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1. Introduction
This paper is a resubmission with minor modifications in Section 3 and discusses channel filtering of LTE uplink signals. The main part of uplink transmissions is synchronized: the transmission timings of uplink signals are controlled by the eNB in such a manner that timing offsets between the UEs are within a fraction of the cyclic prefix. This minimizes the interference between the UEs that are transmitting simultaneously but on different frequency allocations in the DFT-S-OFDMA system. Narrow or non-existent guard bands and channel filtering with small or zero roll-off can be used. Non-synchronized transmission must be allowed at least on the non-sychronized RACH. RACH is supposed to fill only a part of the system bandwidth which means that synchronized transmission, adjacent to RACH in frequency, suffers from the non-synchronized transmission. Then it is beneficial for the system if the guard band and filter roll-off are specified separately for the synchronized and non-synchronized transmission. The purpose of this document is to demonstrate the benefit of such a system. A different roll-off optimization criterion for synchronized transmission only was presented in Ref. [1].  
2. Simulations
The performance degradation due to the non-synchronized transmission was studied with simulations using the frequency allocation as shown in Figure 1. One non-synchronized UE was added among the synchronously transmitting UEs. The performance of the UE transmitting adjacently to the non-synchronized transmission was recorded when different roll-offs were applied in the non-synchronized UE. An example of the results, shown in Figure 2, demonstrates how the interference can be lowered by increasing the roll-off of the non-synchronized transmission. 
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Figure 1.  The set-up of the simulations: a non-synchronized UE among synchronously transmitting UEs.
The simulations were made assuming:

· System BW 5 MHz.

· Effective BW of the synchronized UEs was 1.125 MHz, roll-off = 0.

· RRC filtering was applied to the non-synchronized transmission as explained in [1]. The effective BW of the non-synchronized UE was (1-)1.125 MHz.
· The length of the cyclic prefix was 4s.  

· Total transmission power of the asynchronous UE was 6 dB larger than the power of the synchronously transmitting UEs. The power was adjusted this way independent of the roll-off meaning that the peak power density was increasing with the roll-off.

· The time windowing was made by smoothing the beginning and the end of the blocks with raised cosine shape within the width of 0.78s.

· 16QAM modulation with 2/3 coding. 
· Two antenna reception, LMMSE receiver with frequency domain equalization, ideal channel estimation. 

· TU 6-tap channel model
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Figure 2.  Performance loss due to non-synchronized transmission on the adjacent band. The lowest curve is the reference, obtained when transmissions on the adjacent bands are synchronous. The other curves correspond to the delay offset   = 9 s and different roll-offs of the interferer. 
3. Cubic metric of Zadoff-Chu sequences

The preambles of non-synchronized RACH are Zadoff-Chu (ZC) sequences. The cubic metric of a preamble depends on the index of the ZC sequence and can vary more than 2 dB from one sequence to another.  Roughly half of the sequences has a cubic metric exceeding that of QPSK modulation. On the average, the cubic metric of the ZC preambles is improved with increasing roll-off in a similar manner as with QPSK modulation. Increasing roll-off would then improve the coverage of the preambles. We emphasize that the behavior of a single ZC sequence does not reveal the whole picture: for a few sequences the cubic metric can be slightly increasing with the roll-off. An example is shown in [2].    
4. Conclusion
We are proposing that filtering roll-off is specified separately for the synchronized and non-synchronized transmission. This would allow controlling of the interference that the non-synchronized UEs cause on the adjacent channels. 
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