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1. Introduction
Recently there has been extensive discussions in 3GPP related to the transmit antenna diversity in the LTE UL. On 3GPP RAN1#48 meeting, it was decided that a closed loop (CL) type adaptive antenna selection transmit diversity (ASTD) is supported as UE capability for FDD and half duplex FDD UL [1].

By the definition, the antenna selection is signalled on the DL to the UE when CL ASTD is used in UL. This requires a design of suitable DL signalling scheme. As pointed out in several contributions, one additional bit of information is sufficient for indicating the selection of  transmit antenna. Inclusion of this information bit to the UL scheduling grant has been discussed e.g. in [2]. In [2], two options were considered: either adding one additional bit to the scheduling grant, requiring introduction of an additional UL scheduling format or, alternatively, that an existing bit in the UL scheduling grant is re-used for antenna selection indication. In the latter option, the interpretation of the UL scheduling grant is changed and, thus, the signalling capability is reduced for, e.g., MCS or other information included in the scheduling grant.
In this contribution, an alternative option for CL ASTD DL signaling is proposed. The DL signaling scheme is presented and its merits are discussed in Section 2. Conclusions are briefly presented in Section 3.  

2. DL signaling scheme for UL antenna selection
In its simplicity, the indication of the selected transmit antenna is associated to the subframe for which UE receives first UL scheduling grant after a break in the consecutive UL scheduling grants. In other words, Node B signals the selection of the transmit antenna by starting a resource allocation for the UE in a subframe corresponding to the selected antenna. The antenna selection remains unchanged as long as UE receives UL scheduling grants for the consecutive subframes.   

Naturally, there are multiple options for logically associating a transmit antenna selection to a UL scheduling grant in a particular subframe. Two possible options are 
1. UL scheduling grant indicates that the Tx antenna from which the latest sounding RS was transmitted is also used for data transmission.
2. UL scheduling grant in an even subframe indicates the selection of Tx antenna 1, while a scheduling grant in an odd subframe indicates the selection of Tx antenna 2 (or vice versa). 
The underlaying, commonly made assumption is that the UL transmission of sounding reference signal (RS) is periodically alternated between the transmission antennas to enable frequency domain packet scheduling as well as adaptation of antenna selection. The period between consequtive sounding RS transmissions from UE is assumed to be one subframe in the minimum, but it may be also longer. This is also the reason why we prefer option 2 over option 1; the delay inherent in this kind of signaling does not depend on the sounding RS period in the case of option 2.
In the following figures illustrating the proposed DL signaling, option 2 and sounding RS period of one subframe are assumed. Sounding RS is transmitted from Tx antenna 1 and 2 in odd and even subframes, respectively. The selection of antenna after a (longer) break on the UL data transmission is illustrated in Figure 1. The UL scheduling grant is happening in an even subframe (subframe 4), indicating that Tx antenna 1 should be used for UL data transmission. The terminal is also scheduled in the consecutive subframes (subframes 5 and 6) and the terminal keeps transmitting its data on from same Tx antenna (Tx antenna 1 in this example). A change of transmit antenna during UL data transmission is illustrated in Figure 2. On the example in Figure 2, Node B decides to change the transmit antenna from Tx antenna 1 to Tx antenna 2 after receiving sounding RS in subframe 2. Node B decides also to minimize the gap on the consecutive UE transmissions and, thus, still assignes a scheduling grant to the UE also in subframe 3 and the UE keeps transmitting from Tx antenna 1. The utilization of transmit antenna 2 is indicated with the lack of scheduling grant in subframe 4 allowing the change or re-selection of the Tx antenna followed by a scheduling grant in subframe 5 (odd subframe implying Tx antenna 2). A block diagram of the required antenna selection logic is presented in Figure 3. 
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Figure 1 Closed loop antenna selection with DL signalling based on the timing of UL scheduling grant.
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Figure 2 Change of transmit antenna with DL signalling based on the timing of UL scheduling grant.
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Figure 3 Transmit antenna selection logic on the UE.
The presented DL signalling allows for CL antenna selection without increasing signalling overhead in DL, or requiring an introduction of a new UL scheduling grant format, or reducing the information content in the UL scheduling grant for MCS or other  transmission parameter. 

Naturally, the presented signaling scheme also involves some drawbacks. Since the signalling is based on the timing of  UL scheduling grants, also the drawbacks can be seen on time domain. The signaling  increases the delay when assigning UL scheduling grants on a response to a scheduling request. However, the additional delay is only 0.5 ms on the average with option 2, irrespective of sounding RS period.  Another drawback is the increased adaptation delay when changing the transmit antenna. The additional delay is 1 ms on the average with option 2, again irrespective of sounding RS period.  
3. Conclusions
In this contribution, the DL signalling required for the closed loop antenna selection transmit diversity in UL was discussed, and a new option for DL signalling was presented.  In the presented signalling scheme, antenna selection is associated to the timing of UL scheduling grant. The presented signalling scheme is an attractive option, since it does not require any CL ASTD specific changes to the UL scheduling grant or increase the signalling overhead. Hence it is proposed as a DL signalling scheme for UL CL ASTD.  
References
[1] “Draft Report of 3GPP TSG RAN WG1 #48 v0.2.0” 

[2] NTT DoCoMo, Institute for Infocomm Research, Mitsubishi Electric, NEC, Sharp, Toshiba, “Closed Loop Antenna Switching in E-UTRA Uplink”, R1-070860
