3GPP TSG RAN WG4 Meeting #92Bis	R4-1913005
Chongqing, China, October 14-18, 2019
Agenda Item:	10.4.4
Source:	FUTUREWEI
Title:	TP to TR 38.820: system parameters for 7-24 GHz study
Document for:	Approval
[bookmark: _Ref124589705][bookmark: _Ref129681862]1	Introduction
After RAN4#92, the updated version of the TR [1] captured the following note
Editor’s note: Study applicable maximum bandwidths and SCS for SSB/PBCH block and control/data
This TP is provided for approval.
2	Conclusion
Based on the discussion in [1], a proposed TP to TR 38.820 on system parameters is provided. This also captures text proposals in [2].
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5.7	NR system parameters analysis for 7-24 GHz range
Editor’s note: Study applicable maximum bandwidths and SCS for SSB/PBCH block and control/data
5.7.0	General 
[bookmark: _GoBack]In this section, analysis for NR system parameters and background information on how to determine the system parameters selection is captured. This analysis and information can be used as guidance on whether FR1 and FR2 system parameters can be re-used or new system parameters are defined for frequency (sub-)ranges within the 7-24 GHz range. 
[bookmark: _Toc18925229]5.7.1	SCS 
5.7.1.1	General
SCS selection is done within RAN4 according to RAN1’s candidate SCS design. From the RAN4 perspective, the SCS is mainly dependent on the phase noise considerations, FFT size and channel impairments, such as delay spread and Doppler spread. For the mmWave range, the phase noise would be muchin general is worse than at low higher frequenciesy ranges, therefore for the 7-24 GHz range, phase noise should be evaluated when selecting the SCSlower SCS is not suitable anymore. .
Delay spread depends on the deployment, for UE operating between 7-24 GHz, beam selectivity could also suppress the delay spread, it’s also up to the UE implementation with antenna array or not. The cyclic prefix CP must accommodate the channel delay spread in which can be a function of implementation and several frequency dependent factors, including path loss and scatteringwhich CP is also related with SCS selection. The impact of antenna arrays, such as increased range and beam selectivity, may affect SCS selection. The SCS selection should consider the effects of Doppler on demodulation performance and tracking.
5.7.1.2	SCS for SSB
The SCS options for the SSB are generally based on the SCS used for the band and the specified channel bandwidths in that band. For FR1, a trend is that 30 kHz SCS for the SSB tends to be used as the frequency of the bands increases. In contrast, the 120 and 240 kHz SCS options for the SSB are allowed for the FR2 bands. 
The selection of the SCS of the SSB can occur once the SCS for the bands in the 7-24 GHz range and the channel bandwidths are determined. 

5.7.1.3	SCS for shared / control channels
The shared and control channels are scalable in SCS. However, the reference signal considerations for those channels are dependent on frequency range. For example, in FR2, a phase tracking reference signal (PT-RS) is mandatory. In addition, the channel bandwidths for bands in the 7-24 GHz range can restrict the allowed SCS. 

[bookmark: _Toc18925230]5.7.2	Channel bandwidth 
On channel bandwidth (CHBW), tThe maximum channel bandwidth is up torelated to the RF chain characteristic considerations and sampling rate which is up toa function of FFT size and SCS selection. Additionally, depending on spectrum allocation restrictions and operators’ request, there might be additional channel bandwidths may be considered.  
From a UE perspective, a requirement to support a large number of channel bandwidths could increase the UE design complexity (e.g. FFT design to support 4096, 2048, 1024 would require multiple layers FFT design and digital filtering design for each CHBW, etc.) and conformance testing time.
[bookmark: _Toc18925231]5.7.3	Spectrum utilization 
Regarding spectrum utilization (SU) perspective, it dependents on the Tx emission mask defined for protecting the adjacent channel and Rx blocking requirements. Due to a lack of regulatory requirements defined for 7-24 GHz so far, the SU decision needs to be deferred to the future WI phase. 
However, the filter length or implementation difficulty should be taken into account from both Tx side and Rx side. As the filter length will also have the impacts on the EVM window length, if there are any changes on the SU tables for 7-24 GHz, then the EVM window requirement should also be revisited correspondingly. 
[bookmark: _Toc18925232]5.7.4	Channel raster
There are no refarming bands in 7 -24 GHz range, therefore the SCS-based channel raster could be adopted for the better spectrum utilization, especially considering the intra-band contiguous CA scenario. Regarding the use of either 15 kHz, 30 kHz, or 60 or 120 kHz SCS-based raster for the 7-24 GHz range, it is dependent on the SCS selection. 
[bookmark: _Toc18925233]5.7.5	Sync raster
The following basic principle for the sync raster design could be reused also for 7 – 24 GHz range:
sync raster ≤ BWconfig + channel raster - BWSSB
where BWconfig accounts for the bandwidth of the band, minimum bandwidth, and guardband, BWSSB is the bandwidth of the SSB.
Once the Minimum minimum BW, channel raster and SCS for SSB operation definitions are out of scope of the SIare determined. Therefore, the sync raster for 7 – 24 GHz range cannot be determined at the SI stage. 
[bookmark: _Toc18925234]5.7.6	Channel spacing
For the channel spacing for between adjacent channel carriers, the a formula is just used to make ensure that nominal channel spacing frequency separation between adjacent carriers is aare multiples of channel raster, . therefore Therefore values of 0, ±(1/3) channel raster are considered on all possible cases. A similar spacing may be considered for the 7-24 GHz range.
[bookmark: _Toc18925235]5.7.1		Aggregated system bandwidth
Referring to the TR 38.913 [2] on the NR deployment scenarios, values of the aggregated system bandwidth were linked to the example carrier frequencies (i.e. 700 MHz, 4 GHz, 30 GHz, or 70 GHz): 
· For the example carrier frequency of 4 GHz the aggregated system bandwidth was considered to be ≤ 200 MHz.
· For the example carrier frequency of 30 GHz the aggregated system bandwidth was considered to be ≤ 1 GHz.
Considering the above NR aggregated system bandwidth values as approximation of the corner cases for the 7 – 24 GHz range, conclusion for 7 – 24 GHz range was derived. The range of the the (upper bound of the) aggregated system bandwidth for 7 – 24 GHz range is considered to be within 200 – 1000 MHz range. 
Referring to the list of the bands of interest in clause 4, widths of those frequency ranges are within [280 – 1670] MHz, which is considered as sufficient match with the above assumption on the aggregated system bandwidth.
[bookmark: _Toc18925236]5.7.1.1	Single carrier operation
Based on the comparison of NR operating bands and channel bandwidths with the widths of 7 – 24 GHz frequency ranges of interest, it was observed that the set of Rel-16 NR channel bandwidths (i.e. 5 MHz being the narrowest, and 400 MHz being the widest) shall be sufficient for potential NR applications in 7 – 24 GHz range. This is motivated by the fact that the largest width of the 7 – 24 GHz frequency range of interest are significantly narrower compared to the largest width of Rel-15 FR2 operating band. Therefore, if the set of NR channel bandwidths is considered as sufficient for Rel-15 FR2 operating bands, it is also considered as sufficient for the NR operating in 7 – 24 GHz range.  
NOTE: The above does not preclude any additional NR channel bandwidth requests in future, e.g. based on the operators request motivated by the spectrum utilization optimisation. 
[bookmark: _Toc18925237]5.7.1.2	Carrier aggregation
As 7 – 24 GHz range is considered to be a capacity booster due to its propagation characteristics, a typical envisioned CA scenario is expected to use component carriers from the 7 – 24 GHz range as the Secondary Serving Cells (while the Primary Serving Cells are expected to be allocated in FR1 operating bands). Therefore, carrier aggregation deployment is seen as suitable and applicable to 7 – 24 GHz deployment scenarios, considering both contiguous and non-contiguous spectrum allocations. 
Referring to the NR UE specification in TS 38.101-3 [x], the inter-band CA between FR1 and FR2 was also considered in Rel‑15. Such NR inter-band CA case is including at least one component carrier from FR1 operating band, and at least one component carrier from FR2 operating band. Extending such CA arrangement with the 7 – 24 GHz range, it can be envisioned that the following inter-band CA combinations could be further considered: 
· FR1 component carrier(s) plus 7 – 24 GHz component carrier(s), or
· 7 – 24 GHz component carrier(s) plus FR2 component carrier(s), or even
· FR1 component carrier(s) plus 7 – 24 GHz component carrier(s) plus FR2 component carrier(s).
NOTE: the above is valid irrespective of the future conclusions on potential FR1/FR2 range extension(s). 
Referring to the UE RF feature list [x], UE capability 2-2 (i.e. simultaneous reception or transmission with same or different numerologies in CA) was defined. Considering potentially different set of the supported numerologies among the considered bands in any of the three options above, this UE RF capability will also be applicable for the inter-band CA with the potential 7-24 GHz range bands. 
[bookmark: _Toc18925238]5.7.1.3	Dual connectivity
Similar to the CA motivation being the capacity booster, the Dual Connectivity deployment is seen as suitable and applicable to 7 – 24 GHz deployment scenarios. 
Referring to TS 38.101-3 [x], large amount of inter-band DC configurations between FR1 and FR2 was already defined in Rel-15, as listed below. It is expected, that 7 – 24 GHz range will further extend the list of inter-band DC configurations. 
· Inter-band EN-DC (E-UTRA/NR Dual Connectivity) including FR1 and FR2, considering configurations up to six bands. 
· Inter-band NR-DC (New Radio Dual Connectivity) between FR1 and FR2, considering two bands configuration. 
NOTE: Referring to applicability of minimum requirements in TS 38.101-3 [x], NR UE that supports inter-band NR-DC between FR1 and FR2 configuration shall meet the requirements for corresponding CA configuration, unless otherwise specified.
Referring to the UE RF feature list [x], UE capability 2-4 (i.e. simultaneous reception and transmission for inter-band EN-DC (TDD-TDD or TDD-FDD)) would also be applicable for the inter-band EN-DC combinations including 7-24 GHz range carriers.



