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1 Introduction
In TDD, channel reciprocity is useful for efficient MIMO control [1]-[6]. In most cases, channel reciprocity is considered available. However, in reality, there is a small probability that channel reciprocity does not hold. This contribution suggests this possibility and discusses solutions for this problem. 
2 Consideration on Channel Reciprocity in TDD
In LTE-advanced TDD, channel reciprocity is envisaged to support UL and DL MIMO control effectively [1]-[6]. In most cases, channel reciprocity is considered available even in the presence of multipath fading and antenna coupling. However, there is a small probability that non-reciprocal channels happen as shown in the following example : 
Example) 
  Let us consider an analog repeater between eNB and UE as shown in Fig. 1, where the analog repeater has two isolated antennas for transmission and reception and amplifies all UL and DL signals in the same direction. Since analog repeater is transparent to UEs, UE is not aware of the existence of the repeater.
 In this case, eNB-RN links 
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for uplink and downlink are not reciprocal because they have different propagation paths (RN’s Tx-to-eNB for UL, eNB-to-RN’s Rx for DL). Likewise, RN-UE links 
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for uplink and downlink are not reciprocal because of different paths as shown in Fig. 1. Therefore, channel reciprocity does not hold for UE-eNB link due to 
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Figure 1: An example of non-reciprocal channel in TDD.
Actually, the repeater is supposed to switch directions of amplification depending UL and DL after calibration, which would keep channel reciprocity. But, it may happen with a small probability that the repeater’s calibration or the repeater’s amplification for one direction does not work well.  Thus, channel reciprocity is not always guaranteed. 
3 Necessity of Checking Channel Reciprocity 
Although channel reciprocity is considered effective in most cases, careful attention is needed for the small possibility of non-reciprocal channel to avoid problems in future services.  In our view, 
this problem could be solved by checking UL and DL channels as follows: 
1. Place X pairs of UL and DL pilot signals for channel measurements in time or frequency domain, where UL and DL pilot signals in a pair are placed in a small duration.  

2. eNB measures UL channels X times using the UL pilot signals.

3. UE measures DL channels X times using the DL pilot signals and reports the X measured DL channel parameters to eNB.
4. eNB determines availability of channel reciprocity based on the UL and DL channel parameters.
5. According to the availability, eNB selects appropriate control scheme (e. g. codebook-based, or non-codebook-based precoding for UL and DL MIMO)
Since the availability depends greatly on surrounding environments and it does not change quickly, it would be sufficient to check channel reciprocity when UE starts a new access or UE performs a
handover.  In the following, we discuss more details for this function.
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(a) Pilot signal assignment in time domain
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                                 (b) Pilot signal assignment in frequency domain
Figure 2: Pilot signal assignment for channel measurements.
A. Pilot signal assignment 

It is preferable to select different fading situations X times for a pair of UL and DL channel measurement.  There are two possible pilot signal assignments
· Assignment of pilot signals in time domain (Fig. 2(a))

eNB and UE measure time-variant channels and eNB checks availability of  reciprocity.

· Assignment of pilot signals in frequency domain (Fig. 2(b))

eNB and UE measure frequency-selective channels and eNB checks availability of

reciprocity.

In the two assignments, the frequency-domain-assignment is better in delay time aspect. But, at the same time, it is necessary to pay attention to other aspects described in “B. Method of checking 
channels”.

In any assignments, it is desirable to place a pair of UL and DL pilot symbols in a short duration in order to minimize channel variation. More precisely, it is important to locate UL and DL pilot symbols in the last OFDM symbol of uplink and in the first OFDM symbol of downlink, 
respectively.
B. Method of checking channels
There are several possibilities in checking channel reciprocity.

· Power-based checking
eNB compares power fluctuation of X UL channel parameters with that of X DL channel 

parameters.
· Phase-based checking
eNB compares relative phase rotation of X UL channel parameters with that of X DL 

channel parameters.
Note that analog devices may have phase rotation in frequency domain depending on analog path delay. Therefore, the combination of phase-based checking and frequency-domain-pilot-assignment
 would not be feasible.
Although we have discussed a method to check channel reciprocity using single antenna at eNB and UE, it would be efficient to use multiple antennas at eNB and UE. More sophisticated pilot 
assignment using multiple antennas is an issue for future study.  

C. Related Discussion to Antenna Calibration
If UL and DL pilot signals are assigned properly for multiple antennas, the UL and DL pilot signals could be useful not only for checking reciprocity but also for on-the-air-calibration which is more 
robust to non-linear amplifier than self-calibration [5]. In this case, channel reciprocity is firstly checked by using the UL and DL pilot signals. If reciprocity is available, antenna array calibration 
is performed by use of the same UL and DL pilot signals assuming channel reciprocity. 
Considering necessity of both checking reciprocity and on-the-air-calibration, it would be reasonable to assign a pair of UL and DL pilot symbols within a short duration in LTE-advanced 
TDD. 
4 Conclusion 
This contribution discussed characteristics of channel reciprocity for LTE-advanced TDD. Our current view is 
· Channel reciprocity is not always guaranteed even in TDD.

· A function of checking channel reciprocity is needed to avoid potential problems in services.
· Assigning a pair of UL and DL pilot symbols within a short duration would be preferable 

More study is necessary for sophisticated pilot signal design and required signaling.
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