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1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN#75 meeting NR WI was approved [1], in which the proposed NR frequency ranges were attached. Among the bands below 6GHz, the following ranges are supported with more operators than others and therefore are considered with high priority. Furthermore, they are the bands not yet defined in E-UTRA specifications except for the part covered by band 42 and 43. Thus, there are more new issues that shall be sorted out sooner than the frequencies used by E-UTRA.

	Frequency range
/LTE band
	REL-indep.
from
	contact
name, company
	contact
email
	other supporting companies
(min. 3)
	status
(new, ongoing, completed, stopped)

	3.3-4.2 GHz
	REL-15
	TBD
	TBD
	NTT DOCOMO, KDDI, SBM, CMCC, China Unicom, China Telecom, KT, SK Telecom, LG Uplus, Etisalat, Orange, Telecom Italia, British Telecom, Deutsche Telekom
	new

	4.4-4.99 GHz
	REL-15
	TBD
	TBD
	NTT DOCOMO, KDDI, SBM, CMCC, China Unicom, China Telecom, 
	new



[bookmark: _GoBack]In RAN#75, the guideline for NR RAN4 work was also approved [2] to indicate the urgent issues to be finalized by September 2017, such as operating bands and channel arrangement, MPR, REFSENS and MSD evaluation assumptions. This is for leaving an enough time to study the band and band combination specific issues to be completed by December 2017.
In this paper, we discuss the general issues such as operating bands, channel arrangements and basic RF assumptions for the frequency range 3.3-4.2 GHz and 4.4-4.99 GHz.
2	Discussion
The frequency range 3.3-4.2 GHz was already discussed in RAN4#82 meeting [2-6]. Some aspects were already treated.
Since the duplex scheme is not formally agreed for the NR bands in these frequency ranges, it would be good to agree the working assumption in the beginning of the work. The existing E-UTRA bands in this frequency range is TDD band 42, 43, and 48 and FDD band 22. In most markets, TDD is only considered for E-UTRA deployment. FDD is becoming more technically challenging for UE with wider pass band and narrower relative duplex gap expected for NR frequency range. Therefore, TDD band should be specified in the priority. There is a potential to use the band as supplementary downlink in some deployments. In such case, we can consider a TDD DL dominant configuration rather than specifying a new SDL band to avoid the ecosystem fragmentation, although it is up to RAN1 to introduce such configuration, 
The frequency range is extremely wide for the entire 3.3-4.2GHz compared with the carrier frequency, i.e., the relative bandwidth is almost 25%. UE implementation feasibility has been analysed in [3,6] with different conclusions. Further study would be required to conclude if a single band without sub-bands are feasible or not. Even if two sub-bands are necessary as proposed in [3], it is recommended to assume a single NR band unless we see an economical benefit to split this band into two. So far operators from all regions are supporting the band and therefore the single global band plan looks more valuable.
Observation 1: 3.3-4.2 GHz should be specified as a single TDD band.
Observation 2: DL dominant TDD configuration should be considered if SDL operation is required.
Observation 3: 3.3-4.2 GHz band may be based on 2 sub-bands if UE implementation is too challenging.
For the frequency range 4.4-4.99 GHz, most arguments above can apply, except for the relative bandwidth which is about 12.5%. Therefore, the single band without sub-band should be feasible.
Observation 4: 4.4-4.99 GHz should be specified as a single TDD band.
The duplexing flexibility and cross link interference mitigation have been studied in RAN1 [7]. So far, the coexistence aspect has not been studied in RAN4 and we understand that this is not a high priority work for the bands 3.3-4.2 and 4.4-4.99 GHz.
Observation 5: The RAN4 coexistence aspects of flexible duplexing is not studied in Rel-15 for the bands 3.3-4.2 and 4.4-4.99 GHz.

The channel bandwidth is either 1.4, 3, 5, 10, 15 and 20MHz for a single component carrier in the current E-UTRA specifications (except NB-IoT). For the NR, flexible network and UE channel bandwidth is considered in the physical layer design [7]. The RF requirement for the flexible channel bandwidth have been discussed mainly for UE point of view in RAN4 and WF was agreed in RAN4#82 [8] to study it further.
Therefore, it appears there is no need of specifying the channel bandwidth per NR operating band. However, it is still useful to limit the minimum and maximum channel bandwidth for each band because a wide channel may not be practical for low frequency bands and a narrow channel is not efficient for the high frequency bands. In case of band 42 and 43, the minimum channel bandwidth is 5MHz; 1.4 and 3 MHz are not supported. Further, in [7], a channel bandwidth is also studied from initial synchronization procedure point of view. For carrier supporting initial access, for frequency range up to 6 GHz, minimum carrier bandwidth for NR can be either 5 or 10 MHz and is frequency band dependent.
Observation 6: The minimum channel bandwidth for the bands 3.2-4.2 and 4.4-4.99GHz should be 5MHz.

The maximum channel bandwidth allowed from the physical layer specification perspective depends on the subcarrier spacing and the number subcarriers [7, 8]; for example, with 60kHz spacing and 3300 subcarriers, the bandwidth up to 200MHz can be supported. With 6600 subcarriers, up to 400MHz can be supported. However, the maximum possible bandwidth from physical layer perspective is not always needed for each frequency band as it is also depends on regulatory circumstances. If no deployment of wide channel is expected, there is no need to specify such channel bandwidth. 
Furthermore, there will be an implementation challenge to support such wide channel bandwidth. In [11], the maximum channel bandwidth has been proposed to be 100MHz for the bands below 6GHz. Limiting the maximum channel bandwidth will allow RAN4 to avoid unnecessary work on RF requirements and support the early availability of the products. 
It is possible to postpone such requirement from Rel-15 if a wide channel is not expected in the initial phase of NR deployment. In case of E-UTRA, UE shall support all the possible channel bandwidth of the band (except for MTC categories like Cat M1). NR specification provides the support of flexible bandwidth and therefore the support of maximum bandwidth is up to UE RF capability issue. UE supporting the bandwidth less than the channel bandwidth can be operated within the system bandwidth. Thus, it is not a problem to introduce requirement for wider channel bandwidth later than Rel-15. A legacy issue can be avoided even if we change the maximum channel bandwidth of the band in Rel-16 or later.
Observation 7: The maximum channel bandwidth for the bands 3.2-4.2 and 4.4-4.99GHz should be 100MHz in Rel-15.

Another aspect of the channel arrangement is the channel raster. In E-UTRA specification, the channel raster is 100kHz, i.e., the carrier centre frequency shall be at the integer multiple of 100kHz at which the sync signal is located and EARFCN is defined. 
The NR channel raster for the bands 3.4-4.2 and 4.4-4.99 GHz could be specified in the same way as E-UTRA for better compatibility with E-UTRA carriers. It is also a possible to specify it differently from E-UTRA to align more with NR numerology. In RAN1 NR subcarrier grid is being discussed [10]. A possible alternative would be to use the NR raster aligned with the subcarrier grids for better coexistence with other NR carriers. The frequency numbering scheme using ARFCN (we could call it NR-AFCN) shall be further discussed once the NR raster is agreed. The sync channel raster is also discussed in RAN4 for possible improving in the initial acquisition ; thus, further clarification from RAN1 is required.
Observation 8: A possible option on the NR channel raster for the bands 3.3-4.2 and 4.4-4.99 GHz is to reuse E-UTRA channel raster of 100kHz; another option is to introduce a raster more aligned to the NR numerology.
Observation 9: How to define NR-AFCN for the bands 3.3-4.2 and 4.4-4.99 GHz shall be further discussed once the NR raster structure is agreed for these frequency ranges.

Since the schedule for NR work is very tight, to specify conducted RF requirement of the bands, it is recommended to maximally reuse the assumptions from band 42 and 43. For example, RF parameters such noise figure, insertion loss, isolation, etc., which are used for deriving transmitter power, receiver sensitivity or blocking requirement, etc., can be reused from band 42 and 43 even if the supported bandwidth is wider. NR is expected to provide a better performance than LTE; so the RF parameters should be at least on par with LTE.
Observation 10: For BS and UE RF requirement, band 42 and 43 requirements should be maximally reused. 

3	Conclusions
In this paper, we have discussed the general aspects of the frequency range 3.3-4.2 GHz and 4.4-4.99 GHz. The following observations are made in our analysis.
Observation 1: 3.3-4.2 GHz should be specified as a single TDD band.
Observation 2: DL dominant TDD configuration should be considered if SDL operation is required.
Observation 3: 3.3-4.2 GHz band may be based on 2 sub-bands if UE implementation is too challenging.
Observation 4: 4.4-4.99 GHz should be specified as a single TDD band.
Observation 5: The coexistence aspects of flexible duplexing is not studied in Rel-15 by RAN4 for the bands 3.3-4.2 and 4.4-4.99 GHz.
Observation 6: The minimum channel bandwidth for the bands 3.2-4.2 and 4.4-4.99GHz should be 5MHz.
Observation 7: The maximum channel bandwidth for the bands 3.2-4.2 and 4.4-4.99GHz should be 100MHz in Rel-15.
Observation 8: A possible option on the NR channel raster for the bands 3.3-4.2 and 4.4-4.99 GHz is to reuse E-UTRA channel raster of 100kHz; another option is to introduce a raster more aligned to the NR numerology.
Observation 9: How to define NR-AFCN for the bands 3.3-4.2 and 4.4-4.99 GHz shall be further discussed once the NR raster structure is agreed for these frequency ranges.
Observation 10: For BS and UE RF requirement, band 42 and 43 requirements should be maximally reused. 
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