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[bookmark: _Ref298777854]Introduction
For NR it is currently discussed to enable a steep roll-off of the OFDM waveform to enable mixing of different numerologies on the same carrier and reduced guard bands at carrier edge.  One of the proposed solutions is Filtered OFDM where the OFDM waveform is filtered to realize a steep spectrum roll-off. In this contribution we analyse the impact of filter delay on fast feedback cell range in a TDD system and provide examples for various guard band settings. 
Discussion
Frame structure candidate for NR
A commonly assumed frame structure candidate for NR is depicted in Figure 1. In this frame structure, a downlink transmission if followed by a short uplink transmission to feedback ACK/NACK. Depending on the decoding latency of the UE, the ACK/NACK may relate to the downlink transmission in the same subframe interval or to an earlier DL transmission. 
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[bookmark: _Ref455069995]Figure 1	Frame structure candidate for NR
ACK/NACK feedback in same subframe interval
Figure 2 depicts frame structure and timing relations at eNB and UE. Timing relations are typically defined at the antenna reference point (ARP). In addition, we also show internal timings with subscript “int” which are internal timings delayed/advanced by transmit/receive filter delay at eNB/UE. 
At the antenna reference point the DL transmission starts at time . 
After  seconds the signal arrives at the UE ARP. Another  seconds later the UE has filtered the received signal, with  the filter delay of the UE RX filter. Now the UE can perform OFDM FFT of the last OFDM symbol, decode the received transmission, and prepare the uplink feedback transmission based on decoding output. The required time for FFT, decoding, and preparation of the uplink transmission is denoted . Filtering of the uplink transmission requires additional  seconds with  the delay introduced by the UE TX filter.
The uplink feedback transmission is received seconds later at the eNB ARP. A guard period  catering for power amplifier offon and synchronization errors between base stations is required at the eNB before the eNB is again in TX mode. 
In a pipelined UE implementation a typical assumption is that decoding of a downlink transmission is finalized around one OFDM symbol after the downlink has been received. If one assumes a decoding time in the order of one OFDM symbol duration a gap of three OFDM symbols is needed to accommodate decoding time (one OFDM symbol duration), uplink transmission (one OFDM symbol duration), and propagation (>0).
From Figure 2 we can derive the timing relation 
,
which yields the maximum cell range for fast feedback
.
In above equation same transmit and receive filter has been assumed for the UE, i.e. . 
A potential retransmission does not happen in the next subframe but later, therefore the eNB filtering delays  and  do not matter; the eNB can start to prepare the next transmission without having decoded the current subframe. If re-transmission should be performed in the next subframe even the eNB filtering times  and  would have to be accounted for.
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[bookmark: _Ref455070765]Figure 2	Timing relations at eNB and UE if feedback “UL (A/N)” refers to downlink data of same subframe interval.
In the following we provide max cell range for fast feedback ( for a system deploying 30 kHz numerology. The OFDM symbol duration (incl. cyclic prefix) is . For the decoding time  we assume one OFDM symbol durations, i.e. . For the required guard periods at UE and eNB we assume  and , respectively. These guard periods include power amplifier switching times and max synchronization error between base stations. In contribution [1] required filter lengths (and thus filter delaysfor various guard band settings are calculated to achieve certain filter attenuations. In this paper filter designs for 10 MHz system bandwidth are used. Since no NR ACLR and emission requirements exist yet Table 1 to Table 3 provide fast feedback cell range vs. guard band for filter attenuations of 30 dB, 40 dB, and 60 dB, respectively.  


[bookmark: _Ref458672251]Table 1	Max fast feedback cell range for various guard band settings, 30 dB attenuation
	Guard band [%]
	 []
	[]
	Max fast feedback range [km]

	2
	8.0
	7.9
	1.2

	4
	4.0
	11.9
	1.8

	6
	2.5
	13.4
	2.0

	10
	2.0
	13.9
	2.1

	
	0.0
	15.9
	2.4


 
Table 2	Max fast feedback cell range for various guard band settings, 40 dB attenuation
	Guard band [%]
	 []
	[]
	Max fast feedback range [km]

	2
	9.5
	6.4
	1.0

	4
	5.0
	10.9
	1.6

	6
	3.0
	12.9
	1.9

	10
	2.0
	13.9
	2.1

	
	0.0
	15.9
	2.4



[bookmark: _Ref458672258]Table 3	Max fast feedback cell range for various guard band settings, 60 dB attenuation
	Guard band [%]
	 []
	[]
	Max fast feedback range [km]

	2
	12.5
	3.4
	0.5

	4
	6
	9.9
	1.5

	6
	4
	11.9
	1.8

	10
	2.5
	13.4
	2.0

	
	0
	15.9
	2.4



The last rows show the max fast feedback range for a guard band where the required filtering is negligible. It can be seen that steep filters required for narrow guard bands reduce this range substantially. To compensate for the loss a gap of four instead of three OFDM symbols can be inserted into the downlink symbol stream. For example, if we assume that an UL opportunity is provided every second subframe (a subframe is assumed 7 symbols), 10 downlink symbols would be followed by 4 uplink symbol durations instead of 11 downlink symbols followed by 3 uplink symbol durations. The overhead increases from  to , i.e. an overhead increase of 13 %. The decreased guard bands do not cover for the increased overhead resulting in a net loss.


Conclusion
In this contribution we analyzed the impact of steep filters (large filter delay) in a Filtered OFDM TDD system on the cell range within which fast feedback is feasible. It is shown that filtering required to achieve very narrow guard bands reduces this range substantially or requires substantially more guard time overhead.
Observation: Steep filters in a Filtered OFDM TDD system substantially decrease cell range where fast feedback is feasible or substantially increase guard time overhead. Alternatively, a faster UE processing is needed to compensate for the increased filter delay.
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