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1 Introduction

In LTE technical report (TR) ‎[1], it is suggested that the switching manner between transmit diversity (TD)
 and space multiplexing (SM) should be considered for data transmission in E-UTRAN. In the previous contributions ‎[2] –‎[5], we have proposed the scheme using the adaptive switching fashion between space-time transmit diversity (STTD) and SM, showing that the significant sector throughput and coverage gains can be obtained. In the contribution ‎[6], furthermore, we have investigated that to maintain the best performance, we need to have a switching interval which is not longer than 15msec on average. So far, however, we never discussed the impact when we set the minimum switching interval which is larger than 15 msec.
This contribution discusses the alternatives of control signaling including up-link CQI feedback reporting, switching mode request, and down-link grant. Three types of control signaling for transmit mode switching are discussed for future design uses. From the discussion, we suggest that both links request the fast control signaling bits in order to accomplish the fast transmission mode switching.

2 DL Adaptive MIMO Performance Overview
In this section, we review the system level simulation results presented in Tallinn meeting ‎[6].

The adaptive MIMO performance in terms of sector aggregated throughput and cell user coverage is listed in Table 1.
Table 1: Comparison results in terms of sector aggregated throughput and cell coverage for simulation case-1, case-2 and case-3.
	Antenna Configuration
	Case-1
	Case-2
	Case-3

	
	Sector Aggregated Throughput (bps/Hz)
	user Coverage with 5% outage rate (bps/Hz)
	Sector Aggregated Throughput (bps/Hz)
	user Coverage with 5% outage rate (bps/Hz)
	Sector Aggregated Throughput (bps/Hz)
	user Coverage with 5% outage rate (bps/Hz)

	1x2 HSDPA
	0.682
	0.0197
	0.496
	0.0162
	0.628
	0.0180

	1x2 Baseline
	1.336
	0.0388
	0.948
	0.0281
	1.189
	0.0292

	2x2 STTD
	1.274
	0.0368
	0.973
	0.0287
	1.132
	0.0289

	2x2 SM
	1.417
	0.0345
	1.051
	0.0263
	1.274
	0.0276

	2x2 STTD/SM
	1.488
	0.0366
	1.057
	0.0268
	1.330
	0.0290

	2x2 SM, PLS
	1.838
	0.0359
	1.401
	0.0285
	1.633
	0.0288

	2x2 STTD/SM, PLS
	1.852
	0.0373
	1.412
	0.0290
	1.642
	0.0292


Figure 1 shows the averaged switching interval between STTD and SM for case-1, case-2 and case-3.


[image: image1.emf]Averaged STTD/SM Interval

0

10

20

30

Case-1 Case-2 Case-3

Simulation Case Index

Switching Interval  (msec)

 


Figure 1: Averaged switching interval between STTD and SM.
3 DL Adaptive MIMO Signalling and Description
In this section, we discuss the DL adaptive MIMO signalling and its implementation. It mainly focuses on designing of required feedback signalling overhead from user equipment (UE), and control signalling overhead from Node-B. Our control signaling is mainly designed for adaptive switching between opened loop STTD and opened loop SM. There is only one feedback per UE for both layers regardless of using STTD or SM. In SM mode, the CQI is based on averaged value over two layers.  Three types of control signaling are discussed in following sub-sections.
3.1 Type-I Control Signalling Between UE and Node-B

Type-I control signalling is the perfect control signalling between UE and Node, providing almost instant mode switching.
3.1.1 Feedback Signalling Overhead from UE
Each UE estimates the resource block (RB) channels and calculates the signal-to-noise ratio (SNR) for both STTD and SM according to received pilot signals. Based on the effective SNRs, each UE computes both STTD and SM capacities over the all RBs whereby the UE makes the decision whether the STTD mode or SM mode should be issued for next data transmission. Each UE reports the RB based MCSs to the serving Node-B, giving significantly high frequency diversity gain due to the frequency dependent scheduling uses on the DL. Besides the RB based feedback signalling, each UE sends two additional bits embedded in one RB CQI control signalling
 to indicate both the current reported channel quality indication (CQI) transmission mode (CRCTM) and the periodic/event-triggered request transmission mode (RTM), for instance, 0 for STTD mode and 1 for SM mode. The configuration for UL control signalling is illustrated in Figure 2.
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Figure 2: Configuration of UL control signalling.

The several things should be taken into account:

· The reporting interval of transmission mode should be the same as the reporting interval of MCS.
· The switching mode overhead is independent of the number of RBs or transmit bandwidth.
· Transmission mode indication (two bits) is embedded in CQI.

The serving Node-B receives the signalling information, and then checks the transmission mode bit (CRCTMI) first; i.e., if the bit is 0, the RB based MCSs all will be treated for STTD transmission, and otherwise treated for SM transmission.
3.1.2 Control Signalling Overhead from Node-B
Node-B determines the transmission mode for each served UE based on feed-backed CQI information and current delay interval for transmit mode switching. We assume that each UE transmits two bits embedded in its control signalling packet to indicate current transmit mode (CTM), as well as the grant transmit mode (GTM). The configuration for DL control signalling is illustrated in Figure 3.
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Figure 3: Configuration of DL control signalling.
It should be noted that the transmission mode interval is equal to or larger than UE scheduling update interval.

3.2 Type-II Control Signalling Between UE and Node-B
3.2.1 Feedback Signalling Overhead from UE

The feedback control signalling uses the same manner as that Type-I used (see section ‎3.1.1).
3.2.2 Control Signalling Overhead from Node-B

Node-B determines the transmission mode for each served UE based on feed-backed CQI information and current delay interval for transmit mode switching. We assume that each UE transmits one bit embedded in its control signalling packet to indicate current transmit mode (CTM), and only one UE is able to change the transmit mode using an additional bit to indicate the grant transmit mode (GTM). That grant bit is located in the end of control signalling packet, meaning that only last scheduled UE is able to switch the transmission mode. The configuration for DL control signalling is illustrated in Figure 4.
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Figure 4: Configuration of DL control signalling.

3.3 Type-III Control Signalling Between UE and Node-B
3.3.1 Feedback Signalling Overhead from UE

With this type of control signalling, the switching mode is dynamically feed-backed using an existing CQI control signalling channel. Feedback interval between the previous feedback time and the current time must be at least the predetermined minimum feedback interval, meaning that the feedback is the burst basis. For example, five bits are reserved in CQICH which is used for MCS feedback. When the UE determine to change the mode, it sends either five zeros or five ones, which is not used for MCS feedback. Figure 5 illustrates the feedback timing between the mode feedback and CQI feedback with minimum feedback interval constraint.
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Figure 5: Mode feedback using existing CQICH.
3.3.2 Control Signalling Overhead from Node-B

Node-B determines the transmission mode for each served UE based on feed-backed CQI information. We assume that only one UE is able to switch the transmit mode using an additional bit to indicate the grant transmit mode (GTM). That grant bit is located in the end of control signalling packet, meaning that only last scheduled UE is able to switch the transmission mode. The configuration for DL control signalling is illustrated in Figure 6 
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Figure 6: Configuration of DL control signalling.
In case of that multiple UEs are simultaneously asking mode switching, Node-B has to pay the following attention:

· Node-B still allows one UE to grant the mode switching and transmit its data packet.

· Node-B should not allow the other UEs who also asking mode switching for data transmission and avoid the mismatching of the transmission mode.
3.4 Comparison between Three Types of Control Signalling

The comparison between three types of control signalling on the UL is listed in Table 2 and control signalling on the DL is listed on Table 3
Table 2: The comparison between three types of control signalling on Ul link.
	
	Type-I
	Type-II
	Type-III

	Latency
	No
	No
	High

	Complexity
	Higher
	Higher
	low

	Overhead
	High
	High
	No Addition

	Performance Degradation
	No
	No
	Small

	Accuracy
	High
	High
	Mid


Table 3: The comparison between three types of control signalling on the DL.

	
	Type-I
	Type-II
	Type-III

	Latency
	No
	low
	High

	Complexity
	Higher
	Mid
	Very low

	Overhead
	Very High
	High
	Very Low

	Performance Degradation
	No
	Very small
	Small

	Accuracy
	Very High
	High
	Mid


In the tables, the several definitions are made as follows:
· Latency: the delay between instant signalling and constrained signalling.

· Performance degradation: the degradation in terms of sector throughput and user coverage.

· Accuracy: how correctly select transmit mode since with Type-III for example it could have some miss matching between mode request, grant, and transmission if the timing is not synchronized.
4 Conclusions

In this contribution, we have discussed three types STTD/SM mode switching using different control signalling structures. From these discussions, we suggest that in order to accomplish the fast transmission mode switching, the UL should require the fast control signaling bits for transmit mode request and the DL should also require the fast control signaling bits for transmit grant mode.
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� Transmit diversity could be either space-time transmit diversity (STTD), or space frequency transmit diversity (SFTD), or cyclic delay diversity (CDD).


� The RB CQI control signaling can be either for the first RB reporting or the last RB reporting or the predetermined RB.
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