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1. Introduction
It was decided that the feasibility of supporting higher order MIMO transmission such as 8-by-8 MIMO should be investigated in order to increase the user throughput and capacity compared to those for Rel-8 LTE in the LTE-Advanced downlink [1]. On the other hand, we should also take into account the compatibility between Rel-8 LTE and LTE-Advanced. This contribution presents our views and the RS structure for supporting higher-order MIMO transmission with more than four antennas considering compatibility with both LTE-Advanced UEs and legacy LTE UEs in the same frequency band. 

2. Support of DL Higher-Order MIMO Transmission
2.1 Views
First, we present our views on supporting higher-order MIMO transmission employing more than four eNB antennas in the LTE-Advanced downlink.

· MIMO channel transmission employing more than four antennas should be used only for the purpose of increasing the user throughput of the downlink shared data channel. Moreover, we consider that physical antennas more than four, i.e., antennas #5-#8, should be utilized so that the Rel-8 LTE UE can decode the transmitted common/shared control signals, e.g., PBCH and PDCCH (Note that the Rel-8 LTE UEs have the capability to decode the signal from four antennas at maximum).

· Both LTE-Advanced UEs and Rel-8 LTE UEs should be able to connect to all component carriers within the system bandwidth as shown in Fig. 1 to enable flexible resource allocation regardless of the traffic conditions in various UE categories.
· We should not set restrictions on the resource block allocation for either the Rel-8 LTE UEs or LTE-Advanced UEs.
· Higher-order MIMO transmission should be optimized only for a local area, e.g., an indoor environment or hotspot areas, and any additional increase in the RS and control signaling overhead should be minimized taking into account the degradation in the throughput performance.
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Figure 1 – Dynamic resource allocation between LTE-Advanced UE and legacy LTE UE
2.2 RS structure
In order to support higher-order MIMO channel transmission using more than four antennas (note that eight-antenna eNB is assumed hereafter), additional common RSs (CRSs) and/or dedicated RSs (DRSs) from antennas #5 to #8 are necessary to estimate the channel variation for demodulating the shared data channel and to measure the channel quality for link adaptation and handover when CRSs from antennas #1-#4 are transmitted. Taking into account the need for additional CRSs and/or DRSs specified for supporting higher order MIMO transmission, the following alternatives are considered as shown in Table 1. We give the details of each alternative scheme hereafter.
Table 1 –RS structure candidates for higher-order MIMO using more than four antennas
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· Alt. 1: Orthogonal CRSs as well as orthogonal DRSs from antennas #5-#8 are additionally specified.

· Alt. 1-A: Orthogonal DRSs from antennas #5-#8 are multiplexed into the reserved RB in the PDSCH region [2]

· Figs. 2(a) and 2(b) show examples of this alternative. 

· Orthogonal CRSs from antennas #5-#8 are multiplexed into the reserved RBs in addition to CRSs from antennas #1-#4 with the time/frequency interval of NTTI sub-frames / NRB RB. The cases with and without frequency hopping of the reserved RBs are shown in Fig. 2(a) and Fig. 2(b), respectively. CRSs for antennas #5-#8 in addition to CRSs for antennas #1-#4 are used for channel quality measurement.

· Orthogonal DRSs for antennas #5- #8 are multiplexed into the RBs allocated to the LTE-Advanced UE with eight-antenna MIMO transmission. DRSs from antennas #5-#8 as well as CRSs from antennas #1-#4 are used for channel estimation.

· Merit: 

· Both accurate channel estimation and accurate channel quality measurement are achieved using CRSs and DRSs from all physical antennas.
· Demerit:

· The peak data rate is decreased due to the relatively huge RS overhead.
· A method in which the Rel-8 LTE UE knows the position of CRSs #5-#8 is necessary to decode accurately the data signals allocated to the reserved RB.
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Figure 2 – Example of RS structure for Alternative 1-A
· Alt. 1-B: Orthogonal common RS from antenna #5-#8 are multiplexed into reserved RB of PDCCH region [3]

· Fig. 3 shows an example of this alternative. 

· Difference from Alt. 1-A is that orthogonal CRSs from antenna #5-#8 are multiplexed into the reserved CCEs of PDSCH region with the time interval of NTTI sub-frames. 

· Merit: 

· Both accurate channel estimation and accurate channel quality measurement can be achieved using orthogonal CRSs and DRSs from all transmit antennas
· Demerit:

· Peak data rate is decreased due to the relatively huge RS overhead.
· The number of multiplexed UEs over one-subframe may be significantly limited due to the consumption of CCEs for the transmission of CRS #5-#8.
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Figure 3 – Example of RS structure for Alternative 1-B
· Alt. 2: Only orthogonal common RSs from antennas #5-#8 are additionally specified.

· Figs. 4(a) and 4(b) show examples of this alternative. 

· Orthogonal common RSs from antennas #5-#8 are additionally multiplexed into the reserved RBs with the time/frequency interval of NTTI sub-frames/NRB RBs. Common RSs of antennas #5-#8 in addition to those of antennas #1-#4 are used for both channel estimation and channel quality measurement.

· Merit: 

· Accurate channel quality measurement is achieved using orthogonal CRSs from all transmit antennas.
· The peak data rate is increased compared to Alt. 1-A and Alt. 1-B since DRSs are not multiplexed.
· Demerit:

· The channel estimation error is relatively large. In order to improve the channel estimation accuracy, the CRS overhead of antennas #5-#8 must be increased.
· A method in which the Rel-8 LTE UE knows the position of CRSs #5-#8 is necessary to decode accurately the data signals allocated to the reserved RB.
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Figure 4 – Example of RS structure for Alternative 2
· Alt. 3: Only orthogonal DRSs from antennas #5-#8 are additionally specified.

· Alt. 3-A: CRSs are transmitted only from physical antennas #1-#4. 

· Fig. 5 shows an example of this alternative. 

· Orthogonal DRSs from antennas #5-#8 are multiplexed into the RBs allocated to the LTE-Advanced UE with eight-antenna MIMO transmission. DRSs from antennas #5-#8 as well as the CRSs from antennas #1-#4 are used for channel estimation.
· Channel quality measurement is performed using CRSs from antennas #1-#4. 

· Usage of Alt. 3 is limited to open-loop MIMO.

· Merit: 

· Accurate channel estimation is achieved using orthogonal DRSs from all transmit antennas.
· Demerit:

· Channel quality (or selection of precoding matrix) measurement is impossible when closed-loop MIMO is employed. 

· The peak data rate of the LTE-Advanced UE with eight antennas is decreased due to the relatively huge DRS overhead.
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Figure 5 – Example of RS structure for Alternative 3-A
· Alt. 3-B: Physical antennas to transmit CRSs of antennas #1-#4 are switched in the time and/or frequency domains. 

· Figs. 6(a) and 6(b) show examples of this alternative. 

· For example, orthogonal CRSs of antennas #1-#4 are transmitted alternately from physical antennas #1, #3, #5, and #7 in RB group-A and from physical antennas #2, #4, #6, and #8 in RB group-B (as an example). CRSs from antennas #1-#4 are used for channel quality measurement.

· Orthogonal DRSs from antennas #5-#8 are transmitted from physical antennas #2, #4, #6, and #8 (#1, #3, #5, and #7) when an LTE-Advanced UE is allocated to the RBs within RB group-A (RB group-B). DRSs from antennas #5-#8 in addition to CRSs from antennas #1-#4 are used for channel estimation.

· Merit: 

· Accurate channel estimation is achieved using orthogonal CRSs from antennas #1-#4 and DRSs from antennas #5-#8.

· Demerit:

· The channel estimation error for the Rel-8 LTE UEs is degraded if the Rel-8 LTE UEs are allocated near the boundary between RB group-A and RB group-B since the same kind of CRSs at adjacent RBs are transmitted from different physical antennas. 

· The peak data rate of an LTE-Advanced UE with eight antennas is decreased due to the relatively huge DRS overhead.
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 Figure 6 – Example of RS structure for Alternative 3-B

· Alt. 4: No additional common/dedicated RSs for higher-order MIMO transmission are specified.

· Figs. 7(a) and 7(b) show examples of this alternative. 

· Orthogonal CRSs for antennas #1-#4 are transmitted alternately from physical antennas #1, #3, #5, and #7 in RB group-A and from physical antennas #2, #4, #6, and #8 in RB group-B (as an example) in the same manner as in Alt. 3-B. The CRSs from antennas #1-#4 are used for channel quality measurement as well as for channel estimation.

· Merit: 

· The highest peak data rate is achieved since neither CRS nor DRS are additionally multiplexed.

· Demerit:

· The channel estimation error is degraded for LTE-Advanced UEs compared to that in Alt. 3-B

· The channel estimation error is degraded for Rel-8 LTE UEs due to the same reason as that described in Alt. 3-B
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Figure 7 – Example of RS structure for Alternative 4

The advantages and disadvantages of these alternatives are summarized in Table 2.

Table 2 – Comparison of alternatives of RS structure 
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3. Conclusion

This contribution presented our views on how to support both LTE-Advanced UEs and legacy LTE UEs in the same frequency band especially when there are more than four eNB antennas. The possible candidates for the CRS and/or DRS structure for higher-order MIMO transmission were described. 
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