3GPP TSG RAN WG1 Meeting #56bis                                                                   R1-091217
Seoul, South Korea
23 – 27 March, 2009

Agenda item: 15.6
Source: LG Electronics

Title: Issues on Higher Order MIMO
Document for: Discussion
1. Introduction

To enhance downlink peak/average spectral efficiency in LTE-Advanced, it was agreed to support up to 8x8 MIMO transmission. In addition to enhanced downlink throughput performance, the seamless network deployment is also one of most important features in LTE-Advanced, thereby requiring strong backward/forward compatibility. So far, a lot of higher-order MIMO proposals to support up to 8-layer transmission have been proposed and discussed. In RAN1 #56 meeting, some progress was made on downlink reference signal and spatial multiplexing [1]. However, more details should be decided to evaluate LTE-Advanced system for ITU submission. Followings would be major issues on higher order MIMO.
· LTE/LTE-A UE multiplexing
· Reference signal design
· MIMO transmission schemes
In this contribution, we further discuss on details of higher order MIMO issues listed above.
2. LTE/LTE-A UE Multiplexing
As a part of backward compatible LTE-Advanced network design, the multiplexing method of LTE/LTE-A UE should be decided. To support legacy UE in LTE-Advanced network, legacy CRS should be transmitted in every subframe which implies that the legacy CRS in PDSCH region could be an unnecessary overhead to LTE-A UE as far as the legacy CRS in PDSCH is not used for demodulation purpose for LTE-A UE. Since precoded DRS was agreed for UE-specific demodulation RS in LTE-A, the legacy CRS should be regarded as unnecessary overhead to LTE-A UE and it eventually reduces downlink spectral efficiency of LTE-A system. The following table 1 shows the legacy CRS overhead when three OFDM symbol are allocated for PDCCH according to number of antenna port.
Table 1. the legacy CRS overhead in PDSCH according to number of antenna ports.

	
	Normal CP
	Extended CP

	1 Tx
	4.5%
	5.6%

	2 Tx
	9.1%
	11.0%

	4 Tx
	12.0%
	14.8%


As shown in table 1, the legacy CRS may reduce downlink throughput up to 15% if 4Tx CRS are employed for Rel-8 UE. In addition, the legacy CRS overhead could be more serious if an RS boosting is employed since it reduces EPRE of date RE. Therefore, LTE-A only transmission without legacy CRS in PDSCH region should be allowed to further enhance the downlink peak/average throughput. Note that this does not necessarily mean that TDM multiplexing of LTE/LTE-A UE is only allowed since FDM multiplexing would be the baseline in order not to have a scheduling restriction. To allow LTE-A only transmission, two possibilities can be considered as follows:
· Allowing LTE-A PDSCH transmission in MBSFN subframe

· 6 subframes can be defined as MBSFN subframe in a radio frame so that 60% legacy CRS overhead reduction in PDSCH region can be expected as a maximum.
· Defining LTE-A only subframe

· This subframe can be used for any position in a radio frame so that 100% legacy CRS overhead overhead reduction in PDSCH region can be expected as a maximum.

Between two possibilities, the reusing MBSFN subframe is fully backward compatible and we can still reduce 9% unnecessary overhead and even more overhead can be also reduced if the legacy CRS is boosted. Hence, it is preferred to allow LTE-A PDSCH transmission in MBSFN subframe at this moment and if necessary we may further reduce the overhead by defining LTE-A only subframe. 
3. Reference Signal Design
The precoded UE-specific DRS for demodulation with measurement CRS was agreed for supporting higher order MIMO. The DRS should be transmitted in every subframe for LTE-A UE demodulation and the overhead could be different according to the transmitted rank in downlink due to precoded RS. On the other hand, the LTE-A CRS may not be transmitted in every subframe since it is closely related to CSI feedback which has low duty cycle in general. However, the LTE-A CRS overhead doesn’t vary according to the transmitted rank and it only relates to number of antenna ports.
The RS overhead should be decided in order to either provide a guideline of DL-RS design or evaluate  LTE-A system for ITU submission. To decide RS overhead, followings should be taken into account:

· DRS overhead should be defined for each  transmission rank

· Since the RS overhead is different according to the transmitted rank, the RS overhead of each transmission rank should be provided for evaluation purpose.

· CRS of Rel-10 antenna port 0~7 should be transmitted in a duty cycle
· Legacy CRS support may not be possible due to antenna virtualization
4. MIMO Transmission Schemes
In order to reach a peak spectral efficiency requirement, it would be better to more focus on channel dependant precoding design rather than open-loop spatial multiplexing scheme. However, it is also attractive that no feedback overhead related to precoding is needed under open-loop SM transmission mode so that we may reduce uplink signaling overhead. Therefore, channel independent precoding should be also employed for LTE-Advanced system in our point of view.
With precoded DRS for demodulation, the open-loop SM can be designed in UE transparent manner which implies that open-loop SM for higher order MIMO can be designed outside specification as far as the implicit open-loop SM can provide reasonable performance gain. However, one thing we need to keep in mind is that both LTE-A eNB and UE are capable to use the open-loop SM specified in LTE to support backward/forward compatibility. Therefore, regardless of new open-loop SM scheme design for better support of LTE-A, it should be allowed to transmit Rel-8 open-loop SM scheme with LTE-A DRS, otherwise maximum rank of LTE open-loop SM is restricted to the number of antenna ports for legacy support. For instance, if 1Tx legacy CRS is transmitted in LTE-A network, the Rel-8 open-loop SM scheme cannot be used for LTE-A UE even though the Rel-8 open-loop SM can support up to 4-layer transmission. Therefore, followings should be considered for better support of LTE-A UE:

· Open-loop SM should be supported for LTE-A to exploit lower signaling overhead

· It should be allowed to use Rel-8 open-loop MIMO schemes for LTE-A UE

· Which implies that the Rel-8 open-loop transmission including TxD and OL-SM should be demodulated with LTE-A DRS

5. Summary
In this contribution, we discussed on some issues related to higher order MIMO such as LTE/LTE-A multiplexing, reference signal overhead and open-loop MIMO transmission for LTE-A. The discussion can be summarized as follows:

· LTE/LTE-A multiplexing

· The LTE-A PDSCH transmission in MBSFN subframe should be allowed in order to further reduce unnecessary overhead and increase downlink peak/average spectral efficiency with full backward compatibility.
· Downlink RS design

· DRS overhead should be defined for each  transmission rank

· CRS of Rel-10 antenna port 0~7 should be transmitted in a duty cycle

· MIMO transmission scheme

· Open-loop SM should be supported for LTE-A to exploit lower signaling overhead

· It should be allowed to transmit Rel-8 open-loop schemes with LTE-A DRS
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