
3GPP TSG RAN WG1 Meeting #45
                                              R1-061190
Shanghai, China, 8 – 12 May, 2006
Source: 

NTT DoCoMo, Fujitsu, Mitsubishi Electric, NEC, Sharp, Toshiba Corporation
Title:
MIMO Scheme in E-UTRA Downlink – Signaling Aspect
Agenda Item:

11.1.5
Document for:
Discussion and Decision
1. Introduction

In the last RAN1#44bis meeting, the basic component techniques for downlink MIMO in E-UTRA were identified [1]. They includes multiple coded words with a single coded word as a special case, pre-coding, MIMO mode control (rank adaptation) in which transmit diversity is assumed to be one of the MIMO modes, and multiuser MIMO. On the other hand, in order to maximize the throughput enhancement by using downlink MIMO transmission, an efficient structure for the L1/L2 control signaling information is essential as stated in [2]. Therefore, this paper presents our general views on basic structure for the L1/L2 control signaling information bits for downlink transmission with MIMO, considering the agreed component techniques for downlink MIMO.
2. L1/L2 Control Information Required for Downlink Transmission with MIMO
2.1. Downlink L1/L2 Control Information Considering Downlink MIMO
The following set of downlink L1/L2 control information bits should be considered, which is related to downlink transmission including MIMO based on the agreed downlink L1/L2 control information in [2].
Note that in this paper, the term “stream” means each of simultaneously transmitted data symbols (therefore, the number of streams means the number of simultaneously transmitted independent (not block coded) data symbols) while, the term “coded word” indicates a single or multiple stream(s) that are coded jointly.
· Category 1 information: All UEs should try to decode this information
· UE ID
· Resource assignment
· For single-user MIMO, the configuration of the UE ID and resource assignment information are identical to those in a single antenna transmission.

· For multiuser MIMO, multiple UE IDs and resource assignment information may be required.

· Duration of assignment
· The same as the single-antenna transmission, i.e., common to all streams.
· MIMO mode (FFS)
· The MIMO mode indicates the number of streams. When the MIMO mode is one, a predetermined transmit diversity scheme is used. Since the control of the MIMO mode is slow (e.g. every 100 msec) [1], it is desirable to use higher layer signaling to send the MIMO mode information in order to reduce the MIMO specific signaling overhead.
· Category 2 information: This information needs to be decoded by the UE with resource assignment
· Used pre-coding vector(s) (FFS)
· If this information is not transmitted, the receiver should verify of the used pre-coding vector when the common pilot channel is used for demodulation (similar to CL mode 1 in R99). This information may be transmitted as Category 1 information (FFS).
· Modulation scheme
· Per coded word information, i.e., common to all streams within the same code word
· Payload size

· Per coded word information, i.e., common to all streams within the same code word
· Category 3 information: This information needs to be decoded by the UE with resource assignment
· Hybrid ARQ related information
· Per coded word information, i.e., common to all streams within the same code word
We assumed that higher layer signaling is used to inform UEs regarding whether single-user MIMO or multiuser MIMO is used.

Proposal

In order to alleviate the increase in the number of control signaling bits for MIMO application, the following techniques should be investigated further.

· Separate coding for the information in Category 1 and the information in Categories 2 and 3 [3]

· The numbers of bits required for Categories 2 and 3 are changed according to the MIMO mode. However, by separating the information in Category 1 from those in Categories 2 and 3, we can flexibly change the control channel format of the information in Categories 2 and 3 according to the MIMO mode.

· Space division multiplexing (SDM) transmission of multiple sets of Category 1 information using pre-coding [4]

· Significant increase in the number of control information bits is expected for multiple sets of Category 1 information for the case of multiuser MIMO. Since multiuser MIMO is used with pre-coding, multiple sets of Category 1 information can be transmitted using orthogonal code division multiplexing (CDM) or frequency division multiplexing (FDM) with pre-coding when separate coding is applied to Category 1 information, in order to avoid an increase in resource usage for signaling.
2.2. Uplink L1/L2 Control Information Considering Downlink MIMO

The following set of uplink L1/L2 control information bits should be considered, which are related to the downlink transmission including MIMO.

· CQI information

· Per coded word information, i.e., common to all streams within the same code word, should be used.
· A bit reduction method in the spatial domain such as differential feedback [5], [6], in addition to that for normal single-antenna transmission in [2], should be considered.
· Alternatively, transmission of CQI information for each coded word sequentially at every sub-frame [7]. This method reduces the uplink control signaling overhead at the cost of a degraded ability to track changes in CQI due to fading variation.
· ACK/NACK

· Per coded word information, i.e., common to all streams within the same code word

· Selected pre-coding vector
· Per stream information, i.e., different among streams within the same code word
· Report interval of this information can be slower than that for CQI

· Allowable MIMO mode(s) (FFS)

· This information indicates the MIMO modes that are applicable for the UE considering channel condition and UE capability. Since the control of the MIMO mode is slow (e.g. every 100 msec) [1], it is desirable to use higher layer signaling to send the allowable MIMO mode(s) in order to reduce the MIMO specific signaling overhead.
3. Conclusion

This paper presented our views on a basic structure for the L1/L2 control signaling information bits for downlink transmission with MIMO, considering the agreed component techniques for downlink MIMO.
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