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1. Introduction

Employing higher order MIMO in LTE-A can provide higher DL peak and average sector throughput compared to LTE by allowing higher spatial multiplexing rate and beamforming gain. In LTE-A [1], the downlink MIMO could support up to 8x8 transmission in which doubled maximum spatial multiplexing rate is supported as compared with that of LTE when the MIMO channel has enough randomness in a high SNR region. As a first step to enable 8Tx antenna transmissions, the reference signal (RS) should be designed in advance to discuss on other MIMO transmission schemes since the performance could be different according to the RS design. So far, several contributions [2]-[7] have been proposed for 8Tx downlink reference signal design. From [2]-[5], it is seen that several types of RS extension can be considered as follows:
· Cell-specific RS: additional CRS can be employed in both PDCCH and PDSCH for supporting 8Tx transmission. 
· UE-specific RS: only for LTE-A UE, precoded or non-precoded RS can be employed in UE-specific manner as a demodulation RS
· Hybrid RS structure: cell-specific RS for antenna ports 0~3 in combination with UE-specific RS for antenna ports 4~7 can be considered as a candidate.
As listed above, we may consider several types of RS design for supporting 8Tx antennas in LTE-A, however, following points should be taken into account to support both LTE UE (Rel-8) and LTE-A UE (Rel-10) in a same cell:

· A new design of the 8Tx RS should be backward compatible without any disadvantages to the LTE-A UE.
· The pilot overhead should be reasonable in order to further increase the peak throughput as much as possible.

In this contribution, we also investigate RS structures mentioned above and provide some examples of the RS structure for 8Tx antennas.
______________________________________________________________________
2. Backward Compatible RS Design
Additional inclusion of backward compatible RS to support antenna port 4~7 in LTE-A is quite complicated since the additional RS in an RB allocated to the legacy UE (Rel-8 UE) is regarded as a data RE, thus resulting in significant performance degradation to the legacy UE. Therefore, it is preferable that the additional RE for antenna port 4~7 should not be located in RBs allocated to legacy UE which means that common RS to antenna port 4~7 in PDSCH should be avoided as far as legacy UE and LTE-A UE are allocated in a same subframe. Hereafter, the antenna port 4 and 5 don’t imply UE-specific antenna and MBMS RS ports/patterns specified in Rel-8, rather they are newly employed physical or logical antenna ports for 8Tx transmission.
To support backward compatibility in LTE-A cell, subframe identification [5] seems to be inevitable since it allows flexible RS design for additional antennas without any significant performance degradation for legacy UEs. For better support of an 8Tx LTE-A UE, performance optimized RS structure can be provided in LTE-A only subframe. Moreover, other types of subframe can be also identified according to the purpose such as LTE only subframe, MBSFN subframe, LTE & LTE-A mixed subframe and those different types of RS can be employed according to the subframe identities. In addition, modified version of MBSFN subframe could be an LTE-A only subframe in order not to be seen as unicast traffic to legacy UEs. However, the LTE RS structure for both 2Tx and 4Tx in PDCCH region should be kept for the legacy UE to receive control information at any time.
In combination with subframe identification, several types of RS extension may be considered as a candidate of 8Tx RS and different types of RS structure could be employed according to the objectives such as demodulation, measurement and channel status reporting. Followings are possible candidates for the RS extension discussed so far:

· Common Reference Signal
· Additional RS inclusion in PDCCH region:

The CRS for antenna ports 4~7 could be transmitted in PDCCH region by reserving a bunch of REGs or CCEs for the RS. In order to support backward compatibility, it seems more adequate to reserve logical CCE for the additional RS transmission so that legacy UE may try to detect the CCE reserved for the additional RS transmission and might have CRC failure in that CCE. These types of RS could be used for the purpose of measurement and/or channel state reporting for LTE-A UE. However, some challenging points are expected by an intuitive glance.

· Potential scheduling restriction by reserving a number of logical CCE to transmit RS for antenna ports 4~7.

· The position of the CRS for antenna ports 4~7 could be changed according the PCFICH value and the number of PHICH groups. Thus, UE processing cost and complexity may be increased to estimate a channel from this time-varying RS structure.

· The performance would be poor since the CCE interleaver is not appropriately designed for the channel estimation.

Thus, further careful investigation for its design proposal details and the issue points above may be necessary to check whether this RS design method is feasible and potential. 

· Additional RS inclusion in PDSCH region:

Some data RE positions in LTE specification can be reserved for transmitting CRS of additional antenna ports 4~7. In this case, the channel estimation performance is reliable as compared with other RS structures by exploiting noise averaging gain from interpolation and it can be used for demodulation and measurement at the same time. This type of RS structure is better to be employed in LTE-A only subframe since additional RS employed for antenna ports 4~7 would be detected as a data to a legacy UE and that may result in significant performance degradation. Two types of CRS extension can be considered as follows:
· TDM/FDM extension: simply extend the 4Tx CRS currently specified in Rel-8 with same manner according to the density. The additional CRS for antenna port 4~7 could follow the rules of antenna port 0~1 or antenna port 2~3 as shown in figure 1.
· CDM extension: the additional CRS could be multiplexed in code domain with same pilot overhead as shown in figure 2.
· UE-specific Reference Signal

· Precoded RS extension

In Rel-8, antenna port 5 is defined as a UE-specific RS and it allows non-codebook based precoding in downlink by precoding the RS with same PMI used for data RE. Hence, more precise beamforming is possible. Furthermore, the RS overhead can also be reduced since only RS from each virtual antenna layers needs to be transmitted, where the number of virtual antenna layers equal to the Rank. The UE-specific RS transmitted to a specific UE cannot be seen by other UEs, thus allowing flexible RS design according to the purpose. However, in the other hand, additional CRS should be employed for the measurement and channel status reporting. This type of RS is also appropriate to the LTE-A only subframe since precoded RS could not be used for legacy UE.
· Non-precoded RS extension

UE-specific RS without precoding also can be considered as a candidate. In this RS structure, it is possible to design several types of RS structure according to UE groups such as antenna number, density and so on. However, this RS extension requires indication of transmitted PMI in downlink additionally compared to precoded RS extension and the RSes should be transmitted from all physical antenna ports for demodulation, thus resulting in higher pilot overhead. Due to UE-specific RS pattern, it may be not allowed to see the RSes transmitted for other UEs in a subframe.
· Hybrid Reference Signal

The CRS and non-precoded UE-specific RS can be combined to support legacy UE and LTE-A UE at the same time in a subframe without any disadvantages for LTE UE. In this RS extension, the CRS which is same as LTE is used for antenna port 0~3 and UE-specific RS is used for antenna port 4~7. Therefore, legacy UE can see the RS for antenna port 0~3 in all RBs and other RS for antenna port 4~7 will be seen by LTE-A UE only. The RS overhead can be different according to the number of LTE-A UE scheduled in the subframe.
In addition to the UE-specific RSes, CRS for antenna ports 4-7 could be transmitted with relatively small subframe duty cycle for the more robust measurement purpose.

______________________________________________________________________
3. RS Design Examples
In this section, some exemplary RS structures based on abovementioned RS extensions will be shown. 
· Common Reference Signal Extension in PDSCH
This type of RS structure can be used in LTE-A only subframe since additional RS employed for antenna ports 4~7 would be detected as a data to a legacy UE and that may result in significant performance degradation. Followings are examples for the CRS for 8Tx antennas.
· Examples for TDM/FDM extension [2]:

       The following figures show examples of simple extension of 4Tx RS structure in LTE. The density of RS for antenna port 4~7 is same as that of antenna port 2~3. Therefore, the channel estimation performance could be similar as that of antenna port 2~3. The pilot overhead is closed to 19% and the overhead is fixed irrespective of the rank.
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Figure 1. Examples for 8Tx CRS extension in TDM/FDM
· An example for CDM extension [4]:
The following figure shows an example of CDM extension of 4Tx RS structure in LTE. The overall pilot overhead is same as that of LTE, however, the RS power is a half due to power sharing with the antenna ports 4~7 by using orthogonal code multiplexing.
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Figure 2. An example for 8Tx CRS extension in CDM

· UE-specific RS
In general, precoded RS is used as a UE-specific RS for demodulation purpose. In this case, the rank number of antenna ports only requires transmitting RS, thus resulting in low pilot overhead compared to CRS. However, additional CRS for measurement and channel states is required. The precoded UE-specific RS is beneficial in terms of pilot overhead when a UE has a lower rank as compared with that of cell-specific RS. Any types of RS position can be used as a UE-specific RS, for instance, the RS structure in Figure 1-(a) could be used as UE-specific RS shown in Figure 3.
· An example for UE-specific RS in PDSCH:
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Figure 3. An example for 8Tx precoded UE-specific RS.
· Hybrid RS structure
The hybrid RS structure is based on a combination of cell-specific RS and UE-specific RS in PDSCH region. As shown in the figure 4, the RS for antenna ports 4~7 could be located to a UE-specific RS position and the others are transmitted in cell-specific manner. Therefore, pilot overhead varies according to the portion of UE receiving 8Tx antenna transmission in a subframe.

· An example for Hybrid RS in PDSCH:
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Figure 4. An example for 8Tx hybrid RS structure.
______________________________________________________________________
4. Summary
In this contribution, we discussed on the reference signal design for 8Tx antennas in LTE-A. Several types of RS structure can be considered for higher order MIMO support such as cell-specific RS, UE-specific RS and hybrid RS structure. Some design examples were also provided in the section 3. Table 1 shows a summary of discussion on RS extension types in the previous sections.
Table 1. Summary of RS extension types

	
	Properties
	Pros & Cons

	CRS
	CCE-based

(in PDCCH)
	· For all types of subframe

· Variable RS overhead according to number of reserved CCE
· Channel status reporting purpose
	· Pros:

- High backward compatibility w/o subframe identification
· Cons:

- Interleaver was not optimized for channel estimation
- High channel estimation complexity due to variable RS position

- Potential scheduling restriction

	
	TDM/FDM or CDM

(in PDSCH)
	· For LTE-A only subframe

· Fixed RS overhead
· Both demodulation and channel status reporting purpose
	· Pros:

- Reliable channel estimation performance

- No need additional demodulation or measurement RS

· Cons:

- Subframe identification is needed
- High RS overhead

	UE-specific
	Precoded
	· For LTE-A only subframe

· Variable RS overhead according the rank

· Demodulation purpose
	· Pros:

- Low RS overhead and control information

· Cons:

- Need additional RS for measurement
- Relatively low channel estimation performance

	
	Non-precoded
	· For LTE-A only subframe

· Variable RS overhead according to the number of 8Tx UE 
· Demodulation purpose
	· Pros:

- Flexible RS design is possible

· Cons:

- Need additional measurement RS
- Relatively higher RS overhead and control overhead 

	Hybrid-RS extension
	· For LTE-A only and/or LTE & LTE-A mixed subframe

· Variable RS overhead according to the number of 8Tx UE
· Both demodulation and channel status reporting purpose
	· Pros:

- Relatively high backward compatibility

- Flexible scheduling of LTE and LTE-A UE is possible

- Partial channel measurement is possible
· Cons:

- Relatively higher RS overhead and control overhead


From the discussions, we may conclude as follows:

· Subframe identification could be employed for better support of 8Tx antenna transmission. Detailed RS design in the identified subframe is FFS.

· CCE- or REG-based RS design supporting 8Tx antenna needs to be investigated further for its proposal details and the issue points in order to check the feasibility and potential.

· Three types of RS structure related with the functionality of RS in PDSCH region can be considered for 8Tx antenna support and the RS structure type could be different according to the identity of the subframe in LTE-A system.
______________________________________________________________________
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