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1
Introduction

For the last several RAN1 meetings, more and more contributions on LTE-advanced were submitted and many topics have been investigated. In [1], it is agreed that “Downlink spatial multiplexing of up to eight layers is considered for LTE-Advanced”. This means that LTE-A could support 8x8 high-order MIMO in downlink. At Jeju meeting, some contributions ‎[2]

 REF _Ref209597690 \n \h 
‎[3] have been submitted to address some of the issues related to LTE-A with large number of antennas. In this contribution, a number of design aspects are discussed which are related to the introduction of 8x8 MIMO in downlink. The aspects include the following 

1. Maximum transmit antennas number for common control channels such as PDCCH
2. Antenna mapping to achieve backward compatibility for Rel-8 UE in a LTE-A system with large number of antennas
3. Multiplexing of LTE-A UE and Rel-8 UE.
4. The possible candidates high-order MIMO schemes 
5. Reference signal design for high-order MIMO
These design aspects are based on consideration of achieving higher spectrum efficiency for high-order MIMO while bringing minimum impact to Rel-8 UE. It is our wish that this contribution could serve as the starting point for further investigations and discussions on the design of high–order MIMO such as 8x8 MIMO for LTE-A system.
This is a resubmission of contribution R1-083869

2
Design Aspects for High-Order MIMO in LTE-A

In current LTE release: Rel-8, the maximum number of transmit antennas used for downlink is 4. That leads to the use of 2-tx and 4-tx transmit diversity and up to 4 layers spatial multiplexing for LTE downlink. For LTE-advanced, in order to increase the spectrum efficiency,  up to 8 layers transmission could be supported in downlink. That implies that at both eNB and UE, up to 8 antennas could be used. Normally, these antennas have low correlations among them in order to achieve high-order MIMO gain. 

In this section, several aspects on the design of high-order MIMO for LTE-A are discussed in detail. Our goal is to achieve high spectrum efficiency with the introduction of such feature in LTE-A, while at the same time, reduce the impact to the system and backward support Rel-8 UE.

2.1
Maximum number of transmit antennas for common control channel

In LTE Rel-8, maximum number of transmit antennas used to transmit common control channels such as PDCCH, PBCH etc is 4. That means 2-tx and 4-tx transmit diversity could be used for common channels in Rel-8. For LTE-A system, as there could be up to 8 transmit antennas at eNB side, the question is if there is the need to use 8 transmit antennas for common channels as well. 

Before making the decision of adopting 8 transmit antennas for common channels, several questions should be answered:

1 The transmit diversity gain of using 8 transmit diversity

2 The overhead of reference signal for 8 transmit antennas

3 The backward support of Rel-8 UE

The original intention of introducing up to 8 layer transmission in LTE-A downlink is to increase the peak data rate for data channel such as PDSCH. High order transmit diversity with 8 transmit antennas could bring some diversity gain over transmit diversity using 4-tx, however, such gain may not be that significant if the channel estimation error is taken into account. On the other side, in order to achieve acceptable channel estimation accuracy, orthogonal reference signals are needed for each antenna, that could bring additional RS overhead on top of those defined in Rel-8. Considering limited resources in control regions, such increase of RS overhead may not be tolerable. 

On the other side, if 8 transmit antennas are used for transmitting common channels, supporting those Rel-8 UE will become harder as Rel-8 UE and LTE-A UE share the same control regions. 

Based on the above discussion, we feel that for LTE-A system with large number of transmit antennas (>4), it would be preferable to maintain minimal number of common RS ports (for example 4) for decoding of common control channels for both LTE-A UE and Rel-8 UE. That could save the overhead by not transmitting additional common RS in the control region other than those common RS already defined in Rel-8. This limitation makes it easy to support both Rel-8 and LTE-A UE in the same regions.
2.2
Virtual antenna mapping

In a LTE-A system with large number of antennas (>4), in order to support Rel-8 UE, whose capability is limited to 4-tx transmission at eNB, some solutions should be worked out. An easy and straightforward way is to use virtual antenna mapping as shown in Figure 1, where transmitted streams for Rel-8 UE could be seen as transmitted from virtual antenna ports, whose number is less or equal to 4. As there are more than 4 physical transmit antennas, these signals transmitted on virtual antenna ports should be mapped onto physical antennas before the transmission. This operation should be transparent to Rel-8 UE.   
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Figure 1: Virtual antenna mapping

It is believed that utilizing such mapping could make the LTE-A system with large number of antennas (>4) flexible in supporting both LTE-A UE and Rel-8 UE and bring several benefits:

1. The system could maintain minimal number of common RS ports (for example 4) for decoding PDCCH for both LTE-A UE and Rel-8 UE

2. The system could maintain minimal number of common RS ports (for example 4) for decoding PDSCH for Rel-8 legacy UE.

3. Virtual antenna mapping can be configured by eNB on semi static or static basis, depends on the deployment scenario

4. To support LTE-A UE with high layer transmission, additional antenna ports (> 4) can be configured by eNB depending on channel condition. 

The virtual antenna mapping can be realized by using fixed precoding, CDD or RF switching.

2.3
Resource Multiplexing for PDSCH

To support both Rel-8 legacy UE and LTE-A UE in a LTE-A system with more than 4 transmit antennas at eNB, PDSCH resources should be multiplexed properly. In general, there are two ways to achieve the multiplexing, as shown in Figure 2
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Figure 2: Resource multiplexing

1. TDM. In such multiplexing, one subframe is assigned for either transmitting for Rel-8 legacy UEs or for transmitting for LTE-A UE.

2. FDM: In such multiplexing , within the same subframe, different RBs could be assigned for Rel-8 legacy UE and LTE-A UE, simultaneously. 

· For FDM multiplexing, additional RS (> 4-tx) to support high order MIMO are limited in the RBs assigned to LTE-A UE.

We believe that TDM and FDM multiplexing should both be considered at this stage. In some scenarios, FDM multiplexing is more preferable due to the following reasons

1. No impact to legacy UE as additional RS (> 4-tx) to support high order MIMO are limited in the resources assigned to LTE-A UE.

2. Able to support both legacy UE and LTE-A at the same time with low latency

2.4
LTE-A High-order MIMO Schemes
For LTE-A system with more than 4 transmit antennas at eNB, it could support downlink high-order MIMO with more than 4 layer transmission. Several candidates could be considered as high-order MIMO.

2.4.1
Codebook based closed-loop high-order MIMO

This scheme is similar as the one used by Rel-8 downlink closed-loop MIMO. In general, for a system with more than 4 transmit antennas, CQI and rank variation is less compared with systems with 2-4 antenna ports, therefore, some designs from current Rel-8 may need to be reconsidered such as the codebook size , CQI and PMI feedback granularity. 

2.4.2
Non codebook based high-order MIMO

An alternative of codebook based closed-loop MIMO, which could also be exploited here, is to use non-codebook based approach. In this approach, the UE could feedback the analog channel information through such mechanism as two-way sounding in a FDD system. For TDD system, such channel information could be measured by eNB from the uplink. . Upon colleting such information, the eNB could select the rank,  precoding vectors and MCS level,  and apply precoding to the transmitted data. This will give eNB enough freedom in the precoding process . In addition, to support high-order MIMO, eNB could allocate additional common RS or dedicated RS along with the data depending on the channel condition. 

2.5
RS Design and Transmission

The reference signal is the key for accurate channel estimation and CQI measurement, which will direct impact the performance of high-order MIMO. In reference signal design and transmission, there exist tradeoff between performance and overhead. For high-order, such tradeoff is especially crucial and should be carefully balanced.

For LTE-A system with large number of transmit antennas, the legacy Rel-8 cell-specific (common) RS should be transmitted to support those Rel-8 UE. For additional RS, there could be several choices:

1 These additional RS are transmitted from some additional cell-specific RS ports

2 These additional RS are transmitted from some UE-specific (dedicated) RS ports

3 These additional RS are a combination of some additional common RS and dedicated RS

The LTE-A UE could then use these additional RS along with those legacy Rel-8 RS to accomplish channel estimation and CQI measurement. 

The other design aspect is the density of such additional RS.  This is directly related to the performance and overhead. The high density of such RS along both frequency and time direction would certainly bring better channel estimation performances; however, RS overhead could also be increased dramatically. This is especially true if these additional RS are all common RS. 

Regarding this issue, some consideration could be summarized as follows:

1 As the channel for a LTE-A system with more than 4 transmit antennas varies less than a Rel-8 system with 2-4 antenna ports, the density of additional RS could be smaller as compared with those in Rel-8 system, thus to achieve some RS overhead savings. One alternative is to transmit some additional RS periodically configured by the eNB. 
2 If FDM resource multiplexing is used, the additional RS will be confined in those RBs assigned to LTE-A UE for high-order MIMO transmission. That could also achieve the purpose of RS overhead savings.  

3 As number of layers in high-order MIMO transmission is per UE based, using dedicated RS as additional RS could be more straightforward and beneficial as eNB could dynamically assign number of dedicated RS based on the channel condition and limit these additional dedicated RS in the region assigned to this particular UE only.   

Another design aspect is the pattern of additional RS. For this aspect, our view is that it is preferable that these additional RS have similar patterns as those RS from Rel-8. That will make it possible for terminal vendors to use similar channel estimation modules for their LTEs-A UE. As RS pattern also has direct impact to the channel estimation performance, maintaining similar patterns for these additional RS as those in Rel-8 would lead to consistent performance. 

The Figure 3 and Figure 4 illustrate some design examples for additional RS.  Figure 3 shows two examples when additional RS are considered as common RS, while Figure 4 shows two examples when the additional RS are considered as dedicated RS.
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Figure 3: Design examples if additional RS are common RS


[image: image4]
Figure 4: Design examples if additional RS are dedicated  RS

2.6
Conclusions

In this contributions, some design aspects are discussed for LTE-A system with large number of transmit antennas (>4). In conclusions, our views on these aspects could be summarized as follow

1. It would be preferable to maintain minimal number of common RS ports (for example 4) for decoding of common control channels for both LTE-A UE and Rel-8 UE. No additional RS needs to be transmitted in the control regions. 
2. Virtual antenna mapping techniques could be used to support Rel-8 legacy UE in a LTE-A system with more than 4 antennas
3. TDM and FDM could be use to achieve multiplexing Rel-8 UE and LTE-A UE. In some scenarios, FDM multiplexing is more preferred due to low latency and convenience for additonal RS assignment. 
4. Both codebook based precoding scheme and non-codebook based precoding scheme could be considered. Non codebook based scheme could allow eNB have more freedom in selecting rank, MCS, and precoding matrices. It is also more flexible in assignment of additional RS

5. Rel-8 legacy RS should be transmitted all the time to support Rel-8 UE. Additional RS could be cell-specific (common) RS, or UE-specific (dedicated) RS, or a combination of both. If FDM multiplexing is used, additional RS could be confined in those RB assigned to LTE-A only. 
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