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[bookmark: _Ref178064866]1	Introduction
[bookmark: _Toc1162283][bookmark: _Toc1162386]In RAN1 #97, the below agreement was reached:
Agreements:
· The following parameters are defined per msgA PUSCH configuration:
· Common parameters for both option 1 (separate configuration) and option 2 (relative location), at least include:
· MCS and/or TBS (to be further decided)
· Number of FDMed POs 
· POs (including guard band or guard period, if exist) under the same msgA PUSCH configurations are consecutive in frequency domain
· Number of PRBs per PO
· Number of DMRS symbols/ports/sequences (if support) per PO
· FFS whether or not support repetitions for msgA PUSCH
· FFS bandwidth of PRB-level guard band or duration of guard time
· FFS PUSCH mapping type
…

[bookmark: _GoBack]In this contribution we discuss the further study point highlighted above on the need for guard bands and guard periods between msgA PUSCH occasions. Simple evaluations of inter-UE interference per subcarrier are used to roughly assess the potential gains of guard PRBs in the presence of either or both of timing and frequency offset. The need, and suitable specification effort, for guard periods are also briefly considered.   
[bookmark: _Hlk525646118]2	On the need for guard bands
2.1	Inter-subcarrier frequency interference
Ideally, there is no interference between different subcarriers in an OFDM system, and thus no interference between frequency-adjacent PUSCH occasions. However, in case any of the adjacent PUSCH transmissions has a small frequency offset, typically a small fraction of a subcarrier in a practical scenario, interference may arise between the two adjacent PUSCH transmissions. Furthermore, if the frequency-adjacent PUSCH transmissions have a propagation delay difference that exceeds the cyclic prefix (CP) duration, interference may also arise.

The fact that there can be interference may suggest a need for guard bands between PUSCH occasions. To thoroughly evaluate the need for guard bands, one would have to perform multi-link simulations with detailed link modeling and with realistic receiver and transmitter impairments assumptions. However, a first rough assessment of the order of impact can be obtained by calculating the amount of interference between PUSCH occasions for different frequency and/or time offsets. The results of such a rough assessment can then help guide further evaluations and prioritizations.

2.1	Evaluation assumptions
Interference between frequency-adjacent PUSCH occasions is evaluated in the scenario depicted in Figure 1, which also defines the frequency offset  and the time offset . Further assumptions are as follows:
· Interferer transmits OFDM QPSK data
· The number of PRBs per PUSCH occasion, , is either 1 or 4 (indicated in figures). 
· Desired signal and interferer always have same value of .
· The interferer and desired signal powers at the receiver are the same
· No fading modeled, but interferer is given a random phase shift relative to desired signal

[bookmark: _Ref6434330]Note that the interference arising from a time offset larger than CP is due to the potentially sharp discontinuity between one OFDM symbol and the CP of the next OFDM symbol, see indication in Figure 1. The present simple assessment does not assume any power ramping or other smoothing or windowing to mitigate this discontinuity, neither at the transmitter nor at the receiver. Such mitigation could reduce the interference, but it is implementation dependent and therefore not fully known. The present assessment can hence be seen as an upper bound (i.e. worst-case) in this sense.

[image: ]
[bookmark: _Ref15634452]Figure 1 Illustration of evaluated scenario of interference between frequency-adjacent PUSCH occasions.
2.2	Interference from frequency offsets
The impact of a frequency offset only (i.e. ) for the case of  is illustrated in Figure 2. The interference depends on which bit values happen to be transmitted by the interferer, and the figure therefore shows interference-to-signal ratio statistics over many bit realizations in terms of the median as well as the 5th and 95th percentiles. The lines with markers show the interference on each of the 48 desired-signal subcarriers. The solid lines without markers also show the interference power averaged (in linear power domain) over all the 48 desired-signal subcarriers. Note that the average power does not directly reflect expected detection performance and is provided only for reference.
The left panel shows the case of  subcarriers, which for 15 kHz subcarrier spacing (SCS) at 5 GHz corresponds to the agreed assumption of maximum 0.15 ppm frequency offset for msgA [1]. As can be seen, the interference even on the subcarrier closest to the interferer is -20 dB for the 5th worst percentile. The average interference is even much lower. Since msgA is supposed to be reliably detectable down to at least about SNR 0 dB, the detection margin is consequently at least 20 dB (as long as the interference power reaching the receiver is not larger than the desired signal power). For 30 kHz SCS, the 0.15 ppm frequency offset would correspond to only 0.025 subcarriers, and consequently have even smaller impact. Hence, this simplified evaluation suggests no need for guard bands between PUSCH occasions. 
For reference we show also the interference in case of the (unrealistically large) frequency offset of 0.1 subcarriers (right panel of Figure 2). The 5th worst percentile interference is still as low as  dB.
Note again that the evaluations assume same power for interferer and desired signal at the receiver, and a more careful evaluation would be needed to consider near-far effects that could potentially make the interferer stronger than the desired signal. System level simulations would naturally include such near-far effects. Alternatively, multi-link simulations with near-far power differences reflecting system level behavior could be used. Note that models of near-far power differences are available in [2].

[bookmark: _Toc528677265][bookmark: _Toc7807977][bookmark: _Toc16879476]The agreed maximum frequency offsets do not cause significant interference between frequency-adjacent PUSCH occasions with similar power at the receiver, even without guard bands.

[image: ][image: ]
[bookmark: _Ref16601672]Figure 2 Interference between frequency-adjacent PUSCH occasions () arising from a frequency offset of 0.05 subcarriers (left panel) and 0.1 subcarriers (right panel).

2.2	Interference from time offsets
The impact of a time offset only (i.e. ) for the case of  is illustrated in Figure 3. See Section 2.1 for interpretation of the curves. The time offset is 1/8 OFDM symbol in the left panel of Figure 3, which for 15 kHz subcarrier spacing corresponds to 8.3 µs or 8.310-6  3108 / 2 m = 1.25 km UE-to-base-station distance, and for 30 kHz subcarrier spacing corresponds to 4.2 µs or 625 m. As can be seen, even the 5th worst percentile is as low as -8 dB. In the right panel of Figure 3, it can be seen that results for the case of  (both interferer and desired signal) are quite similar. In Figure 4, results are shown for  with a delay of 1/4 OFDM symbol (left panel) and 1/2 OFDM symbol (right panel). Even for the extreme case of 1/2 OFDM symbol delay, the interference is below 0 dB for all subcarriers.

[bookmark: _Toc16879477]Realistic time offsets do not cause significant interference between frequency-adjacent PUSCH occasions with similar power at the receiver, even without guard bands.

In Figure 5, results with simultaneous frequency and time offset (0.05 and  OFDM symbol) are shown. Again, interference is well below 0 dB even for all subcarriers.


[bookmark: _Toc16609166][bookmark: _Toc16609260][bookmark: _Toc16609312][bookmark: _Toc16879480]Guard bands between PUSCH occasions should not be introduced without further investigations such as multi-link, or better still, system simulations. 
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[bookmark: _Ref16606555]Figure 3 Interference between frequency-adjacent PUSCH occasions arising from a time offset of 1/8 OFDM symbol for  (left panel) and  (right panel).


[image: ][image: ]
[bookmark: _Ref16606829]Figure 4 Interference between frequency-adjacent PUSCH occasions () arising from a time offset of 1/4 OFDM symbol (left panel) and 1/2 OFDM symbol (right panel).


[image: ]
[bookmark: _Ref16607327]Figure 5 Interference between frequency-adjacent PUSCH occasions () arising from simultaneous frequency offset of 0.05 subcarriers and time offsets of 1/8 OFDM symbol.
3	On the need for guard times
It is not clear whether guard times between time-adjacent PUSCH occasions are needed. For moderate propagation delays, the CP provides protection, and even if the PUSCH occasions would interfere with each other, the robustness of the msgA PUSCH (targeting SNR levels of 0 dB or lower) should normally ensure successful detection. If guard time is anyway considered needed, it should be possible to configure without special support in the specification through gNB implementation if msgA configurations indicate msgA PUSCH occasions on a symbol level.

[bookmark: _Toc16609167][bookmark: _Toc16609261][bookmark: _Toc16609313][bookmark: _Toc16879478]If found needed, guard times may be supported via gNB implementation if Rel-15 PUSCH time domain resource allocation mechanisms are reused for msgA PUSCH configuration. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	The agreed maximum frequency offsets do not cause significant interference between frequency-adjacent PUSCH occasions with similar power at the receiver, even without guard bands.
Observation 2	Realistic time offsets do not cause significant interference between frequency-adjacent PUSCH occasions with similar power at the receiver, even without guard bands.
Observation 3	If found needed, guard times may be supported via gNB implementation if Rel-15 PUSCH time domain resource allocation mechanisms are reused for msgA PUSCH configuration. 

Based on the discussion in the previous sections we propose the following:
Proposal 1	Guard bands between PUSCH occasions should not be introduced without further investigations such as multi-link, or better still, system simulations.
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