
3GPP TSG RAN WG1 Meeting #50

R1-073315
Athens, Greece, August 20 – 24, 2007
Source:
Toshiba

Title:
Uplink Reference Signal Sequence Design
Agenda Item:
7.2.2
Document for:
Discussion/Decision
1. Introduction
In the RAN1 #49bis Orlando meeting, sequence and cyclic shift hopping were discussed[1], and the discussion which included not only hopping but RS generation scheme were continued in the mail discussion after meeting. In this contribution, the specification which makes PUCCH DM RS generation simpler is described from mainly implementation aspects.
2. Sequence and cyclic shift hopping in a slot
Each slot of ACK/NACK and CQI has 3 RS or 2 RS, respectively. If the root sequence is hopped among each symbol, we have to execute IFFT process in every RS symbol. On the other hand, if the hopping is limited in the cyclic shift in the time domain, the IFFT process is required only to generate the first RS which can be reused in the following symbols after cyclic shifting. Thus, the specification should allow only the cyclic shift hopping in the time domain.
3. Sequence, cyclic shift, and orthogonal cover hopping in a frame
If the cyclic shift in the time domain and orthogonal cover in the code domain are applied, the randomization of the interference is considered enough and the root sequence hopping seems to be redundant. However, the sequence hopping described below is useful to reduce computational complexity.
PUCCH is transmitted in 
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 in the 1st and 2nd slot as shown in Fig.1, respectively. As known, the conjugation process converts the frequency to opposite sign with same absolute frequency. In the case of PUCCH the conjugation process converts RS in the 
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 in the 1st slot to the other RS in the 
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 which can be use for RS in the 2nd slot. This process does not require IFFT process and is quite simple process since conjugation is only the sign conversion of the imaginary part of the signal. To allow such operation, the CAZAC in the 2nd slot should be specified in time domain as the conjugated sequence of the CAZAC in the 1st slot. In the mail discussion in the PUCCH, the CAZAC of the RS is discussed to be used for CAZAC multiplied by ACK/NACK. In such case, the ACK/NACK signal in the 2nd slot can be generated in the same manner which can be reduced the computational complexity, that is IFFT process[2].
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Fig. 1. PUCCH allocation
4. Conclusions
In this contribution we propose for PUCCH RS that the hopping should be limited in the cyclic shifting in the time domain and orthogonal covering in code domain, and the CAZAC in the 2nd slot should be conjugated sequence of the CAZAC of the 1st slot. By these methods, the 6 RS in ACK/NACK and 4 RS in CQI can be generated only with 1 IFFT. These approaches are very important for the requirement to reduce computational complexity and power consumption.
Appendix

Under current TS36.211 v1.2.1[3] , the cyclic shift hopping can be applied by operating parameter 
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, which is the angular velocity of the phase rotation in the frequency domain and means cyclic shift in the time domain. Orthogonal cover hopping can also be realized by varying covering sequence 
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 in slot by slot. The conjugate pair of the CAZAC sequence can be realized as follow description in the specification. 
The conjugation in time domain is expressed in frequency domain as the conjugation and reverse ordering of the spectrum. Thus, the sequence 
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 before IFFT mapping should be described as follow text proposal

-------------------- Start of Text Proposal --------------------------------------------------------
5.5.2.2
Demodulation reference signal for PUCCH

5.5.2.2.1
Reference signal sequence
The demodulation reference signal sequence 
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 for PUCCH is defined by
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where 
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The sequence 
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is given by Section 6.5.1 with. 
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. The number of reference symbols per slot 
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 and the sequence 
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 are given by Table 5.5.2.2.1-1 and 5.5.2.2.1-2, respectively.

-------------------- End of Text Proposal --------------------------------------------------------
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