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1. Introduction
In the NR era, an ultra-wideband spectrum is supposed to be available, e.g. several hundreds of MHz or the order of GHz on SHF (Super High Frequency) and EHF (Extremely High Frequency), e.g. 28/60 GHz. This paper attempt to discuss how such an ultra-wideband spectrum can be supported from specification viewpoints.
NOTE:
This paper is submitted to both RAN2 #95bis and RAN4 #80bis.

2. Discussion
An intuitive approach of utilising an ultra-wideband spectrum is either:
1)
Intra-band contiguous Carrier Aggregation or
2)
Single carrier by defining a wideband channel bandwidth.

Both approaches are investigated hereafter taking into account the experience leant from LTE.
2.1. Carrier Aggregation approach
LTE has supported 6 channel bandwidths (BWs) since Rel-8, which are 1.4/3/5/10/15/20 MHz BWs. Other channel bandwidths than the six channel BWs can be supported by aggregating multiple Component Carriers (CCs), i.e. Carrier Aggregation (CA). Given that RAN2 has agreed to study CA for NR [1], it is intuitive that an ultra-wideband spectrum can be supported by intra-band contiguous CA. Nevertheless, the following challenges can be envisaged from what the specification for CA has been developed and maintained in RAN2/4:
Issue 1. Cumbersome work on specifying CA band combinations

In order to specify a new CA band combination, it is prerequisite that all of the subset band combinations comprised of the lower number of CCs than the new band combination have to be standardised in advance as illustrated in Fig.1. For instance, if a spectrum of 800 MHz BW is available for a certain Band, 40 CC CA band combination is required assuming the 20 MHz BW for one CC as in LTE. To support 40 CC CA, all of the CA band combinations from 2 CC CA to 39 CC CA need to be standardised. Another major hurdle is to define possible BW combination sets for a new or an existing CA band combination. The maintenance of BW combination sets has added fuel to the fire as can be seen in TS 36.101 (e.g. Table 5.6A.1-1). This standard of discipline makes the specification work quite cumbersome which RAN4 has been tackling for recent years. In addition, provided that the new CA band combination is combined with some existing CA band combinations, e.g. assuming non-standalone operation, the specification work further increases significantly. Furthermore, there is a risk that a huge number of CA band combinations cause poor readability of RAN4 specifications.
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Figure 1:

Ultra-wideband spectrum supported by intra-band contiguous CA

Issue 2. Increased size of UE capability signaling
As the UE supports CA band combinations consisted of the larger number of CCs, the signaling size of UE capability soars dramatically. The increased size of capability signaling results in increasing the overhead on the air and consuming the memory resources in the eNB and the MME. Both RAN2 and RAN4 have been wrestling with this problem for recent years. Some solutions aimed at reducing the signaling size have been introduced for LTE CA, e.g. the frequency selective mechanism in Rel-11, the skip mechanism of fallback band combination in Rel-13, etc.
Issue 3. Cumbersome management of the large number of CCs
RRM in terms of the large number of CCs is cumbersome from the operational viewpoints. For instance, when the eNB attempts to configure all of the CCs available in a certain band, e.g. 40 CCs like the above example, the eNB cannot obtain all of the measurement results at the same time due to the limitation of monitoring carriers. The eNB can of course decide to configure all of the CCs even based on the measurement result of the part of CCs which the UE can report within its capability. Even with that, the eNB needs some logic to select the part of carriers to be measured amongst the several tens of CCs. In case of LTE-NR Dual Connectivity, RRM coordination would be complicated to decide how many CCs are configured in LTE and NR, respectively within the UE capability. If an ultra-wideband spectrum were served by a single carrier, RRM coordination between LTE and NR would be simplified.
2.2. Single carrier approach
Another approach is to define a wideband channel bandwidth for single carrier operation. In LTE, the UE supports all channel bandwidth specified in Rel-8 from functional viewpoints. However, the UE in fact does not always support all channel BW hinging on the supported bands as specified in TS 36.101. Since the UE follows the operational channel BW broadcast by the eNB, once the eNB changes the operational channel BW which some of the legacy UEs do not support, the legacy UEs cannot access to the NW. This scenario also happens if the specification is extended to support additional BW from the ones specified at the beginning. Given that an extremely wider range of the spectrum is supposed to be available, the limited number of channel BW like LTE would not encompass all potential spectrum availabilities.
This non-backward compatible issue can be resolved by the way of introducing eMTC and NB-IoT enabling to accommodate the narrowband UEs within the operational channel BW. Nevertheless, it requires the system to reserve the common resources within the channel BW, e.g. synchronization signal, reference signal, broadcast, random access and paging. Consequently, there is a drawback to deteriorate the system capacity

2.3. New approach of defining channel bandwidth for NR
In light of the viewpoints explained in the previous sub-clauses, when a new radio access technology is built from scratch, it is desirable if the following design principles can be taken into account:
1)
The specification work should be minimised especially for the RF part in RAN4.
2)
Finer granularity of channel BW should be supported to encompass diverged spectrum allocation in different regions.
3)
Even when the network changes operational BW or the specification extends channel BW, the legacy UEs not supporting the changed or extended BW should be able to access to the network.
Given that CA is anyway to be supported for NR, an ultra-wideband spectrum can be supported by intra-band contiguous CA in spite of the observations in sub-clause 2.1. In that sense, it is worthwhile studying if the above design principles can be addressed by the single carrier approach. RAN1 at the #85 meeting agreed on some channel BW aspects as shown below [2].
	Agreements:
· NR should support of flexible NW and UE channel bandwidth

· FFS: NR carrier bandwidth should consider to allow efficient unlicensed spectrum access
· The NR physical-layer design should allow for fine granularity in terms of NR carrier bandwidth 

· The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth

· FFS: minimum bandwidth
· FFS: There should not be an assumption that devices necessarily support the same set of bandwidths for transmission and reception

· FFS: There should not be an assumption that the network carrier bandwidth is necessarily the same for downlink and uplink


As RAN1 has already considered designing channel BW in a flexible manner for NR, this paper attempts to give a high level concept to spur the study in RAN2/4.
2.3.1
High level concept

The RAN2/4 specifications for LTE were built for the limited number of fixed BW, i.e. 1.4/3/5/10/15/20 MHz and their corresponding transmission BW configuration. In contrast, transmission BW configuration is defined as a variable with closed interval. For instance, transmission BW configuration, N varies from 1 RB to 10000 RB in a unit of one RB. Channel BW, X is defined as a function of transmission BW configuration, N, i.e. sub-carrier spacing * N + guard bands. In this example, channel BW encompasses from 200 KHz to 2 GHz if the LTE numerology is assumed. It is FFS how guard bands are derived, in particular whether guard bands can be derived in proportion to transmission BW configuration like LTE or a fixed value. Figure 2 illustrates an overview of channel BW definition for NR.
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Figure 2:

Channel bandwidth definition for NR
The granularity of transmission BW configuration affects the size of MIB (P-BCH). One RB granularity from 1 RB to 10000 RBs requires 14 bits. If the transmission BW configuration is defined as the integral multiple of 25 RBs up to 10000 RBs, the required bit can be reduced to 9 bits. It is a trade-off between the BW configuration range/granularity and the broadcast overhead and so should be studied for further together with RAN1. 
From the RAN4 viewpoints, it needs to be studied how the RF performance requirements can be specified, which hinges on the transmission and reception BW, e.g. Spectrum Emission Mask, receiver sensitivity etc.

2.3.2
UE specific aspects
To address the design principle 3) from the UE viewpoints, the UE should be able to access to the network regardless of the BS channel BW. One potential approach to do this is that the UE should be able to report the maximum transmission and reception BW/RBs as the UE capability. This Tx and Rx RB capability is interpreted such that the UE can transmit and receive the data up to the maximum capable RBs. The maximum BW/RB capability can be different between Tx and Rx. If the maximum Tx/Rx BW/RB capability is smaller than or equal to the BS channel BW, the BS assigns the part of radio resources within the UE capability as illustrated in Fig.3 (a). If the maximum Tx/Rx BW/RB capability is larger than the BS channel BW, the BS assigns the whole radio resources to the UE as illustrated in Fig.3 (b). By doing this, the UE can access to the network regardless of the BS channel BW. Even if the maximum value of the BS channel BW is extended in future releases, the legacy UE can still access to the network.
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Figure 3:

Resource allocation for UEs with different Tx/Rx BW capability
2.3.3
BS specific aspects

To support an ultra-wideband single carrier from the BS viewpoints, it is sensible to study whether the baseband and the RF module can process the ultra-wideband carrier. Even if the BB/RF module can do it, it does not make sense if the remote radio head (RRH) becomes quite large equipment as illustrated in Fig.4 (a). This is due to high likelihood that such an ultra-wideband carrier on SHF and EHF serves a hot spot coverage with low transmission power. In that case, it is desirable if the size of RRH is as small as possible making it easier to find the installation site of RRH. Another alternative is to leverage multiple BB/RF modules to process an ultra-wideband carrier as illustrated in Fig.4 (b) assuming that it helps to reduce the RRH size. The reduced RRH size would make it easier to find the installation site, while an ultra-wideband carrier is served by multiple RRHs installed at the different site. In that case, a certain level synchronization or mechanism (like Quasi-colocation for LTE CoMP) is required amongst multiple RRHs as if a carrier were transmitted from the same site. If the latter approach in Fig.3 (b) is deemed as necessary, further analysis would be needed to investigate whether there are radio interface protocol and RF specification impacts.
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Figure 4:

Support of an ultra-wideband carrier from BS viewpoints
3. Summary and proposal
In light of the experience learnt from LTE, this paper introduced a high level concept of defining channel bandwidth for leveraging an ultra-wideband spectrum. In addition to study the CA framework for NR, the followings are proposed in conclusion:
Proposal 1:
Study the specification impacts of defining transmission bandwidth configuration as a variable and channel bandwidth as a function of transmission bandwidth configuration from BS viewpoints. (RAN2/4)
Proposal 2:
Study the specification impacts of introducing UE capability on the maximum transmission and reception bandwidth/resource blocks. (RAN2/4)
Proposal 3:
Study how the guard band are derived for BS and UE, in particular whether guard bands can be derived in proportion to transmission BW configuration like LTE or a fixed value. (RAN4)
Proposal 3:
Study the specification impacts of enabling the UE to access the network no matter what the BS channel BW is. (RAN2)
Proposal 4:
Study how an ultra-wideband single carrier can be supported from BS viewpoints. (RAN4)
Proposal 5:
Study and conclude the approach to leverage an ultra-wideband spectrum by comparing the new concept of defining channel bandwidth for a NR carrier to intra-band contiguous CA. (RAN2/4)
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Channel Bandwidth X = Sub-carrier spacing * N + guard bands





Transmission Bandwidth Configuration N = [1, 10000] in a unit of one RB
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(a) BS channel BW ≧ UE Max Tx/Rx BW
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(a) Single BB/RF can process an 800MHz carrier


(b) Combination of multiple BB/RF processes an 800MHz carrier
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