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1. Introduction

In St. Louis meeting, there was a working assumption that closed-loop antenna selection for data channel is supported as an option for E-UTRA FDD and half duplex FDD. However, an argument for the trade-off relationship between its actual antenna diversity gain and sounding RS overhead has been raised on the e-mail discussion in Malta and Kobe meeting. In other words, the antenna selection gain for Doppler frequency may be limited if any additional sounding RS overhead should not be allowed [1]. In the contribution, we investigate some viewpoints of sounding RS design especially for closed-loop antenna selection in case of narrow and broad sounding RS bandwidth. And then, some design approaches are proposed to mitigate an effect of out-of-date CQ information at UL scheduling time instance.
2. Consideration on sounding RS design for closed-loop antenna selection
2.1. Overview of sounding RS design 
Currently, some of design issues for sounding RS related with antenna selection can be itemized as follows;
· Sounding RS bandwidth and frequency-domain repetition factor(RPF)
The use of narrowband sounding RS for cell-edge UEs has been proposed to mitigate inter-cell interference and enhance CQI measurement [2][3], and then, some companies are now showing their own multiple bandwidth options for sounding RS [3][4][5][6]. The multiple bandwidth sounding RSs are multiplexed by D-FDM (comb-shaped spectrum) of which structure is defined by repetition factor (RPF). The number of sounding RS bandwidth is now most likely to be 2~4 when considering signaling overhead and the available number of RPF. The feasible value of RPF in terms of the available number of the cyclic shifts on the ZC sequence needs to be investigated further. The minimum bandwidth for sounding RS is regarded as 1.25MHz in most contributions, but several companies propose various options for other bandwidths. 
· Time-domain sounding RS transmission interval considering UE sounding RS capacity
For a given system parameters such as the number of sounding RS LB per subframe, sounding RS bandwidth, and the number of available cyclic shifts, UE capacity of sounding RS transmission may be decided by sounding RS overhead and per-UE sounding RS transmission rate. By assuming that the number of available cyclic shifts is 6 and the number of used sounding RS LB per subframe is 1, maximum (TSRS*6) UEs can transmit sounding RS for a given sounding RS BW if per-UE sounding RS transmission interval is TSRS ms (TTI). TSRS per UE should be adaptively set to provide the optimal system performance up to 15km/h and improve uplink scheduling gain at lower UE speed [4]. 
From the viewpoint of closed-loop antenna selection, two antennas’ sounding RS should be multiplexed in time domain because of the single PA/ RF chain condition. If two sounding RS transmissions on each antenna within TSRS(= 2) ms (e.g. an additional sounding RS overhead is provided for closed-loop antenna selection), each UE using antenna selection actually transmits sounding RS in every TTI, which results in a shortage of sounding RS. Therefore, there is an argue point of whether we put an additional sounding RS overhead for optimizing the antenna selection performance. If an additional sounding RS overhead can not be allowed, per antenna sounding RS transmission interval is actually 2* TSRS ms (= 4ms). In the remaining part of the contribution, we only consider the situation where there is no additional sounding RS overhead for closed-loop antenna selection.
2.2. Problematic situation for closed-loop antenna selection considering the current design trend of sounding RS
In R1-063314 [7] and R1-070097 [8], it was mentioned that the joint usage of frequency domain channel-dependent scheduling and closed-loop antenna selection at the cell edge increases the possibility of cell coverage extension.  In viewpoint of sounding RS design, narrowband sounding RS for cell-edge UEs is required to mitigate inter-cell interference and to enhance insufficient sub-carrier allocated power. Uplink channel sounding of narrowband sounding UEs over the whole bandwidth may be achieved by aggregating measured CQI through narrowband sounding RS with frequency hopping [3][4][6]. In other words, cell-edge UEs using narrowband sounding RS can do channel sounding for an available system bandwidth through a given number of sounding RS transmission, which requires a relatively large channel sounding delay especially for a large scheduling bandwidth case (10MHz or 20MHz) compared with the case of broadband sounding RS. If a cell-edge scheduled UE using narrowband sounding RS applies closed-loop antenna selection, the large channel sounding delay directly means deterioration in the reliability of measured CQI for a given Doppler frequency (UE speed), which causes a limitation of antenna selection gain as well as UL scheduling gain.
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Figure 1 shows an exemplary case of a sounding RS transmission for a cell-edge UE applying the closed-loop antenna selection. To explain the situation in the Figure 1, we assume the following parameters; 
· The whole scheduling bandwidth is 10MHz.

· Three types of sounding RS bandwidths of 1.25MHz, 5MHz and 10MHz are considered with RPF 3. 
· One narrowband sounding RS is transmitted over 1.25MHz with cyclic-shift frequency-hopping.

· Basic per-UE sounding RS transmission interval TSRS is set to 2 (ms or TTI). In case of more frequent sounding RS transmissions considering narrowband sounding RS multiplexing in frequency domain, TSRS is set to 1 (ms or TTI).
Based on these parameters for sounding RS transmission, full channel sounding delay of two antennas for a cell-edge UE is 32 ms and 16ms when narrowband sounding RS and closed-loop antenna selection are applied and TSRS is set to 2 and 1, respectively. That is, for this UE case, the scheduler in eNodeB may have CQI of which acquisition time was maximally 32ms/16ms before a scheduling time instance for band/antenna selection. The CQI acquisition time gap is linearly proportional to the whole scheduling bandwidth and inversely proportional to the sounding RS bandwidth for a cell-edge UE. The occurrence of a large time gap between CQI acquisition and uplink scheduling time instance may bring about a negative impact on the operating range of uplink channel-dependent band/antenna selection in terms of UE speed. 
In case of broadband sounding RS, for a given TSRS and the system bandwidth, its entire channel sounding time is significantly shorter than that of narrowband sounding RS. In order to investigate the effect of TSRS for a given UE speed, the link performance applying best band selection (no AMC) and antenna switching are shown in Figure 2. This figure shows that a careful consideration for TSRS (e.g. Doppler frequency impact) should be taken for optimizing the system performance (of band scheduling gain and antenna selection gain) up to 15km/h [4] even in case of broadband sounding RS.
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Figure 2 Link performance for broadband sounding RS applying best band selection and antenna selection       (1-RB localized transmission, QPSK 1/2, 6-ray TU channel, 2 rx antennas)

In Subsection 3, some design approaches of narrowband and broadband sounding RSs for closed-loop antenna selection is considered, especially focusing on mitigation of Doppler frequency effect.
3. Design approaches of narrowband/broadband sounding RS for closed-loop antenna selection
In this section, we carefully consider several possible approaches of sounding RS design for closed-loop antenna selection to resolve the problematic situation mentioned above, i.e. the vulnerability to the Doppler frequency. 

3.1. Restriction on uplink UE scheduling bandwidth

The first approach is to restrict cell-edge UEs’ scheduling bandwidth for reducing channel sounding period especially in the case of more than 10MHz system bandwidth [9]. The eNodeB divides the whole scheduling bandwidth into several sub-bandwidths and then, let cell-edge UEs do channel sounding with frequency hopping only within a sub-bandwidth. This approach reduces the channel sounding latency (e.g. a time gap between CQI acquisition and scheduling time instance) but may restrict uplink frequency-domain scheduling operation. For the concern of uplink scheduling, we should consider that a contiguous band allocation for single carrier property is adopted in E-UTRA uplink and relatively small number of RBs are generally assigned to cell-edge UEs due to the limited data rate. In R1-060323 [10], it was shown that a limited use of scheduling bandwidth causes no system throughput degradation if channel selectivity in frequency domain is sufficiently provided. And, the concept of scheduling bandwidth limitation may be well matched with fractional frequency reuse (FFR). In R1-070099 [11], it was proposed that a given number of RBs are grouped into a chunk, and each chunk is dedicatedly assigned to the specific user group for cell-edge UEs. If no significant throughput loss occurs especially for cell-edge UEs, a large channel sounding period due to using narrowband sounding RS can be reduced by limiting uplink scheduling bandwidth, which resolves degradation of both scheduling gain and antenna selection gain for Doppler frequency. The selected sub-bandwidth is semi-statically signaled to a cell-edge UE through higher-layer signaling, and different sub-bandwidths for each antenna can be assigned in order to protect high antenna correlation. Figure 3 illustrates an example for this approach in which 1.25MHz narrow sounding bandwidth are staggering over a given 5MHz sub-bandwidth out of 10MHz whole scheduling bandwidth. When comparing with the conventional case of Figure 1, the entire channel sounding time is linearly reduced by the number of sub-bandwidths over the whole scheduling bandwidth.
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Figure 3 Sounding RS transmission only within a sub-bandwidth
3.2. Extension on sounding RS bandwidth
The second simple approach for cell-edge UEs is to use a larger sounding RS bandwidth when closed-loop antenna selection is applied. In order to define a specific sounding RS bandwidth for cell-edge UEs using closed-loop antenna selection, the value of available RPF should be further discussed and then determined. If there is a room for adding one more specific sounding RS bandwidth on a given value of RPF, we could apply this approach to reduce the entire channel sounding time for a cell-edge UEs with closed-loop antenna selection. Figure 4 shows an exemplary illustration for this approach based on the following situation. 
· Possible value of RPF considering the number of cyclic shifts is 4.
· Basic sounding RS bandwidths are 1.25MHz, 5MHz, and 10MHz, and a specific narrow sounding RS   bandwidth for closed-loop antenna selection is 2.5MHz.
Under the condition mentioned above, if the value of RPF is strictly set to 3 to guarantee the number of available cyclic shifts of ZC sequence, other alternative is to apply 5MHz sounding RS for cell-edge UEs using antenna selection. One concerning point for this approach is whether a kind of extension on narrowband sounding RS causes critical system throughput loss (e.g. a damage on inter-cell interference mitigation and CQI quality enhancement), and further investigation and decision are necessary.
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Figure 4 Example for an extended sounding RS bandwidth for closed-loop antenna selection
3.3. Broadband sounding RS transmission for adaptive antenna switching
As mentioned in Subsection 2, further consideration for sounding RS design even in case of broadband sounding RS is necessary to optimize system performance for a target UE speed of 15km/h or more. The value of per-UE sounding RS transmission interval TSRS can be selected to support the system performance enhancement for a given Doppler frequency, but we should keep in mind that TSRS is closely related with UE sounding RS capacity. Under the condition that there is a limitation for reducing the value of TSRS and the system bandwidth is not much large, a kind of DM-RS switching for CQI acquisition would be helpful for system performance improvement especially in case of relatively high UE speed. 
A conceptual example of using DM-RS switching for more recent CQI acquisition is illustrated in Figure 5. A kind of CQI acquisition method using only sounding RS may outdate channel sounding information for an antenna at a given high UE speed, which results in significant degradation of antenna selection gain. The channel sounding method using a DM-RS switching toward the unused antenna enables new CQI update for a limited bandwidth consisting of a given number of contiguous RBs and substitutes outdated CQI with this new CQI. At an unused antenna, this method mitigates the effect of Doppler frequency for an updated bandwidth but limits band scheduling due to absence of CQI for not updated bandwidth. This proposal is based on the fact that the use of outdated CQI for a marginal UE speed cause a significant fall in system performance. Further investigation of system performance would be done, if necessary.
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Figure 5 A conceptual example of using DM-RS switching for more recent CQI acquisition
4. Conclusions
In this contribution, fist of all, several design issues for sounding RS related with closed-loop antenna selection are summarized. Some problematic consideration points for sounding RS design when closed-loop antenna selection is applied are provided, and then, we described some design approaches of narrowband and broadband sounding RS for closed-loop antenna selection. In order to maintain antenna selection gain for reasonable operation range in terms of Doppler frequency, we guess that some further discussion about sounding RS design related with closed-loop antenna selection is necessary.
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Figure 1 Basic per-antenna sounding process for closed-loop antenna selection without incurring any additional sounding overhead
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