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Introduction
In RAN1#86bis, the following were agreed regarding wider bandwidth for NR [1];
Agreements:
· At least for Phase 1, study mechanisms to support operation over e.g. around 1GHz contiguous spectrum from both NW and UE perspectives including the maximum single carrier bandwidth of at least 80 MHz
· Carrier Aggregation/Dual Connectivity (Multi-carrier approach) 
· Details are FFS
· FFS: non-contiguous spectrum case
· Single carrier operation 
· Details are FFS 
· Maximum channel bandwidth continues to be studied in RAN1/4
· Maximum bandwidth supported by some UE capabilities/categories may be less than channel bandwidth of serving single carrier
· Note that some UE capabilities/categories may support channel bandwidth of serving single carrier
· Send an LS to ask RAN4 to study the feasibilities of mechanisms above from both NW and UE perspectives

Agreements:
· At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X µs (FFS: value of X)
· FFS the first RF bandwidth is within the second RF bandwidth
· FFS the first RF bandwidth is at the center of the second RF bandwidth
· FFS the maximal ratio of the first RF bandwidth over the second RF bandwidth
· FFS detailed mechanism
· FFS RF bandwidth adaptation for RRM measurement

This contribution considers various feasibility and operational aspects for supporting wider BW via single carrier operation in NR. 
Discussion
Wider bandwidth (BW) much greater than component carrier BW may be supported via various techniques – namely carrier aggregation, dual connectivity, channel bonding and others. Wide BW does not change the design of carrier aggregation and dual connectivity mechanisms when compared to LTE and associated releases. Hence focus in this contribution is mainly on the single carrier operation of wider BW in NR. 
Observation 1: No changes, with respect to LTE, from operational perspective are needed for CA and DC when wider BW is considered.
Channel bonding is a mechanism for pooling several component carrier/channels and treating them as one single wide channel. Such mechanisms have been used in other wireless technologies such as 802.11n. Benefits from supporting channel bonding-based channel pooling mechanisms are discussed in [2].
Observation 2: Channel bonding is a proven mechanism that can be considered to support single-carrier operation of wide BW in NR.
Furthermore, considering forward compatibility and unlicensed band operation co-existing with new WiFi releases such as 802.11ax that use channel bonding, it is necessary to study channel bonding-type mechanisms in phase 1 of NR.
Proposal 1: Study channel bonding as a mechanism for wide BW single carrier operation in NR.
Implementation Aspects
The total carrier BW depends on a) the numerology used in a specific band and b) the FFT size that is supported by the nodes. A gNB can configure a single carrier operating BW to a UE based on an indication by the UE of its capability regarding its hardware aspects such as supported FFT size etc.
Observation 3: UE hardware aspects, such as supported FFT size, and the numerology in a given frequency band are important factors in determining a BW that can supported for single-carrier operation.
Control Channel Design
While wider BW is attractive from a UE perspective, it is power consuming for the UE to have its RF turned on for continuously sensing/receiving over a wide BW. For this reason, it was agreed in RAN1#86bis that a UE can be configured subbands for monitoring PDCCH. Only when the UE detects a DL assignment scheduling PDSCH transmission over a wider BW, the UE starts receiving over the wider BW. Triggered CSI-RS transmission is another case where the UE needs to receive over a wider BW. 
Two examples are shown in Figure 1 and in Figure 2. (
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Figure 1: Control Channels outside the Data Channel BW
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Figure 2: Control Channels within the Data Channel BW
The alternatives in Figure 1 and Figure 2 are associated with certain trade-offs. For example, when the DL control channel BW is in the center of the wider DL data channel BW, a UE need not tune all RF components to receive data channel, only filter bandwidths may be tuned on or off for real time operation. For such a scale of bandwidth adaptation, the time order required for changing the bandwidth is only few micro secs. Having a control channel outside the data channel bandwidth can enable to use a different numerology which is optimal for that specific frequency and can enable reliable transmissions. However, such a design will need to consider 100’s of micro secs for re-tuning the bandwidth of the UE each time. Whichever design is considered, the time line needed for switching different spectrum, different BW by the UE or gNB must be studied and whether or not such timelines can be used to support some NR services.
Proposal 2: The positioning of the control and data channels in the considered BW must be studied while keeping UE capability in consideration.
Data channel design
A gNB may pool BW much wider than a component carrier (CC) BW for supporting high data rates. From operational aspects perspective, a gNB may choose to aggregate BW into one wide spectrum chunk as this enables reduced signaling overhead. The gNB then needs to decide how to allocate the wide BW to UEs. Figure 3 and Figure 4 illustrate two possible approaches.
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Depending on the UE capability and the BW it may support, the gNB can use the appropriate mechanisms. UE capability information can include maximum supported contiguous BW, number of supported RF chains, i.e., number of carriers for CA, etc. A comparison between these approaches is shown below.

	
	Contiguous
	Distributed

	Signaling overhead
	Less
	More

	RS
	1 or multiple depending on the BW allotted
	1 per segment and multiple inside each segment depending on the BW of the segment

	DCI
	1
	1 for single allocation and multiple for CA-type

	Flexibility
	Less
	More

	Numerology multiplexing
	Difficult, may need guard bands if appropriate spacing is not used
	Feasible, 1 per segment with CA operation

	HARQ
	1 per numerology
	1 for single and multiple for >1 segments (1 per segment and 1 per numerology inside a wide segment)

	FFT
	Single or Multiple depending on numerology multiplexing inside the band
	Single or Multiple, depending on numerology and gap between two allocations



When data is transmitted over wider BW channels, coverage aspects must be studied because the available power is now spread over wider bandwidth. However, this can be addressed via physical layer mechanisms such as boosting, repetition etc. If a UE is coverage limited, it can be configured to operate over a smaller BW as considered in LTE for coverage enhancements. 
RAN4 needs to inform RAN1 of the time a NR UE is expected to require for switching between various BWs in a same carrier frequency, such as for example for switching between a subband for monitoring DL control channels to a wide BW for receiving DL data channels.. 
Proposal 3: Ask RAN4 to inform the time gaps needed for switching between various BW for NR.
Multiplexing services
Multiplexing multiple services such as eMBB, URLLC is one of the main aspects under NR study. When such diverse requirement scenarios must operate in conjunction, it is necessary to analyze the best mechanisms to handle such operation while also satisfying respective service goals such as reliability and latency in case of URLLC, for example. Dual Connectivity based solutions may not always help due to the associated non-ideal backhaul. Further, the aggregation level used (lower layer such as MAC-level aggregation or higher layer such as PDCP level aggregation), may impact the overall processing time. In such cases, the single carrier solution is very attractive considering the fact the both RAN1 agreed to study multiplexing of services within the same band, for example eMBB and URLLC multiplexing and can be handled via physical layer processing which can be faster. The tradeoff between retuning the BW versus configuring a new carrier for multiplexing of the various services needs to be studied in detail. However, note that multiplexing different numerologies within same band is similar to CA and not much difference in terms of operations is expected in this case.
Proposal 4: The tradeoff between retuning the BW versus configuring a new carrier for multiplexing of the various NR services needs to be studied.
Summary
In this contribution, we discussed various aspects about supporting wider BW for NR and the following observations/proposals are made – 
Observation 1: No changes, with respect to LTE, from operational perspective are needed for CA and DC when wider BW is considered.
Observation 2: Channel bonding is a proven mechanism that can be considered to support single-carrier operation of wide BW in NR.
Observation 3: UE hardware aspects, such as supported FFT size, and the numerology in a given frequency band are important factors in determining a BW that can supported for single-carrier operation.

Proposal 1: Study channel bonding as a mechanism for wide BW single carrier operation in NR.
Proposal 2: The positioning of the control and data channels in the considered BW must be studied while keeping UE capability in consideration.
Proposal 3: Ask RAN4 to inform the time gaps needed for switching between various BW for NR.
Proposal 4: The tradeoff between retuning the BW versus configuring a new carrier for multiplexing of the various NR services needs to be studied.
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