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

· Some high level issues related to LTE-A RS design
· Reference signal design for channel measurement
· Reference signal design for demodulation
This contribution can be served as a starting point for further investigations and discussions on reference signal design for LTE-advanced system.
This is a modified version of contribution R1-084468
2. Some high level issues related to LTE-A RS design
Introducing additional RS in LTE-A is an integrated part of full system design, especially when backward compatibility is one of the main requirements. Several high level issues need to be addressed such that more detailed RS design can take shape. 
a. Which resource partition scheme will be use for LTE and LTE-A operation, Subframe based partition(TDM) [9, 10], or RB/Subband based partition (FDM) [5] In the subframe based partition, LTE-A only subframe is introduced for LTE-A operation. As a result, radio frame is interlaced by subframes for different types of operations (Rel-8 Unicast, Rel-9/10 Unicast, Rel-8 MBSFN, Rel-9/10 MBSFN, Relay, etc.). UE signaling mechanism is simple for subframe based partition, but measuring and feedback delay is likely prolonged for each type of operation. FDM based partition between LTE and LTE-A has more UE signaling complexity, but provides more scheduling flexibility and resource usage is more efficient, especially in the case of carrier-aggregation deployment. Measuring and feedback delay is almost not affected. 
b. Which RS design philosophy should we adopt for additional RS in LTE-A, CRS based design, as provided in Rel-8, or DRS based design? CRS based design [1, 9,10] is a natural extension of the release-8 RS structure and can used for both channel measurement and data demodulation. In order to keep overhead at reasonable level, RS density for addition antenna ports has to be  low and the quality of channel estimation of the additional ports may not be able to reach the same level as antenna ports 0-3. DRS based design depends on the layers transmitted and take both RS overhead and channel estimation quality into consideration when introduce RS for additional antenna ports. Channel measurement could be accomplished by Rel-8 CRS and low density additional CRS in a radio frame.     
The remaining sections of this contribution will provide some RS design details according to DRS based design.
c. ‘Virtual antenna’ concept has been mentioned for enabling backward compatibility [2, 8, 12] for 8-Tx in Rel-9/10. The general concept is mostly agreed although the details need to be specified.
3. 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 these 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 overdesign 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 through the use of 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 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 th 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. 
4. 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.
· Depends 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 may be used depending on the number of layers transmitted:

· For 1 to 4 layer transmission, either use legacy CRS, or using legacy CRS plus one (or more) DRS, based on the trade-off between performance and overhead.
· For 5 or more layer transmission, using legacy CRS plus one or more DRS. 

· 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
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. 
· 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.
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