidates of RS design for channel measurements:
· Cell specific reference signals (CRS) corresponding to all antenna ports (up to 8 antenna ports) are transmitted periodically for CQI/rank measurement. The period in time and granularity in frequency of such transmission are configurable. 

· When both LTE and LTE-advanced UE share the same carrier, legacy CRS is retained for channel measurement (and data demodulation as well, as discussed in the next section) by LTE-A UE. Additional CRS is allocated for LTE-A UE, together with legacy CRS, to accomplish the channel measurement. Instead of allocating wideband CRS for each additional antenna port as in Rel-8 legacy system, one or combination of several allocation methods, as shown in the following, can be considered for further overhead saving:
· Additional CRS is transmitted in every 5 ms or 5N subframes, and is allocated in the same RBs as PSCH/SSCH is located. Wideband CQI/rank can be measured. 
· Additional CRS is transmitted in every one or N subframes, and is allocated in the unused PHICH in PDCCH. Wideband CQI/rank can be measured. 
· Additional CRS is transmitted in every one or N subframes, and is allocated in the pre-reserved CCE in PDCCH. Wideband and narrowband CQI/rank can be measured.
· Other CRS, if defined for LTE-A UE for DL transmission, can also be used for channel measurement. 

In general, CRS, including legacy CRS if available, are served for channel measurement. Allocation of such CRS can be configurable and on demand basis. 
3. Reference signal design for demodulation
One of the enhanced MIMO schemes is high order MIMO with up to 8 Tx antennas in order to boost peak spectral efficiency for nomadic UE or indoor environment. More detailed design considerations can be found in [4] and [6-7].  Here we focus on the reference signal design aspect in the carrier(s) where LTE UE and LTE-A UE co-exist (legacy support mode). 
2/4 Tx antenna ports are defined for LTE UE and up to 8 antenna ports are to be defined for LTE-A UE. To achieve this, virtual antenna mapping is recognized by several companies as an inevitable step [3-5]. According to virtual antenna mapping, both LTE UE and LTE-A UE share the same wideband CRS (legacy CRS) as defined in release-8 for PDCCH and PDSCH. As pointed out in [4], up to 4-Tx antenna ports are preferred for TxD in PDCCH, and no extra CRS is introduced in PDCCH for TxD beyond order of 4. We are considering the following aspects for designing reference signal for LTE-A UE

· Channel measurement is taken care by CRS as described in the previous section.
· Depending on the need and channel condition, different LTE-A UE may see different numbers of antenna ports since not every UE can enjoy the same benefit from the same high-order MIMO transmission.

· For PDSCH demodulation, the system maintains the legacy CRS for LTE UE. In order to save overall system overhead and reduce receiver complexity, UE specific RS (DRS) should be considered for LTE-A UE, which can be adaptively allocated on per UE/RS basis. Here, DRS could be defined in a more general sense such that it could be allocated for the demodulation of a specified UE or a group of UEs.  It can be applied to either CL MIMO or OL MIMO. 
· For design efficiency, legacy wideband CRS should not be sidelined for LTE-A UE demodulation, even after additional DRS is used for DL transmission.
· In order to take full advantage of 8-Tx MIMO, RS design plays a more important role in optimizing MIMO transmission.

Based on the above considerations, following design options can be offered in LTE-A system:
· For CL-MIMO, both legacy CRS and DRS can be used for LTE-A UE demodulation. Precoding matrix is optimized according to channel state information and virtual antenna mapping matrix. Precoding matrix is applied to either data tone only or both data and DRS tones. The following RS combinations can be considered as options for demodulation depending on the number of layers transmitted:

· In addition to the legacy CRS supported by Rel-8, some non-precoded DRS ports could be introduced in those region supporting LTE-A high-order MIMO

· Using precoded DRS ports in the region supporting LTE-A high-order MIMO and the number of DRS ports would depend on the number of layers transmitted and assigned on per UE basis.

· Using the combination of the legacy CRS and the additional precoded DRS for the demodulation of higher-order MIMO transmission, based on the trade-off between performance and RS overhead 
· In the case of OL-MIMO, space multiplexing or its variation is applied to UE near cell center and moving at high speed. One or more DRS are allocated to such UE depending on number of layers transmitted.
The additional RS ports introduced for high-order MIMO in LTE-A could have less density in time direction compared with that in Rel-8 based on the consideration that UE receiving high-order MIMO are normally with low mobility and could be scheduled with a number of contiguous RB.   

4. Virtual antenna mapping

In LTE-A system, the eNB could support large number of physical antennas which could surpass 4, and is up to 8. The physical antennas mentioned here are considered with relatively large spacing and low correlation. Such large number of antennas could impose one issue, which is backward compatibility of LTE UE. This is because for LTE UE, the maximum number it could support is 2-4. There are several ways of supporting LTE UE in a LTE-A system with antenna number > 4 and the most straightforward solution is to use virtual antenna mapping.
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Figure 1: Virtual antenna mapping

As shown in Figure 1, virtual antenna mapping is to map the virtual antenna ports to the physical antenna ports. To the UE, it should only see the virtual antenna ports and should not be aware of the existence of physical antenna ports. In another word, the physical antenna ports should be transparent to the UE. 

As LTE UE could support up to 4 antenna ports while LTE-A UE could support up to 8 antenna ports, the virtual antenna mapping for these two types of UE could be different. The simplest way to achieve virtual antenna mapping is to use fixed precoding method, which is shown in the following equation, 
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In the above equation, 
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 is the transmitted signal vector from the physical antenna ports and 
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is the transmitted signal vector from the virtual antenna ports. 
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 is a unitary matrix and contains up to 8 column vectors, which are orthogonal to each other. 
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is a normalization factor. So depending on the number of virtual antenna ports being required, the number of columns in 
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 could vary. For example, if 4 virtual antenna ports are needed to form, 
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 is formed by the first 4 column vectors. If 8 virtual antenna ports are required, all 8 column vector are needed to form 
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.  In a word, maximum of 8 virtual antenna ports could be mapped onto 8 physical antennas.
Such virtual antenna mapping could easily achieve the purpose of supporting different antennas ports for different types of UE in a LTE-A system where the eNB supports large number of physical antennas (> 4).  For example, for LTE UE, which supports 4 antenna ports, the following mapping could be used 
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where 
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,...,

2

,

1

,

=

i

x

i

are signals transmitted from different virtual antenna ports. For LTE-A UE, which supports 8 antenna ports, the mapping could change to 
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So depending on how LTE-A UE and LTE UE are multiplexed together on the same carrier, either using FDM or TDM methods, such virtual antenna mappings could be applied accordingly. 
Similarly, RS signals should be mapped from virtual antennas to physical antennas as well. As RS on virtual antenna ports are orthogonal to each other, namely, they occupy different RE,  RS on virtual antenna port 0 could be mapped to physical antenna ports as follows
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Where 
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is a power boosting factor, which should be invariant to the number of virtual antennas. Similarly RS on virtual antenna port 1 could be mapped to physical antennas in a way 
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. The UE could distinguish RS from different virtual antenna ports based on their different locations.
It should be mentioned that the normalization factor 
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could vary depending on the number of virtual antenna ports to maintain total transmission power unchanged. As RS_EPRE are invariant to the number of virtual antennas, varying 
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 will lead to different ratio between RS_EPRE and PDSCH_EPRE depending on virtual antenna numbers. However, such variation in ratio between RS_EPRE and PDSCH_EPRE could be derived by the UE from the virtual antenna number, so there should be no issue for the UE to estimate the PDSCH_EPRE from RS_EPRE.
5. Conclusion

Considerations and potential design options regarding downlink reference signal are discussed in this contribution for LTE-A MIMO. 
· RS for channel measurement could be designed separately from RS for demodulation in order to reduce the overall overhead and thus make enhanced MIMO schemes more efficient while provide CSI with necessary quality. 
· RS for demodulation can either be those retained legacy CRS or combination of legacy CRS and DRS depending on number of layers transmitted for CL or OL MIMO and channel environment.
· Virtual antenna mapping could be used to achieve the purpose of supporting both LTE and LTE-A in a LTE-A system where eNB supports large number of transmit antennas (>4). 
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