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1 Introduction
In E-UTRA [1], each user equipment (UE) is able to have two transmit antennas and one RF chain, considering for lowering the UE complexity. With this constraint, antenna switching transmit diversity (ASTD) is an alternative to potentially increase the system capacity. The ASTD could rely on either open-loop based or closed-loop based. With open-loop ASTD [2] [3], a significant antenna switching gain can be achieved. With closed-loop ASTD [4], it is justified that the further gain can be provided due to near instantaneous channel knowledge making a better transmit antenna selection. In order to accurately catch up the better channel from two transmit antennas, a single bit control channel from Node-B to each UE is necessary.
In this contribution, we are focusing on the following two issues:

· Considering the adaptation between open-loop ASTD and closed-loop ASTD based on the UE channel conditions. For example, at high velocity, it is better for the UE to use open-loop ASTD, and vice versa.

· Discussing how the closed-loop ASTD does work well even without an additional single bit control channel for selected antenna indication. For that, our proposal is to reuse existing MCS indication channel to contain both MCS level (using a kind of differential feedback manner) and antenna switching information by reconfiguring MCS fields.

The motivation of the proposed approach is to maximize the ASTD system capacity gain under any channel conditions without increasing the control channel information.

2 High-Level Concept for Closed-Loop ASTD
A block diagram of closed-loop ASTD is illustrated in Figure 1, where UE equips a switch circuitry connecting two transmit antennas and one RF chain. The general concept is that each UE selects a better antenna from two antennas according to a fast feedback antenna switching indication. This closed-loop ASTD could be extended to the case with any number of transmit antennas.
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Figure 1: Block diagram of closed-loop ASTD.

In general, closed-loop ASTD provides a significant gain as opposed to non-switching case or open-loop ASTD. However, this does not always happen, depending strongly upon the UE conditions. At high velocity, for example, the UE should use open-loop ASTD rather than closed-loop fashion. The decision should be made by serving Node-B, by configuring a high layer control signalling from Node-B, and the adaptation interval should be very long, for example, 500msec.
Our Proposal:
· Each UE keeps sending a sounding channel, periodically switching between two transmit antennas. The rate of antenna switching for the sounding channel should be constant, and could be either predetermined or configured by a high layer control signalling from Node-B.
· Node-B estimates the channel variations on both transmit antennas in time domain, corresponding to UE velocity, and determines whether open-loop ASTD or closed-loop ASTD should be taken.

· With open-loop ASTD, a control signal configured by higher layer is sent by serving Node-B. The control signal includes both open-loop ASTD mode indicator and its related MCS format. It should be noted that the open-loop ASTD related MCS format is the general format, called category-I, designed for general uses.

· With closed-loop ASTD, a control signal configured by higher layer is sent by serving Node-B. The control signal includes both closed-loop ASTD mode indicator and its related MCS format. It also should be noted that the closed-loop ASTD related MCS format is quite different, only designed for closed-loop ASTD uses with a kind of differential feedback manner.

Specifications:

· The switching rate of sounding channel between two transmit antennas if it is predetermined.
· Close-loop ASTD related MCS fields.
3 Detailed Design of MCS Fields for Closed-Loop ASTD

The general MCS fields, called category-I MCS fields, are defined by N bits, which may convey 
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 channel states, corresponding to 
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 MCS levels, for example, N = 5 corresponding to 32 MCS levels. The MCS fields for closed-loop ASTD, called category-II MCS fields considering differential MCS mechanism, are able to contain both MCS level information and the switching antenna information. Table 1, as an example, lists detailed MCS fields for the closed-loop ASTD. That is, one bit is reserved for switching antenna indication, one bit is reserved for 
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MCS offset indication, and the remained N-2 bits are reserved for MCS offset indication.
Table 1: Closed-loop ASTD related MCS fields (category-II MCS fields).
	Switching Antenna Indication
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 Offset Indication
	Offset Indication

	1 (bit)
	1 (bit)
	N-2 (bits)


Here, we assume that Node-B assigns several contiguous resource units (RU), called trunk, to each served UE by sending the served UE ID and its suitable MCS indication. With open-loop ASTD mode, Node-B uses category-I MCS fields to indicate MCS level for that trunk. With closed-loop ASTD mode, however, Node-B uses category-II MCS fields to indicate both MCS level and switching antenna, with the procedure as follows:
· Node-B has to store the previous MCS level for each trunk of each UE, and each UE has to store the previous MCS level for each trunk as well.
· Node-B determines the preferred switching antenna using one bit contained in category-II MCS fields.
· Node-B compares the current MCS level with the previous MCS level in the same trunk for the same UE, and figures out both 
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 offset indication and offset indication.

· If current MCS level is higher than the previous MCS level, 
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 offset indication is 1, and otherwise 0.

· Remained N-2 bits are used to indicate the MCS level offset between the current MCS level and the previous MCS level.

· Each UE figures out the preferred switching antenna and corresponding MCS level based on category-II MCS field.
4 System Level Performance Evaluations
4.1 Simulation Definitions
MCS feedback error rate: 
It is assumed that the total number of feedback MCSs is M, the previous MCS level for the trunk k is Lprev, k, and the current MCS level for the trunk k is Lcurr, k.
MCS feedback error rate = (the number of MCSs for Lprev, k 
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 Lcurr, k) / M.

MCS error offset: 
It is assumed that the accurate MCS level using category-I MCS fields is Lcat-I, and the MCS level using category-II MCS fields is Lcat-II.
MCS error offset is defined as the offset between Lcat-I  and Lcat-II  when Lprev, k 
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 Lcurr, k.
4.2 Performance Output
Figure 2 shows the MCS feedback error rate at UE velocity of 3, 30 and 120 km/h, as a function of the number of UEs per cell. Figure 3 shows the MCS error offset distribution at UE velocity of 30 km/h with proportional fairness scheduling.
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Figure 2: MCS feedback error rate at UE velocities of 3, 30, and 120 km/h.
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Figure 3: MCS error offset distribution at UE velocity of 30 km/h, with proportional fairness scheduling.
4.3 Observations

· When the UE velocity is low such as 3 km/h, MCS feedback error rate is significantly low (below one percent). This error rate could be negligible for MCS feedback in system performance evaluation. When the UE velocity increases, say 120 km/h, however, the MCS feedback error rate could be large than ten percent, which may significantly impact system performance.

· MCS error offset distribution is exponentially descending, meaning that most MCS feedback errors occur with small MCS error offset. A small MCS error offset only has less impact on system performance since it could be every easily recovered by L1 H-ARQ process.
5 Conclusions
This contribution has considered a very slow adaptation mechanism between open-loop ASTD and closed-loop ASTD based on the UE channel conditions. In order to reduce the control signaling channel for closed-loop ASTD, we employed a differential feedback manner and reused the existing MCS indication channel by reconfiguring the MCS fields through high layer control signalling channel. The advantages provided by the proposed scheme are as follows:
· Maximizing the ASTD system capacity gain under any channel conditions without increasing the control channel information.

· The reconfigured MCS fields for closed-loop ASTD have a negligible impact on system capacity since the UE only at low velocity has chance to use closed-loop ASTD. Under such a condition, the channel variation in time domain is very small, and MCS feedback error rate is very low.
It is worthwhile noting that category-I MCS field is still necessary for open-loop ASTD since open-loop ASTD, in general, works well under high velocity conditions.
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Appendix
The up-link system level simulation assumptions from [1] were used for simulation case-1 with UE velocity of 3km/h, 30km/h and 120km/h, respectively. The detailed parameters are listed in Table 2.
Table 2: System level simulation parameters.

	Number of Cells
	19

	Number of Sectors per Cell
	3

	Number of UEs per sector
	10, 15, 20, 25, and 30

	Antenna Configuration
	1x2

	Centre Frequency
	2 GHz

	Transmission Power
	250 mWatts (24 dBm)

	Lognormal Shadowing
	8dB

	Noise Figure
	5 dB

	Transmit Antenna Gain
	0 dBi

	Receive Antenna Gain
	14 dBi

	Maximum CIR
	30 dB

	Path-Loss
	128.1+37.6log10(R), R in km

	Scheduler
	Channel Dependent RR and PF

	CIR Feedback Delay
	3 TTIs

	Slow Power Control
	Fractional Power Control

	Channel Sounding Delay
	3 TTIs

	MU MIMO Receiver Type
	LMMSE

	Data Traffic
	Full Queue Traffic

	Number of Sub-carriers per RB for Sounding
	1

	Sounding Channel Estimation
	Real

	Data Channel Estimation
	Real

	Maximum Retransmission Number
	3

	HARQ Combining
	Chase

	Number of RBs for User Scheduling
	3

	Number of Bits for MCS Feedback Fields
	5 Bits (32 MCS Levels)


The frame structure, effective SNR computation, sounding channel design, adaptive MU MIMO, MCS design, and scheduling for MU MIMO are detailed in contribution [5].
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