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Introduction
In RAN1 #86 [1] (based on R1-168392), it was agreed that,
· RAN1 should continue study whether/how to support guard-band for inter-subband interfering scenarios (e.g., cases 2/3/4) with considerations of the specification/performance impact
According to RAN1 link performance evaluation results, we proposed in [2] that NR should not define any fixed guard band between subbands with different numerologies but leave it as network scheduling decision.
However, there is still a question what granularity of guard band should be supported, to be specific, PRB based, or subcarrier based. In this contribution, we provide some analysis and evaluation results on the granularity of guard band. 
[bookmark: _Ref129681832]Discussion
As agreed in RAN1 (based on R1-167963) [1], it is expected that spectral confinement on a subband basis is specified as RAN4 requirements on the in-band emission and EVM requirements at transmitter side, and the reception performance at receiver side in presence of other-subband interferer. These requirements should be specified as a function of the distance to the subband of interest and EVM requirements, with the assumption that no fixed guard band is reserved in advance between subbands.
In RAN1, it is also agreed that for the subcarrier spacing of 2n *15 kHz, subcarriers are mapped on the subset/superset of those for subcarrier spacing of 15 kHz in a nested manner in the frequency domain. Figure 1 shows the zero guard band illustration in which there is no fixed guard band reservation between subbands.



Figure 1. Zero guard band illustration

The guard band should be subband dependent, meaning that each subband has its guard band at both subband edges, which specifies the frequency roll-off from the passband edge to the required OOB leakage level.
Theoretically, subcarrier based guard band can achieve better spectrum efficiency. However, it will bring obvious defects from specification perspective,
· The tone numbering for subband edge PRB is not aligned with other PRBs in this subband
· The design of reference signal and control channel over the subband-edge PRB is different from that over other PRB, i.e. a PRB-dependent design is needed. 
· Special rate matching is required for the subband band edge PRB.
· Extra OTA signaling is needed to indicate the number of UE guard tone.
In contrast, PRB granularity guard band makes specification more clean and compact. The guard band can be implicitly indicated by the existing signaling of the PRB based scheduling, without any extra signaling.
Based on the above analysis, the following observation can be made
Observation 1: Fractional PRB guard tone will complicate the specification design and cause additional standardization effort.
From spectrum efficiency perspective, the spectrum cost by the PRB-level guard band can be avoided by scheduling medium/low MCS transmission at subband edge PRB(s), where zero guard band is needed according to RAN1 link level evaluation.

Evaluation results
As stated previously, some guard band, whatever fractional or integer PRB may support higher MCS than zero guard in terms of BLER performance, at the cost of guard overhead. The guard band requirements should be evaluated based on spectrum efficiency comparison which takes BLER, overhead and MCS adaption into consideration. In this section, we compare the spectrum efficiency based on AMC with different guard tone number.  
For the mixed numerology case, different number of subcarriers in the edge PRB of the target subband are  reservedas the guard tones. In this evaluation, 0/1/2/4/6 guard tones are assumed.
The detailed simulation parameters are summarized in Table 1.
Table 1. Simulation parameters
	Attributes
	Values or assumptions

	Carrier Frequency
	4 GHz

	Antenna config.
	SISO

	Channel model
	TDL-C 300 ns

	UE speed (km/h)
	3

	Waveform
	f-OFDM 

	AMC
	On

	Channel estimation
	Ideal

	Performance metrics
	Spectrum efficiency

	Simulation scenario
	DL mixed numerology
UL mixed numerology

	Power offset
	0 or 5dB

	PA
	DL: Rapp model
UL: Polynomial model

	Subcarrier spacing
	15KHz
	30KHz

	CP overhead
	~6.7%
	~6.7%

	Subband bandwidth
	10MHz (50PRB)
	10MHz (25PRB)

	Scheduled data bandwidth
	4 PRB
	4 PRB

	slot length
	14 symbols
	14 symbols



The evaluation results are shown in Figure2 - 5.It can be observed that the spectrum efficiency for all guard tones configuration is similar, while zero guard tone has a little  gain compared to other guard configuration in most cases, while fractional PRB guard only shows rather marginal  gain in very high SNR region in case of 5dB inter-subband power imbalance.
Based on the results, the following observations can be made,
Observation 2: Fractional PRB guard tone cannot bring meaningful spectrum efficiency gain.
[bookmark: _GoBack]Observation 3: Zero guard tone is the best choice in terms of spectrum efficiency in most cases.
 In other words, negligible spectrum efficiency gain can be observed with fractional PRB guard band. Considering the defects of fractional PRB guard in terms of specification design and standardization effort as discussed previously, we have the following proposals,
Proposal 1: NR should not specify guard band between subbands of different numerologies, but leave it as a network scheduling decision.
Proposal 2: The guard band should have a granularity of PRB, and the size of guard band is up to scheduling decision.
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Figure 2. Throughput of Case 2(DL mixed numerologies), 0 dB power offset
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Figure 3. Throughput of Case 2(DL mixed numerologies), 5 dB power offset
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Figure 4. Throughput of Case 4(UL mixed numerologies), 0 dB power offset
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Figure 5. Throughput of Case 4(UL mixed numerologies), 5 dB power offset

Conclusions
In this contribution, we discussed the guard tone granularity for mixed numerology, and compared fractional PRB guard and integer PRB guard in terms of  specification complexity and spectrum efficiency performance.
The following observations can be made,
Observation 1: Fractional PRB guard tone will complicate the specification design and cause additional standardization effort.
Observation 2: Fractional PRB guard tone cannot bring meaningful spectrum efficiency gain.
Observation 3: Zero guard tone is the best choice in terms of spectrum efficiency in most cases.
According to the above observations , we have the following proposals,
Proposal 1: NR should not specify guard band between subbands of different numerologies, but leave it as a network scheduling decision.
Proposal 2: The guard band should have a granularity of PRB, and the size of guard band is up to scheduling decision.
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