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Pseudo CR45.860 to Impacts on Base Station and Mobile Station for Single Block PCE2
1 Introduction
1.1 Background Information
The transmission and reception of a Single Block Precoded EGPRS2 (SBPCE2) radio block requires modifications of the Tx and Rx chains.
1.2 Reason for change

The intention of this pCR is to list the logical blocks in the Tx and Rx chains that are affected by the introduction of SBPCE2. In addition, computational complexity estimates are provided.
1.3 Summary of change

This pCR adds the impacts of SBPCE2 on BTS and MS.
2 pCR to 3GPP TR 45.860

	                                   FIRST SUBCLAUSE MODIFICATIONS


6.6.1   Impacts on base station

  6.6.1.1  Single Block Precoded EGPRS2, SBPCE2
The introduction of PCE2 affects the transmitter chain in the BTS. Table 6.6-1 lists the blocks that are new or need to be modified. The complexity estimates are based on the assumption that SBPCE2 is the technique used in the transmitter chain. Since some of the signal processing algorithms are dependent upon the sampling rate, which is implementation dependent, the complexity estimates are given as a function of the oversampling rate os (an integer). 
For the complexity estimation of SBPCE2B, Low complexity SBPCE2B is used. 
The addition of clipping is the main contributor to the increase in complexity, followed by the IFFT. 
Table 6.6-1 Modifications to the Transmitter Chain

	Block
	New functionality
	Relation to LTE
	Comments
	Computational Complexity SBPCE2A
	Computational Complexity SBPCE2B

	Channel encoder
	Similar or identical to EGPRS2. Roughly 20% higher bit rate for DAS-12b/DBS-12b. The encoder comprises interleaving, puncturing and turbo-coding.
	Same turbo-encoder
	Introduction of 64QAM increases bit rate by 20% for DAS-12b/DBS-12b
	20% more complex than EGPRS2A encoder for DAS-12b. Same complexity as EGPRS2A for other MCSs.
	20% more complex than EGPRS2B encoder for DBS-12b. Same complexity as EGPRS2A for other MCSs.

	Symbol mapping
	Mapping to 64QAM symbols
	Same 64QAM constellation
	
	20% more complex than 32QAM EGPRS2A symbol mapping
	20% more complex than 32QAM EGPRS2B symbol mapping

	IFFT
	Precoder. This is a new block
	Radix 2 and 3 are used
	It is assumed that a radix 2 butterfly requires 4 real additions, while a radix 3 butterfly requires 12 real additions and 4 real multiplications
	2304 real additions

384 real multiplications
	2916 real additions

864 real multiplications

	Ramping
	The ramp-up and ramp-down of the modulated signal are different from EGPRS2A
	-
	Low complexity, only a few symbols need to be multiplied by the ramp function
	2*8*os real multiplications
	2*10*os real multiplications

	Soft and Hard clipping
	PAPR reduction is a new function
	-
	The complexity estimate is explained in reference [6.6-1]. The clipping filter length is 5 (LinGMSK filter) Only the worst case (4 dB PAR) is shown
	(2*5*148+2*20*5)* os + 3*20 + 7 real additions

(2*5*148+2*20*5)* os + 4*20 + 4*7 real multiplications

148* os logical operations

54  divisions

27 square roots
	(2*5*162+2*20*5)* os + 3*20 + 7 real additions

(2*5*62+2*20*5)* os + 4*20 + 4*7 real multiplications

162* os logical operations

54  divisions

27 square roots

	PAPR reduction by rotation of training sequence
	PAPR reduction is a new function
	-
	3 possible rotation angles are used for 64QAM modulation in SBPCE2. One extra IFFT’s (one for all rotation angles) are needed, plus calculation of PAPR for each angle. 


	-
	
TBD

	Mixed mode modulation
	The possibility of using symbols from different constellations in one burst is new
	-
	The complexity increase is negligible
	-
	-


6.6.2 Impacts on mobile station

6.6.2.1  Single Block Precoded EGPRS2, SBPCE2
The introduction of PCE2 affects the receiver chain in the MS. Table 6.6-2 lists the blocks that are new or need to be modified. The complexity estimates are based on the assumption that SBPCE2 is the technique used in the receiver chain. Since some of the signal processing algorithms are dependent upon the length of the synchronization window, which is implementation dependent, the complexity estimates are given as a function of the synchronization function length win_len (an integer).
For the complexity estimation of SBPCE2B, Low complexity SBPCE2B is used.
Blind detection is the main contributor to the increase in complexity. The demodulation, however is significantly less costly than for EGPRS2. 
Table 6.6-2 Modifications to the Receiver Chain 

	Block
	New functionality
	Relation to LTE
	Comments
	Computational Complexity SBPCE2A
	Computational Complexity SBPCE2B

	Channel decoder
	Similar or identical to EGPRS2. Roughly 20% higher bit rate for DAS-12b/DBS-12b. The decoder comprises deinterleaving, depuncturing and turbo-decoding.
	Same turbo decoder
	Introduction of 64QAM increases bit rate by 20% for DAS-12b/DBS-12b
	20% more complex than EGPRS2A decoder for DAS-12b
	20% more complex than EGPRS2B decoder for DAS-12b.

	FFT
	Needed for blind detection, synchronization, channel estimation
	Radix 2 and 3 are used. It might be possible to re-use implementation or accelerators from LTE
	It is assumed that a radix 2 butterfly requires 4 real additions, while a radix 3 butterfly requires 12 real additions and 4 real multiplications
	2304 real additions

384 real multiplications
	2916 real additions

864 real multiplications

	Blind detection for MS supporting EGPRS, PCE2A
	It is necessary to detect whether the signal is precoded.
	-
	The test of each modulation hypothesis (4 in total) is the same as for EGPRS2, plus one FFT for each position in  synchronization window. 
	Same as blind detection for EGPRS2A plus  win_len FFT’s  
	-

	Blind detection for MS supporting EGPRS,  PCE2A, PCE2B and PAPR reduction for 64QAM modulation with training sequence rotation
	It is necessary to detect whether the signal is precoded
	-
	The test of each modulation hypothesis is the same as for EGPRS2, plus one FFT for each position in  synchronization window.
	Same as  blind detection for EGPRS2A plus win_len FFT’s
	Same as  blind detection for EGPRS2B plus 2 x win_len FFT’s

	Blind detection for MS supporting EGPRS, EGPRS2A, PCE2A, EGPRS2B, PCE2B and PAPR reduction for 64QAM modulation with training sequence rotation
	It is necessary to detect whether the signal is precoded
	-
	The test of each modulation hypothesis is the same as for EGPRS2, plus one FFT for each position in  synchronization window
	Twice the complexity of blind detection for EGPRS2A plus  win_len FFT’s
	Twice the complexity of blind detection EGPRS2B plus  2 x win_len FFT’s

	Synchronization and channel estimation
	Training sequence is modulated in the frequency domain.
	-
	The FFT calculation can be re-used from the blind detection block.
	Same as corresponding functionality for EGPRS2A.
	Same as corresponding functionality for EGPRS2B.

	Demodulation
	One tap equalizer
	It may be possible to re-use a 16QAM and 64 QAM demodulators from LTE
	Efficient methods to compute the soft values exist. For 64QAM a log-max-MAP equalizer requires 40 real additions, 26 real absolute value calculations, 4 arithmetic shifts and 6 real multiplications.
	4720 real additions

708  real multiplications

472 arithmetic shifts

3068 real absolute values
	5440 real additions

816 real multiplications

544 arithmetic shifts

3536 real absolute values


6.6.3 References

[6.6-1]
  GP-111180 “PAR Reduction complexity o SBPCE2”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN#51.
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