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1 Introduction
Scalable UMTS based on enhanced filtering was introduced in [1]. This paper proposes text proposals to be included in the technical report on SUMTS [2]. 
[--------------------------------------------------------Text Starts ------------------------------------------------------------------------]
6.9.4  Impacts on Network and UE
In this section, an overview of implementation impacts expected from the introduction of EF S-UMTS is reviewed.
6.9.4.1  Impacts on Network Implementation
The EF-UMTS waveform can be obtained from UMTS waveform by zeroing out every other chip and using a dilated RRC pulse shaping filter. This waveform can be constructed by applying a mask to chip sequence prior to pulse shaping.
The block diagram in Figure x.1 show how the waveform of S-UMTS with enhanced filtering is constructed by using chip mask at the transmitter.  Notice that although the chip rate of EF S-UMTS is the same as the UMTS, the mask 1,0,1,0 (for N=2), or 1,0,0,0 (for N=4), is used to zero out every alternate chips prior to pulse shaping filter.  
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Figure x.1: S-UMTS with enhanced filtering (EF S-UMTS) waveform using mask
Instead of applying a zero-out mask directly at chip level, it is also possible to create the transmit waveform with alternate zeroed chips by sending a copy of each channelization code using a pair OVSF code that cancels out every alternate chip. This is illustrated in Figure x.2. The paired OVSF codes are chosen in such a way that when added, every alternate chip is cancelled. For example, by pairing two codes (1,1,1) and (1,-1,1,-), we have (1,1,1,1) + (1,-1,1,-1) = (2,0,2,0), which leads to the desired effect of zeroing out every alternate chip. This effect is illustrated in Figures x.2 and x.3.
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Figure x.2: EF-UMTS using code pairing
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Figure x.3: OVSF code pairing to emulate chip zero out
Pairing of OVSF codes can be visualized over the Hadamard code generator tree. This is illustrated in Figure x.4, where it is shown that for every code in the upper part of the code tree, one can find a corresponding code in the lower part such that when added, the two codes cancel each other at every alternate chip location.
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Figure x.4: OVSF code pairing

Finally, in both the above schemes, the chip sequence after the zero-out operation must then be filtered by a new RRC filter whose impulse response is a dilated version of the UMTS RRC impulse response, and thus has more coefficients, implying increased complexity. Since the input to this filter has the pattern of zeros created by the zero-out mask, a polyphase implementation is possible for this filtering, which limits the increase in complexity. Essentially the multiplication operations needed to compute the filtered output are skipped when the inputs to the multipliers are known to be zero. As another alternative, the existing UMTS RRC coefficients can be used, but the filter is operated at a decimated rate, i.e., it receives a new input every N*Tc seconds, where Tc is the UMTS chip rate and N is the S-UMTS bandwidth reduction factor. These options are illustrated in Figure x.5.
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Figure x.5: Alternative implementations of Tx RRC filtering for S-UMTS
6.9.4.2 UE Implementation
Similar to the transmitter, the receiver of EF-UMTS may also be based on the UMTS receiver. The key to process the half-bandwidth S-UMTS signal using the full bandwidth receiver of UMTS is channel equalization, since UMTS channel equalizer is designed to invert the full UMTS spectrum bandwidth. This is illustrated in Figure x.6, where it is shown that the full-bandwidth equalizer degrades the received signal by trying to invert the part of the bandwidth with no signal energy.
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Figure x.6: UMTS equalizer of bandwidth W cannot be directly applied to equalize the channel for EF S-UMT signal.

Applying a mask of 1,0,1,0, to received signal sampled at UMTS chip rate fc = W allows to use the UMTS full spectrum equalizer for EF S-UMTS. Consider EF S-UMTS received signal of bandwidth W/N, where W denotes the bandwidth of UMTS signal, and N = 2 or 4. Here W denotes the nominal bandwidth of UMTS system. Consider N = 2, and let the sequence  rn = r1, r2,... denote the received samples of S-UMTS waveform of bandwidth W/2. By applying a mask of 1,0,1,0, and effectively throwing out every other sample (with sample rate of 3.84 Mps, equal to UMTS chip rate), an image copy of the EF S-UMTS received waveform in the upper part of the spectrum can be created.  This is illustrated in Figure x.7. Notice that in frequency domain, the sequence 

(1,0,1,0)  =  (1,1,1,1) + (1,-1,1,-1)

= (ej2π0, ej2π0, ej2π0, ej2π0) + (ej2π0, ej2π1/2, ej2π2/2, ej2π3/2)
has a spectrum consisting of two deltas separated by half the UMTS bandwidth (W/2).  Multiplying the received signal by this mask in time domain is equivalent to convolution in frequency domain, and thus creating an image copy of the lower W/2 spectrum in the upper part of the spectrum. Thus, the UMTS equalizer of bandwidth W can be reused to equalize the new masked EF S-UMTS signal.
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Figure x.7: Received signal spectrum after applying a mask of 1,0,1,0, for sample rate = UMTS chip rate.

In the more general case that the UMTS receiver sampling rate is more than the standard UMTS chip rate, different receiver masks may be needed. For example, in the simplified case of sub-sampling of over-sampled signal, where the equalizer subsamples a chip×2 oversampled signal, a mask of 1,1,0,0,1,1,0,0 can be applied to the chip×2 samples before sub-sampling and feeding the samples to the equalizer, as shown in Figure x.8. The corresponding receiver structure is shown in Similar technique can be applied for rake receiver. For example, if the received signal is over sampled at chip × 4, a mask of 1111,0000,1111,0000 can be applied.
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Figure x.8: Applying a 11,00,11,00 mask for UMTS chip×2 equalizer receiver.

6.9.5  Impact on 3GPP Specification
6.9.5.1  TS 25.101

The impact on TS 25.101 is listed in the table Table y.1 below.
Table y.1: EF S-UMTS impacts to TS 25.201 specification

	Section number
	Section title
	Change

	6.8.1
	Transmit pulse shaping filter
	Dilated RRC filter is specified for EF S-UMTS


6.9.5.2

TS 25.201

The sections of TS 25.201 that are impacted by the S-UMTS time dilation solution are listed in Table y.2. The changes required are applicable to FDD bandwidth. 

Table y.2: EF S-UMTS impacts to TS 25.201 specification

	Section number
	Section title
	Change

	4.2.1
	Multiple Access
	Specifying new bandwidth options for FDD corresponding to N=2, and N=4.


6.9.5.3

TS 25.211

Since EF S-UMTS adheres to UMTS timing, no specification modifications are required for physical channel specifications and timing relations in TS 25.211.  

6.9.5.4
TS 25.212

No changes to FDD multiplexing and channel coding are required to specify EF S-UMTS. 

6.9.5.5 

TS 25.213

TS 25.213 specifies modulation and spreading. For EF S-UMTS, the UMTS chip rate, spreading, and scrambling are fundamentally the same as normal UMTS. EF S-UMTS is different from UMTS in number of allowed spreading codes, and modulation due to different pulse shaping and alternate chip zero out procedures. The sections of TS 25.213 that are impacted by the EF S-UMTS listed in Table y.3. 
Table y.3: EF S-UMTS impacts to TS 25.213 specification

	Section number
	Section title

	4.3.1.1
	Code generation and allocation.  Modifications are needed to disallow half the code tree in Figure 4.

	5.3.2
	Alternate chip zero out introduced in modulation block, Figure 11.


6.9.5.6  TS 25.214

TS 25.214 is not impacted by the EF S-UMTS. Physical layer procedures in EF S-UMTS are the same as those in normal UMTS.

6.9.5.7  TS 25.215

No impact.

6.9.5.8  TS 25.302

No impact.

[----------------------------------------------------------------Text Ends -----------------------------------------------------------------]
4
Conclusion

It is proposed that the above text be included in the technical report [2] for the study item on scalable bandwidth UMTS.
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