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1. Introduction

In E-UTRA uplink, the implementation of multiple RF chains and multiple power amplifiers in a UE may be restricted due to complexity and power consumption. In Sorrento meeting, it was agreed that multiple power amplifiers will not be considered for the UEs in this release. By this agreement, transmit antenna switching scheme can be regarded as a solution to exploit the spatial diversity from multiple antennas with single power amplifier (or RF chain). Moreover, since hopping or antenna switching without any closed-loop feedback was decided not to be considered as a standard issue any more, adaptive antenna switching which selects the best transmit antenna according to the instantaneous channel variation actually becomes the promising transmit diversity candidate. The performance of the adaptive antenna switching has been evaluated in the previous contributions [1], [2], and [3]. Since the adaptive antenna switching requires reliable channel quality information per antenna, several per-antenna DM-RS (Data Modulation-Reference Signal) allocation schemes have been proposed in [4], [5]. Considering new uplink DM-RS structure, a DM-RS symbol switching for channel estimation of an unused antenna may cause the degradation of decoding performance for current transmit data as well as switching power loss. In this contribution, first of all, we investigate the relationship of adaptive antenna switching period and a suitable UL RS type/feedback channel. And, under the condition of multiple antenna switching within an uplink scheduling period, a new per-antenna DM-RS allocation scheme is proposed to reduce the number of the DM-RS symbol switching, and the link performance of the proposed scheme is compared with that of other basic schemes for UE speed of 3km/h and 30km/h.     
2. Consideration of adaptive antenna switching period and its relevant issues

The uplink scheduling period in E-UTRA seems to be an implementation issue but should simultaneously consider the operating range in terms of UE speed and the overhead of downlink control signaling. If the adaptive antenna switching period is fully synchronized with the uplink scheduling period, an uplink sounding RS transmission per antenna is required to obtain the whole scheduling bandwidth’s channel quality information for an antenna selection on a selected sub-band. In this case, 1-bit antenna selection command may be inserted in downlink grant channel but the concerning point is the reliability/overhead trade-off of uplink sounding RS and the length of the uplink scheduling period. If the sounding RS for each antenna should be transmitted at least once within the previous uplink scheduling interval, at least NT(the number of transmit antenna)-times number of sounding RS symbols (even if all UEs can be multiplexed by CDM) is required to support adaptive antenna switching, which results in throughput loss. On the other hand, if the number of the sounding RS symbols within a scheduling period is limited in order to minimize uplink overhead, the time gap between antenna switching point and the sounding RS measurement point for an antenna may be extended to NT-times uplink scheduling period (for only one sounding RS transmission per uplink scheduling period) at the worst case, which may significantly limit the operating range in terms of UE speed especially when the scheduling period is large.
In order to optimize the link performance gain of the adaptive antenna switching scheme, multiple antenna switching within an uplink scheduling period can be considered. In this case, the uplink DM RS is suitable for obtaining channel quality information of each antenna. The main concerning point of this case is downlink feedback channel design and its overhead. A specific downlink control channel including all UEs’ 1-bit antenna selection commands may be designed for this finely adaptive antenna switching but it should be further discussed. This control channel’s overhead can be optimized considering the maximum number of UEs using  adaptive antenna switching.
In following sections, we focus on per-antenna DM-RS allocation method under the condition that a multiple antenna switching within an uplink scheduling period is applied and its relevant downlink control channel is designed.
3. DM-RS transmission schemes for adaptive antenna switching
3.1. Conventional DM-RS transmission schemes for adaptive antenna switching 
Considering the new uplink DM-RS structure decided in Sorrento meeting, Figure 1 and 2 represent the conventional DM-RS allocation schemes for adaptive antenna switching, which have proposed in [2]-[5].

Figure 1 shows the antenna switching scheme that the channel quality information for an unused antenna is obtained by an intentional 1ms subframe switching, which is referred as AS-1. In the figure, for the antenna switching at the start point of TTI3, TTI6, and TTI9, an intentional subframe switching for channel quality estimation is done at TTI1, TTI4, and TTI7. Then, eNodeB selects the best antenna and transmit 1-bit antenna switching command to UEs before antenna switching point. This scheme maintains the channel estimation performance using 2 DM-RS symbols for data demodulation but can not exploit full link gain of adaptive antenna switching because an intentional subframe switching causes a non-best antenna selection for UE data transmission.
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Figure 1: Antenna selection scheme (AS-1) with an intentional subframe switching 
Figure 2 represents the antenna switching scheme that the channel quality information for an unused antenna is obtained by a DM-RS symbol switching, which is referred as AS-2. In this figure, it is assumed that the adaptive antenna switching period (in TTI level), TAS is 2, and the intentional DM-RS symbol switching period (in TTI level), TAS_DMRS is fixed to 2. The eNodeB selects the best antenna using the switched DM-RS symbol in previous TTI, and then, transmit 1-bit antenna switching command to UEs before antenna switching point. This scheme can exploit full link gain of adaptive antenna switching because the UE data is always transmitted through the selected antenna. However, the channel estimation potentials in the subframe with DM-RS symbol switching is degraded according to UE speed because it can use only one DM-RS symbol for data demodulation.
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Figure 2: Antenna selection scheme (AS-2) with an intentional DM-RS symbol switching (TAS = 2)
3.2. New proposed DM-RS allocation scheme for adaptive antenna switching 
For the DM-RS symbol switching in the AS-2 scheme, we should consider that it may cause the switching loss of approximately 0.5~0.7dB [1]. The antenna switching loss is known to result from the cable line loss or RF receiver matching problem, etc. In this section, we introduce a new per-antenna DM-RS allocation method to significantly reduce the number of the DM-RS symbol switching. In the proposed method, the DM-RS symbol switching period is controlled by the parameter, F expressed as;
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where F is defined as the extension factor for the DM-RS symbol switching duration, and F=1 means the AS-2 scheme. If we set a large value of F, the number of the DM-RS symbol switching for adaptive antenna switching can be reduced effectively. However, if the value of F is too much large for UE speed, the link gain of adaptive antenna switching may be degraded due to low reliability of the channel quality information. Figure 3 and 4 illustrate the proposed per-antenna DM-RS allocation method when the adaptive antenna switching period, TAS is 2, and F is 2 and 3, respectively.
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 Figure 3: Proposed per-antenna DM-RS allocation method for TAS = 2 and TAS_DMRS =2* TAS 

[image: image5.emf]Tx1

Tx2

TTI

0 1 2 3 4 5 6 7 8 9

Second Ref OFDM sym

First Ref OFDM sym

Adaptive antenna switching point

1 Slot

Feedback(Tx2) Feedback(Tx1)

Feedback(Tx2)

Feedback(Tx2)

T

AS_DMRS

  = 6

 Figure 4: Proposed per-antenna DM-RS allocation method for TAS = 2, TAS_DMRS =3* TAS
When we assume only single RF is available and the decision & feedback delay is 1TTI, the number of the DM-RS symbol switching for a given amount of observation TTIs can be calculated by;
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Table 1 represent the calculation result of the number of the DM-RS symbol switching for the AS-2 scheme and the proposed method when TAS is 2, and NT is 2. It is shown that the proposed method can significantly reduce the number of the DM-RS symbol switching compared with the AS-2 scheme.
Table 1: The numerical number of the DM-RS symbol switching for a given amount of TTIs
	
	10(0~9) 
TTIs transmission
	1000(0~999)

 TTIs transmission
	100000(0~99999)

 TTIs transmission

	AS-2
	10
	1000
	100000

	Proposed

method
	F = 2
	F = 4
	F = 10
	F = 2
	F = 4
	F = 10
	F = 2
	F = 4
	F = 10

	
	6
	4
	2
	502
	252
	102
	50002
	25002
	10002


4. Simulation Results
In Section 3, we evaluate the link performance for the proposed per-antenna DM-RS allocation method as well as various types of the antenna switching schemes based on the new uplink DM-RS structure decided in  Sorrento meeting. Table 2 represents the simulation parameters for link performance evaluation.
Table 2: Simulation parameters [7]
	Parameter
	Value
	Parameter
	Value

	Transmission Bandwidth
	10MHz
	Number of RBs 
	5

	NFFT
	1024
	Channel model 

/  UE speed
	Typical urban / 3, 30km/h

	Usable sub-carriers 
	600
	MCS levels
	QPSK, 1/2 code rate

16QAM, 1/2 code rate

	Sub-carrier spacing
	15KHz
	HARQ
	None

	One slot duration/TTI
	0.5ms/1ms
	Receiver

/ Channel estimation
	MMSE equalizer with 2 rx. antennas
/ 2D-Wiener


Figure 5 shows the link performance for the considered antenna switching schemes when TAS is 3 TTIs, the UE speed is 3km/h, and QPSK-1/2 is applied. The link performance of the single antenna transmission, the open loop antenna switching, and the AS-1 scheme shows very similar for the UE speed of 3km/h and TAS of 3 TTIs. On the other hand, the proposed antenna switching scheme provides very similar link performance to the AS-2 scheme. For the case of F = 10, the link margin between the AS-2 scheme and the proposed method is almost 0.2dB at the BLER of 10-2. In Figure 6, when TAS is 6 TTI, the simulation results have very similar trend to those in Figure 5 but the link margin between the AS-2 scheme and the proposed method becomes larger. On the other hand, when 16QAM is applied instead of QPSK, the link margin between the AS-2 scheme and the proposed method decreases, as shown in Figure 7. From the above simulation results, it is shown that the proposed method with a large value of F still provides the comparable link performance with the AS-2 scheme.

Figure 8 shows the link performance for the considered antenna switching schemes when the UE speed is 30km/h, TAS is 2/6 TTIs, and QPSK-1/2 is applied. First of all, the AS-2 scheme and the proposed method (the case of F=2) provide the link performance gain of more than 1dB compared to the open-loop antenna switching scheme. That is, the proposed method with F=2 still shows the comparable performance with the AS-2 scheme, which can require only 50~60% of the numbers of the DM-RS symbol switching even for 30km/h. Another viewpoint is for the adaptive antenna switching period on the UE speed of 30km/h. In the figure, when TAS is 6 TTIs, the link gain of adaptive antenna switching is disappeared. It means that more careful investigation for the feasible operating range in terms of UE speed is needed for the decision of whether the adaptive switching period is fully synchronized with the uplink scheduling period.

5. Conclusion

In this contribution, first of all, we investigated the impact and the concerning points for the two cases of the adaptive antenna switching period. Under the condition of multiple times adaptive antenna switching within an uplink scheduling period, we introduced a new per-antenna DM-RS allocation method and evaluated the link performance for various simulation cases. Under the condition that the UE speed is below 30km/h, the proposed method can significantly reduce the number of the DM-RS symbol switching providing a comparable link performance with the AS-2 scheme which has the best performance among considered adaptive antenna switching schemes. Our view for adaptive antenna switching is that further investigation for the adaptive antenna switching period should be considered, and a reduction method for the number of the DM-RS symbol switching is necessary if multiple times adaptive antenna switching within an uplink scheduling period is applied and its relevant downlink control channel designed.
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Figure 5: The link performance for transmission schemes (QPSK 1/2, TAS = 2TTI, UE speed = 3km/h)
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Figure 6: The link performance for transmission schemes (QPSK 1/2, TAS = 6TTI, UE mobility = 3km/h)
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Figure 7: The link performance for transmission schemes (16QAM 1/2, TAS = 2TTI, UE mobility = 3km/h)
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Figure 8: The link performance for transmission schemes (QPSK 1/2, TAS = 2/6TTI, UE mobility = 30km/h)
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