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1 Introduction
Since higher order MIMO up to 8x8 multi-antenna configuration is necessary to achieve the peak spectrum efficiency target [1], a new reference signal (RS) design supporting up to 8 layer transmissions has to be defined in LTE-A.

In 3GPP RAN1 WG1#56 in Athens, Greece, February 2009, companies shared their views on the DL RS design for higher order MIMO [4]--[12] and agreed on a way-forward in R1-091066 [2]. The conclusions are copied below:
· 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
2 New RS Mapping in LTE-A Frames
Figure 1 shows an example RS mapping in 10 subframes of a Rel-10 frame according to the principles agreed in the way-forward [2]. The new CQI RS is assigned in every fifth subframe starting from subframe #1, where the CQI RS can be allocated either in the system RBs or only in a subset of system RBs. UE-specific precoded DM RS can be allocated in the RBs where 8-Tx transmissions take place, in addition to the LTE cell-specific RS. 
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Figure 1: RS mapping in a frame.
2.1 CQI-RS in the PDSCH region
For measurements from 8-Tx channels, additional sets of RS REs for the new CQI RS can be inserted in the PDSCH region. In the RBs where the new sets of RS REs are allocated, Rel-8 DL transmissions may still be allowed with the eNodeB choosing the appropriate MCS while accounting for the performance loss caused by the CQI RS insertion. Rel-8 UEs may then demodulate packets without knowing the CQI RS insertion. The performance evaluation results of such a Rel-8 transmission are given in the companion contribution [13].
The density of new CQI RS REs should be carefully chosen for balancing the following two conflicting goals:

· Marginal loss of MCS for LTE UEs and small RS overhead increase for LTE-A UEs.
· Acceptable CQI/PMI/RI measurement performance. 

In the previous meeting, antenna virtualization on Rel-8 cell-specific RS was discussed as a UE-transparent mean to provide larger coverage for the DL control signalling with fully utilizing the PAs in all the Rel-10 (up to 8) Tx antennas. However, antenna virtualization may have some adverse impact on Rel-8 UEs’ DL spatial multiplexing performance, since Rel-8 DL spatial-multiplexing precoder codeword design is better-suited without antenna virtualization. 

Depending on how to utilize the antenna virtualization, there are three alternatives to design Rel-10 CQI RS as listed below:

· Alternative 1. Antenna virtualization applied on Rel-8 cell-specific RS (up to 4), and up to 8 new CQI RS provided for Rel-10 UEs: With antenna virtualization employed for Rel-8 cell-specific RS, we may want to have all eight Rel-10 CQI RS not-precoded, for the UE to measure the physical antenna channels and to calculate to feed back clean CQI/PMI/RI to the eNodeB. 
· Alternative 2. Antenna virtualization applied on Rel-8 cell-specific RS (up to 4), and additional CQI RS provided for Rel-10 UEs: In this alternative, we still exploit the advantage of the antenna virtualization, while we allow the additional CQI RS also precoded, i.e., additional antenna ports are virtualized as well. Then, Rel-10 UEs measure these precoded channels to calculate to feed back CQI/PMI/RI to eNodeB.

· Alternative 3. No antenna virtualization applied on Rel-8 cell-specific RS (either 2 or 4), and additional CQI RS (either 6 or 4) provided for Rel-10 UEs: In this alternative, we do not exploit the advantage of the antenna virtualization, but Rel-10 UEs can measure the eight physical antenna channels.

Among these alternatives, Alternative 3 may not be a good solution since each antenna in Rel-10 eNodeB may emit 1 eighth of the total eNodeB power, then the PDCCH control signalling relying on the up to 4-Tx Rel-8 Tx diversity may suffer from coverage loss. Between Alternatives 1 and 2, Alternative 2 has obviously smaller RS overhead than Alternative 1, since Alternative 1 inserts more sets of CQI RS than Alternative 2. On the other hand, the benefits of Alternative 1 over Alternative 2 are not clear. We may need further investigation whether estimating the physical channels for the feedback of PMI/CQI/RI has benefits over measuring the precoded channels or not. 
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Figure 2 CQI RS RE mapping in one RB in a subframe

Figure 2 shows some possible patterns of CQI RS mapping according to Method 1 in one RB in a subframe when Rel-8 4-Tx transmission is supported. 
· In CQI RS pattern 1, one OFDM symbol has four new RS REs for the four additional antenna ports in 12 subcarriers. When a physical antenna port is mapped onto each set of RS REs, the eNodeB may boost power of the RS for an antenna port by up to 6 dB, exploiting the fact that the antenna port does not send signals in the other three sets of RS REs. This way, low CQI RS density is maintained while at the same time channel estimation performance is improved.
· In CQI RS pattern 2, Walsh-Hadamard (WH) codes apply to the RS in two consecutive OFDM symbols and in two consecutive REs having RS transmission. The WH codes are:
· RS4: {1, 1} in the time domain and {1, 1} in the frequency domain.

· RS5: {1, 1} in the time domain and {1, -1} in the frequency domain.

· RS6: {1, -1} in the time domain and {1, 1} in the frequency domain.

· RS7: {1, -1} in the time domain and {1, -1} in the frequency domain.
· As a result, on Rel-10 port 4 in Figure 2(b), RS4+RS5+RS6+RS7 is mapped; on Rel-10 port 5, RS4-RS5+RS6-RS7 is mapped; on Rel-10 port 6, RS4+RS5-RS6-RS7 is mapped; and on Rel-10 port 7, RS4-RS5-RS6+RS7 is mapped, where RS4, RS5, RS6 and RS7 implies the RS for cell-specific antenna ports 4, 5, 6 and 7.
· This pattern would show better performance when the channel is less time- or frequency- selective.
· In CQI RS pattern 3, CDM is applied on each set of four adjacent RS REs through Walsh covering of length four. Since the RS REs are allocated in multiple adjacent OFDM symbols on one RE, channel estimation performance will improve when the channel is less time-selective. 
· In CQI RS pattern 4, one whole OFDM symbol is used for CQI RS. When this pattern is used in a backward compatible subframe, the Rel-8 UEs’ demodulation performance is severely degraded, as shown in[13].
2.2 UE-specific precoded DM RS
This section summarizes a few discussion points on the DM RS.
Discussion point 1: DM RS design that is also suitable for CoMP.

It has been decided that the demodulation of CoMP PDSCH will be also based on UE-specific RS. For CoMP PDSCH, potential collisions may exist among different REs from different cells in the so-called “active CoMP set”. To be specific, there may be potential collisions among PDCCH and CoMP PDSCH and potential collisions among Common reference signals (CRS) and PDSCH. Since CoMP is mainly targeted for cell-edge, low SINR, UEs, its performance is vulnerable to channel estimation errors and it is desirable for the DM RS to lie in the RE locations without possible RE collisions. That is, the DM RS should stay outside the possible collision region of the PDCCH and PDSCH (from different cells) and should stay outside the possible collision region of the CRS and PDSCH. 

Discussion point 2: Supporting higher-order DL SM.

Having precoded DL RS up to rank 8 in the agreement, linearly increasing the total DM RS density as we increase the rank might not be a good strategy. With low operating SINR at a UE, it is more likely that the UE is assigned PDSCH reception with low rank; in this case the DM RS density should have sufficient density. On the other hand, with high operating SINR at a UE, it is more likely that the UE is assigned PDSCH reception with high rank; in this case, to avoid too high DM RS overhead, the DM RS density should be kept small. Therefore, the total DM RS density should not increase linearly with the rank. 
3 Conclusions
The conclusions of this contribution on the DL RS design are listed below:
· CQI and DM RS in PDSCH region.

· Considerations on CQI RS

· Non-precoded CQI RS allocated in a time-sparse (and maybe frequency-sparse) manner. 
· In the RBs with CQI RS, Rel-8 transmission is still allowed with appropriate MCS accounting for the performance loss due to interfering CQI RS REs for data transmission.

· The impact of the antenna virtualization on the Rel-8 CRS should be carefully evaluated.

· Considerations on DM RS

· RS overhead reduction for higher ranks:

· Linearly increasing total DM RS overhead with rank may not be feasible.
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