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<Start of text proposal>

13.1
Potential spectrum


As potential spectra to be specified for NR operation in Rel-15, the followings are identified.  They are summarized in Table 13.1-1 where they consist of at least two types:
· Different frequency ranges from those of any of the existing LTE bands. 

· For new frequency ranges, how to define band(s) for each frequency range will be determined taking into account deployment plan, spectrum holding possibility, regional/national regulatory requirements, global harmonization and implementation difficulty including PA feasibility, etc. 

· Spectrum to be refarmed by a part of, or the entire LTE band.

· Frequency ranges for NR bands will be the same as those for LTE.

Table 13.1-1: Frequency range/LTE band requested by operators
	Frequency range/LTE band
	Operators whose request is included in the frequency range

	3.3-4.2 GHz
	NTT DOCOMO, INC., KDDI, SBM, CMCC, China Unicom, China Telecom, KT, SK Telecom, LG Uplus, Etisalat, Orange, Telecom Italia, British Telecom, Deutsche Telekom

	4.4-4.99 GHz
	NTT DOCOMO, INC., KDDI, SBM, CMCC, China Unicom, China Telecom, 

	24.25-29.5 GHz
	NTT DOCOMO, INC., KDDI, SBM, CMCC, KT, SK Telecom, LG Uplus, Etisalat, Orange, Verizon, T-mobile, Telecom Italia, British Telecom, Deutsche Telekom

	31.8-33.4GHz
	Orange, Telecom Italia, British Telecom

	37-40 GHz
	AT&T, Verizon, T-mobile

	1.427-1.518G
	Etisalat

	Band 1
	China Unicom, China Telecom

	Band 3
	CMCC, China Telecom

	Band 7
	CHTTL, British Telecom

	Band 8
	CMCC

	Band 20
	Orange

	Band 28
	Orange

	Band 41
	Sprint, China Telecom, C-Spire, China Unicom

	band 66
	T-mobile


13.2
Co-existence consideration


In principle co-existence study in the study item should be include both below 6GHz and above 6GHz. Due to time limitation, however,  the co-existence studies in the study item are focused on conducting those for ITU-R WP 5D response purpose. Hence, the necessity of the co-existence study for below 6GHz was not concluded.
· RF parameters requests for sharing and compatibility studies with other systems in ITU-R WP 5D came concurrently with the beginning of the study item and the reply deadline was within the completion date of the study item.

· The frequency range for the RF parameters for ITU-R WP 5D are from 24.25 GHz to 86GHz. 

· The frequency range for the RF parameters for ITU-R WP 5D just matches the frequency range where there are new challenges that 3GPP had to address such as significantly high path loss due to the high frequency and techniques such as beamforming to compensate for it. 

To cover the wide frequency range requested by ITU-R WP 5D, the range was divided into three ranges, 30 GHz, 45 GHz and 70 GHz. The co-existence simulation was conducted based on the common simulation assumptions captured in clause 5 of TR 38.803 (where the results sent to ITU-R are also captured)
It is noted that it was agreed that some parameters derived in the co-existence study in the study item are only used for ITU-R WP5D response.. 
Apart from the co-existence simulation results, estimations of the feasibility of achieving different ACLR levels, in particular the impact of ACLR on deliverable output power and PA efficiency were presented during the SI. The ACLR requirement will need to be set to ensure good coexistence and be feasible.
13.3
UE/BS RF feasibility


13.3.1
Common requirements for UE and BS
The target frequency range for NR in the study item is up to 52.6 GHz, which is much higher than that for current LTE. Specifically in higher frequency range called mm Wave, where the possibility is anticipated that allocated spectrum to each operator in mm Wave would be even wider than that in lower frequency range such as below 6 GHz. Even spectrum below 6GHz, however, there will be more continuous spectrum in some frequency range such as around 2.6 GHz and 3.5 GHz. Hence, the feasibility of maximum channel bandwidth with single carrier in both below 6 GHz and above 6 GHz became one of the objectives in the study item. In this context, the next interest was to what extent granularity is required if a larger channel bandwidth is defined. It would be natural for NR to have to deal with even larger number of finite channel bandwidth set to meet various spectrum allocation patterns. Note that in LTE this was compensated by allowing for a certain band to use a finite set of six channel bandwidths and carrier aggregation with them at the cost of some overhead such signalling. To gain better spectrum utilization efficiency instead of using similar way of LTE with a finite granularity and foreseeable even various spectrum allocation patterns, flexible channel bandwidth concept was investigated for both UE and BS in NR. 

In addition, for this wider channel bandwidth, it is well known that in general continuous usage of a wider channel bandwidth requires more power than that of a smaller channel bandwidth. Hence, in order to address it, feasibility of a concept of transmission bandwidth configuration adaptation was also investigated. In this concept, transmission bandwidth configuration within a channel bandwidth is not always the maximum unlike LTE. The maximum transmission bandwidth as well as its position can be adjusted to suitable one.

Moreover, one of the significant differences between LTE and NR is that several sub-carrier spacings will be defined in RAN1 specifications while the current LTE specification allows to use 15 kHz sub-carrier spacing only. Note that NB-IoT is not considered. Hence, feasibility study to identify suitable sub-carrier spacing in terms of frequency range was conducted.

Finally, as one of the essential aspects for new RAT, spectrum utilization was investigated.

13.3.1.1
Subcarrier spacing

Feasible subcarrier spacing for NR would depend on frequency range. Based on the initial study, for below 6 GHz, the feasible sub-carrier spacings were identified, while above 6 GHz, the study was able to go no further than identifying potential candidates: 

-
For below 6GHz: 15kHz, 30 kHz and 60kHz are feasible

-
For above 6GHz: 60kHz, 120kHz and 240kHz are potential candidates of feasible subcarrier spacing. 

It should be noted which of the above mentioned subcarrier spacings are supported depends on NR bands where UE and gNB operate.

13.3.1.2
Maximum channel bandwidth

Maximum channel bandwidth was studied based on at least possible sub-carrier spacings in a certain frequency range considering aspects such as phase noise impact, FFT size etc. As the result, it was concluded that from physical layer specification perspective the maximum supportable channel bandwidth at this stage is 400MHz while from RF feasibility perspective the ranges of the maximum channel bandwidth are as follows:  

-
For below 6GHz: Maximum CBW will be further studied in range of 100MHz ~ 200MH.
-
For above 6GHz: Maximum CBW will be further studied in range of 100MHz ~ 1GHz
In addition, the necessity of the investigation of possibility to support the above maximum channel bandwidth with carrier aggregation was identified.. It should be noted that the maximum channel bandwidth mentioned above may be not applicable to all bands.
13.3.1.3
Flexible channel bandwidth

It is clarified that the flexible channel bandwidth can potentially be specified if it is established that RF requirements can be linearly scalable with channel bandwidth or if RF requirements for a finite set of channel bandwidth can ensure UE/gNB performance.

13.3.1.4
UE transmission bandwidth configuration adaptation

In this concept, transmission bandwidth configuration within a channel bandwidth is not always the maximum unlike LTE. The maximum transmission bandwidth as well as its position can be adjusted to suitable one. To study this feature, at least transmission time in both RF and baseband side and power saving aspects were considered. As an initial analysis, the following observations were obtained for transition time specifically in terms of RF aspects:

-
For intra-band operation, at least for below 6GHz, the transition time can be up to 20µs if the centre frequency is the same before and after the transmission bandwidth configuration adaptation.

-
For intra-band operation, at least for below 6GHz, the transition time is 50~200µs if the centre frequency is different before and after the transmission bandwidth configuration adaptation.

-
For inter-band operation, at least for below 6GHz, the transition time can be up to 900µs.
13.3.1.5
Spectrum utilization

For LTE, the spectrum utilization is 90% at maximum in terms of RAN4 specification such as transmission bandwidth configuration of 20 MHz channel bandwidth to be 18 MHz (100 PRBs). Spectrum utilization was investigated at least in terms of spectrum utilization efficiency, implementation complexity in both RF and digital baseband sides, signalling complexity, specifications workload and testing burden. As the result of the feasibility study, it is concluded that above 90% for NR is feasible. Hence, better spectrum utilization for NR can be achieved than that for LTE.
13.3.2
UE RF requirements
The frequency range of the scope of the study item was studied by categorizing it as Range 1 and Range 2 as illustrated in Figure 13.3.2-1. 
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Figure 13.3.2-1: Frequency range 1/2 and the threshold.
13.3.2.1
Wide frequency range of up to 52.6 GHz handling
For Range 1 of below 6 GHz, it was concluded that at least conducted requirements are required and most of the requirements for LTE are reusable such as spectrum emission mask for at least the same CBW as that of LTE. Note that OTA based requirements are specified if necessary. 

For Range 2 of above 24 GHz, initially, OTA requirements as well as conducted requirement including IF (intermediate frequency) possibility were discussed. As the result, it was concluded that OTA requirements only will be introduced into the requirements for this mm Wave frequency range due to highly integrated architectures may feature innovative front-end solutions, multi-element antenna arrays, passive and active feeding networks, etc. that may not be able to physically expose a front-end cable connector to the test equipment.
For the above reasons, highly integrated UE RF architectures are proposed and captured into TR 38.803 where possible practical antenna positions, the number of antenna arrays, RF front end etc. are identified. For these challenges coming from mm Wave, methodologies to specify each of the fundamental requirements being captured into TS 36.101 such as maximum output power, frequency error, spurious emission, reference sensitivity, blocking as OTA were studied. During the study item, as potential candidate methodologies, at least EIRP, TRP and beam peak were discussed. In the end, at least either of them is suitably connected to each of the fundamental requirements. Moreover, for some of the requirements such as maximum output power, spurious emissions, reference sensitivity and out-of-band blocking, even specific investigation was conducted. For instance, in the case of maximum output power, roughly two aspects were discussed. One is power class (PC). It was decided to develop requirements for one power class as priority. After the requirement is defined, other PCs can be added. The other is how to evaluate EIRP. During the study item, several UE types to develop different spatial coverage requirements were identified, although smartphone (i.e. full sphere) is the baseline of UE types in Rel-15. Although final decision was not reached yet, intensive study was conducted on specifically a CDF method for describing spherical coverage of RF parameters where each point represents equal surface area in sphere surrounding the UE. 
13.3.2.2
Stand-Alone and Non-Stand-Alone perspective
Study of NSA between sub 6GHz band and mm Wave band were also intensively conducted. Although a conclusion that no MSD issues was not reached, at least most of the major factors were studied based on currently available information such as data sheet of LNA, antenna frequency response. The aspect as well as the MSD due to the impact of the simultaneous two UL is supposed to be further investigated considering challenges due to completely new UE design with mm Wave components etc. In addition, necessity of power sharing mechanism between LTE and NR was raised although the conclusion was not made since it was observed that in some regions there are the radiation exposure/absorption rules of SAR [W/Kg] for below 6 GHz and MPE [mW/cm2] for above 6 GHz. Note that for NSA in both bands below [6] GHz, it was identified that power sharing mechanism between LTE and NR should be specified to meet SAR requirement in a the same principle as UL CA/DC. It is, however, concluded that feasibility of power sharing between different RATs is also to be further investigated in terms of RAN1/2 specification and implementation as well as other methods such as simply defining independent maximum power for LTE and NR by leaving the compliance with the SAR to implementation. 
13.3.2.3
Multiple numerologies within one carrier
Usage of multiple numerologies within one carrier which is one of the major features was studied in terms of both UE and BS RF. For UE RF, it was concluded that for reception side in channel selectivity requirement will be newly introduced into a specification for NR UE RF corresponding to TS 36.101 for LTE UE RF. The definition of the requirement follows the same format as uplink, taking the possible power imbalance level between numerologies into consideration. For transmission side, it was concluded that EVM requirements measured over narrow bandwidth, which is a few PRBs or 1 PRB, will be defined in addition to those measured over all the PRBs. 
13.3.3
BS RF requirements
The frequency range of the scope of the study item was studied by categorizing it as Range 1 and Range 2 as illustrated in Figure 13.3.3-1.
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Figure 13.3.3-1: Frequency range 1/2 and the threshold.
13.3.3.1
Wide frequency range of up to 52.6 GHz handling

For Range 1 of below 6 GHz, it was concluded that both conducted requirements and OTA requirements are required as RAN4 has non-AAS BS specifications (i.e. with antenna connector based requirements without antenna functionality consideration) and AAS BS specifications (i.e. with antenna functionality considered and OTA requirements) for UTRA and E-UTRA. In addition, the study comes to a conclusion that most of the requirements for LTE are reusable such as BS class, output power accuracy and spurious emission.

For Range 2 of above 24 GHz, initially, OTA requirements as well as feasibility of having conducted requirements were discussed. As the result, it was concluded that OTA requirements only will be introduced into the requirements for this mm Wave frequency range due to highly integrated architectures featuring innovative front-end solutions, multi-element antenna arrays, passive and active feeding networks, etc. that may not be able to physically expose a front-end cable connector to the test equipment.
For this challenges coming from mm Wave, methodologies to specify each of the fundamental requirements being captured into TS 36.104 such as BS output power, EVM, ACLR, mask, spurious emission, reference sensitivity, blocking as OTA were mainly studied. During the study item, as potential candidate metrics, at least EIRP including the direction and TRP were discussed. In the end, at least either of them is suitably connected to each of the fundamental requirements. It was agreed that TRP is the correct metric for ACLR, operating band unwanted emissions and spurious emissions, with the exception of co-location related spurious emissions Moreover, for some of the requirements such as BS output power, EVM, ACLR, mask, spurious emissions, reference sensitivity and out-of-band blocking, even specific investigation was conducted. For instance, in the case of BS class and BS output power, roughly two aspects were discussed. One is the definition of BS class. Although existing BS classes were defined based on the minimum coupling loss (MCL) between BS and UE, the conclusion was to use the minimum distance between BS and UE instead of MCL for BS without antenna connector. Although final decision was not reached yet, power limitation for each BS class will be specified by TRP. The other is metric for output power accuracy requirement. It is required that EIRP accuracy at beam peak direction should be met as requirement. The direction range where BS can comply with the requirements will be declared by the BS vendor.
13.3.3.2
Multiple numerologies within one carrier

As a usage of multiple numerologies within one carrier which is one of the major features was studied in terms of both UE and BS RF. For BS RF, the following conclusions on the introduction of new requirements into NR BS RF specification corresponding to TS 36.104 for LTE BS RF were derived. For transmission, EVM requirements averaged over both all the PRBs and 1 PRB at the edges will be defined for both single numerology and multiple numerologies cases. For reception, in channel selectivity requirement will be defined by considering two different numerologies as wanted signal and interfere signal with taking the possible power imbalance level.
13.3.3.3
Beam related NR BS specific requirement
In the existing non-AAS specifications, antenna characteristics are out of scope, requirements are specified at the antenna connector. AAS BS specification already includes selected OTA requirements and eAAS work continues to complete the OTA specification for UTRA and E-UTRA BS below 6GHz. 

Beam forming functionality is one of the essential capabilities to compensate for large path loss for NR for >24GHz range. For any directional requirement such as EIRP accuracy or minimum EIS the characteristics of the beam are included in the requirement hence, the conclusion was that beam characteristics are included in the scope of RAN4 OTA specifications already in the form of the EIRP and EIS requirements. For >24GHz some potential candidate new beam related requirements to be specified were identified for further investigated. The investigation will include the usefulness, suitability and feasibility of the proposed requirements such that a decision can be made in the WI on whether to include further beam related requirements 

<End of text proposal>

