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1. Introduction
In [1], rotational CDM [2] is proposed for L1/L2 control channel structure in E-UTRA downlink. This paper discusses the phase adjustment for rotational CDM to improve the achievable performance of physical channel, to which CDM-based multiplexing is applicable.
2.  Phase Adjustment Methods for Rotational CDM
There are three methods to adjust the rotation phase for CDM, which are pre-determined method, open-loop control method and closed loop method.

2.1. Pre-determined method
The optimum phase of the rotational CDM mainly depends on the followings.

a) spreading factor
b) number of multiplexing codes

c) resource allocation (with or without frequency inter-leave)

d) channel model (especially for delay spread)

e) number of receiving antennas

f) detection method (de-spreading, MMSE or MLD)

Conditions a) and c) should be fixed, because of channel structure issues. Conditions e) and f) depend on receiver structure. Other conditions of b) and d) are time-variant factors.

By assuming typical parameters on the above, fixed rotation phase will be determined and can be shared both on Node B and UE in advance.

2.2. Open loop method
At Node B, the condition b) can be acknowledged, and also the delay spread in condition d) can be estimated by measuring each uplink from UE. Considering those or one of those measurements, Node B can adjust the rotational phase and informs it to UE via BCH. Note that the delay spread may be different, depending on the location of UE, therefore the worst one should be the criteria for adjusting the rotation phase for common channel on downlink. The open loop method is applicable to e.g., reference signals with CDM among different cells (i.e., sectors) within the same Node B.
2.3. Closed loop method

By making UE to report the downlink channel profile to Node B, more accurate phase adjustment is expected than that of the open loop method. Because this method needs feedback channel on uplink, the closed loop method may be appropriate for UE-specific physical channels such as L1/L2 control channel. It should be noted that the gain of the closed loop method is to be investigated considering additional control signaling overhead. 
3. Required control information for Rotational CDM

In order to recover the multiplexing codes for rotational CDM correctly, the transmitter needs to send additional control information to the receiver, although the additional control information is only one parameter, rotation phase. As mentioned above, the optimum phase should be sent according to the parameters a)-f) to bring out the best performance of rotational CDM. Because the performance of rotational CDM changes gradually according to the rotation phase, the number of the required control information bits to specify the optimum rotation phase is quite little. Moreover, it is not necessary to send the information every sub-frame, but only when the MCS changes or channel conditions change drastically.
4. Examples of phase adjustment for Rotational CDM
Some examples of phase adjustment for rotational CDM are shown in Figures 1 and 2. The simulation conditions are listed in Table 1. It is found that the rotating phase by rotational CDM causes no degradation compared to OFDM without phase rotation, and that the BLER performance can be improved by adjusting rotation phase optimally. It should be noted that the results shown in Figures 1 and 2 are just examples and further consideration is required to reveal the dependence of rotation phase on the various parameters.
Table 1 - Link-level simulation parameters

	System bandwidth
	10.0 MHz

	Sub-frame duration
	0.5 msec.

	Sub-carrier spacing
	15 kHz

	Sampling frequency
	15.36 MHz

	FFT size
	1024

	Number of occupied sub-carriers
	601

	Symbol duration (useful data / guard interval)
	66.67 sec. / 4.75 sec.

	# of symbols per sub-frame
	1 Pilot + 6 Data

	Rotation dimension
	2, 4

	Rotation angle for rotational OFDM
	0.0 ~ 1.0 /4

	# of control information bits
	56 bits + 8 tailing bits

	Data modulation
	QPSK

	Channel coding rate
	1/3

	Channel coding / decoding
	Tail-biting convolutional code (K=9) /

Viterbi decoding

	Detection
	MMSE

	Number of receiver antennas
	2

	Channel model [3]
	1. 6-pathTypical Urban, 2. Pedestrian A, 3. Pedestrian B, 4. Vehicular A

	UE speed
	1. 30 km, 2, 3 km, 3. 10 km, 4. 30 km

	Doppler frequency
	1. 56 Hz, 2. 5.6 Hz, 3. 19 Hz, 4. 56 Hz

	Channel estimator
	Perfect

	Interleave
	Localized


[image: image1.wmf][image: image2.wmf]
(a) # of code multiplexing  = 1                       (b) # of code multiplexing  = 2
Figure 1 – Phase Adjustment in the case of rotational dimension D = 2
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(a) # of code multiplexing  = 1                       (b) # of code multiplexing  = 4
Figure 2 – Phase Adjustment in the case of rotational dimension D = 4
5. Conclusion
This contribution clarifies the phase adjustment methods for rotational CDM. There are three methods to be considered, which are pre-determined method, open-loop control method and closed loop method. The additional required control information for rotational CDM is quite few, and computer simulation shows that the performance of rotational CDM can be improved by adjusting rotation phase optimally.
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