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1
Introduction
This contribution discusses different performance impacts of spectrum shaping for uplink Pi/2 BPSK with DFT-S-OFDM and especially UL coverage aspects. The document also provides analyses for different spectrum shaping functions and discusses what kind of further performance analyses are needed. Based on the discussion the document also makes a proposal for a way forward.  
2
Discussion
2.1 
Overall UL coverage and performance impacts  
RAN1 has been studying spectrum shaping for Pi/2 BPSK for enhancing UL coverage by increasing the UE Tx power beyond 23 dBm (if allowed by the regulation and the network) It is worth noting that LTE UE with QPSK and without spectral shaping can already meet already 23 dBm UE Tx power, so evidently for existing cellular bands and when capped with 23 dBm emission limit, Pi/2 BPSK modulation with or without spectrum shaping is not helpful.   
The question that has been discussed in RAN1 is whether the shaping function needs to standardized in the RAN1 specifications or not. We see that the spectral shaping can supported without RAN1 specification impact. It has also been shown that gain of standardized shaping function is marginal [1], [2]. In the next section of this document we discuss how UE Tx power could be increased with different spectrum shaping methods and investigate their implications to the UL link performance.  
The shaping function is tradeoff between channel estimation error, demodulation performance and power gain [2].  According to our understanding the main motivation for standardized shaping function is to allow for more aggressive shaping in frequency (such as 1+D) without channel estimation impairments because DMRS does not need to be shaped [3]. However, this approach suffers from out of band emissions because shaping gain is not available for DMRS as shown in [2]. To meet the out of band emissions, when no spectrum shaping is used for DMRS, UE Tx power back-off is needed for the DMRS. This will lead to worse channel estimation and thus degraded demodulation performance. As it can also be seen in [4], such kind aggressive shaping results with remarkable demodulation performance loss in a frequency selective channel. Furthermore, an area, which has not been investigated carefully in RAN1 is the impact of different practical PA characteristics. While certain realistic UE PA models are used in RAN1 and RAN4 studies, it is important to understand that the actual UE PAs are not subject to standardization and different PA types would very likely be used for high power UEs than those used by today’s LTE devices, and the UEs operating at e.g. 28 or 39 GHz bands would obviously use very different PA designs. It is likely that the optimum shaping function depends on the specific PA implementation that may differ from vendor to vendor for the same use case and will definitely differ between low bands and mmW bands. Therefore it may be next to impossible to standardized optimum spectrum shaping function without standardized PAs, directly or indirectly. Instead it would seem desirable to allow UE and PA vendors to do their own implementation and design choices with desired performance optimizations to ensure robust and well performing system by good and robust RAN4 minimum requirements.
Proposal: RAN1 does not specify the spectrum shaping filter
We observe that receiver does not need any knowledge of the shaping function when a sufficiently tight spectrum flatness requirement in place for the transmitted signal. RAN4 should take into account that the shaping function is a tradeoff between channel estimation error, demodulation performance and power gain. The requirement for spectrum flatness should be set so that it allows FDSS with good demodulation performance in frequency selective channel. 
Proposal: RAN1 will inform its findings to RAN4 and ask RAN4 to take these spectral shaping aspects into account in its requirement setting, like spectrum flatness, in-band emission and EVM requirements.
2.2 
Impacts of different spectrum shaping functions 
In this section, we analyse three different spectrum shaping functions; D-1+1+D, RC filter with rolloff 1, and truncated RC filter and how they impact UL link performance and UE Tx power when there is no UE Tx power limitation to 23 dBm.
Simulation Assumptions: 

· 4 GHz carrier frequency 
· TDL-C 1000ns channel model

· 20 MHz carrier with 4 PRB allocation
· SCS 15 kHz

· 1x2, rank 1, pi/2-BPSK (WOLA, Nws=44 in Tx), R=1/3

· Spectrum Shaping (SS) options: no spectrum shaping, D-1+1+D, RC filter with rolloff 1 and truncated RC filter. Simulations are done for spectrum shaping for data only and both data and DMRS. Blind detection is used in Rx.
Figure 1 illustrates with an example of no spectrum shaping and RC with rolloff 1 spectrum shaping how UE TX power in principle could be increased beyond the typical UE maximum power of 23 dBm while still meeting the LTE out of band emission requirements.
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Figure 1: Out of band performance without spectrum shaping and with RC rolloff 1 spectrum shaping
In Table 1 we summarize simulation results for UE Tx power, Out of Band, ACLR and EVM performances for the cases without spectrum shaping and the three simulated spectrum shaping functions. Spectrum shaping functions allow increase of UE Tx power and except for truncated RC filter they have negative implications on UE Tx EVM. We can see that D-1+1+D and RC spectrum shaping functions have nearly the same EVM degradation compared to the case of no spectrum shaping. Truncated RC on the other hand has slightly smaller EVM. All considered spectrum shaping functions allow the same UE Tx power and provide 1.8 dB gain compared to no spectrum shaping.
In Figure 2 we present UL link simulation results for the same cases of no SS, D-1+1+D SS, RC with r=1 SS, and truncated RC SS. These UL link simulation results show that different shaping functions have different UL performance. The results also show that similar UL link performance as in the reference case without spectrum shaping can be achieved with blind detection in the Rx. 

As it has shown here and already discussed in number of RAN1 contributions, spectrum shaping has impacts on number of different UE Tx and BS Rx performance aspects and corresponding RAN4 requirements. Therefore, it is important that RAN4 will analyse and decide what is the best way of allowing increase of UE Tx power beyond 23 dBm and allowing spectrum shaping for UL Pi/2 BPSK with DFT-S-OFDM in its minimum requirements. 
Table 1: UE Tx power, OOB, ACLR and EVM performance comparison for the cases without spectrum shaping and two simulated spectrum shaping functions
	Parameter
	No SS
	D-1+1+D SS
	RC, r=1 SS
	Truncated RC SS

	PA out 
	26.9 dBm
	28.7 dBm
	28.7 dBm
	28.7 dBm

	LTE 30 kHz Out of Band emission margin
	0.3 dB
	6.1 dB
	4.1 dB
	0.2 dBm

	LTE 1 MHz Out of Band emission margin 
	28.1 dB
	25.6 dB
	24.1 dB
	28.6 dBm

	EUTRA ACLR
	48.3 dB
	55.7 dB
	53.9 dB
	56.1 dBm

	Tx EVM
	3.3%
	11.7%
	11.8%
	2.3%
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Figure 2: UL link performance comparison
3
Conclusions

The spectral shaping can be supported without RAN1 specification impact by:

· DMRS symbols go through the same spectrum shaping filter as the data, the shaping becomes part of the channel and there is no need for the receiver to know of the actual shaping function employed

· Setting sufficient spectrum flatness, in-band emissions and EVM for pi/2 BPSK for best power efficiency gain with flexible implementation choice for shaping function matching the selected the PA implementation suitable for the use case.

Based on the findings of this contribution we would propose that RAN1 will inform its findings to RAN4 and ask RAN4 to take these spectral shaping aspects into account in its requirement setting like spectral flatness, in-band emission and EVM requirements.
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