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1 Introduction
In RAN1#86bis, NR wider bandwidth operation was discussed and the following was agreed: 
	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:
· Study at least the following aspects for NR carrier aggregation / dual connectivity
· Intra-TRP and inter-TRP with ideal and non-ideal backhaul scenarios
· Number of carriers
· The need for certain channels, e.g. downlink control channel, uplink control channel or PBCH for some carriers
· Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback
· TB mapping, i.e., per carrier or across carriers
· Carrier on/off switching mechanism
· Power control
· Different numerologies between different/same carrier(s) for a given UE
· FFS: whether/if different numerologies are multiplexed on one carrier for one UE is called carrier aggregation / dual connectivity



Furthermore, some additional points on CA/DC were agreed in RAN1#87:
	Agreements:
· NR should provide support for carrier aggregation, including different carriers having same or different numerologies.
Agreements:
· For phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported
· [4 - 32] should be assumed for further study of the maximum number of NR carriers
· RAN1 will try to decide the exact number in this week
· Cross-carrier scheduling and joint UCI feedback are supported
· Per-carrier TB mapping is supported
· FFS TB mapping across multiple carriers



This contribution continues the discussion on NR wider bandwidth operation to support over e.g., around 1GHz contiguous spectrum. 
1 
2 
2 Guard band with and without carrier aggregation (CA)
In LTE, six individual channel bandwidths and associated transmission bandwidth configurations are defined for one LTE carrier (except for NB-IoT) [TS36.101]. 10% guard band relative to channel bandwidth is assumed for spectrum shaping in case of channel bandwidths larger than 1.4 MHz.
Table 1: LTE channel bandwidth and transmission bandwidth configuration (TS36.101)
	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100



Figure 1 shows the relation between the Channel Bandwidth (BWChannel) and the Transmission Bandwidth configuration (NRB) without CA (left hand figure). Figure 1 also illustrates Aggregated Channel Bandwidth, Aggregated Transmission Bandwidth Configuration and Guard Bands for intra-band contiguous CA (the details are defined in TS36.101).
For a given contiguous spectrum, LTE has no difference in terms of guard band size between single carrier and CA operation since relative ratio, e.g., 10%, is applied. In case of CA, there is a room to adjust the channel spacing between two adjacent component carriers to any multiple of 300 kHz less than the nominal channel spacing to optimize performance in a particular deployment scenario.
For NR, the guard band assumption with and without CA would be similar with LTE while the spectrum efficiency can be improved further.
	[image: ][image: ]


Figure 1: LTE channel bandwidth (left) and aggregated channel bandwidth (right) (TS36.101)
3 NR wider bandwidth operation: CA/DC vs. single carrier
For a given contiguous wider spectrum, CA/DC and single carrier operation can be differentiated as following:
CA/DC
Assuming LTE CA/DC operation as a baseline,
· It is possible to configure a UE to aggregate a different number of CCs and different bandwidths in the UL and the DL (DL/UL asymmetry).
· It provides component carrier specific link adaptation at the cost of associated signaling. 
· It enables reasonable UE battery consumption by means of SCell activation/deactivation.
· NW energy saving can be facilitated using cell on/off. A cell whose downlink transmission is turned off may be configured as a deactivated SCell for a UE.
· It incurs signaling overhead both in DL and UL in proportion to the number of aggregated CCs. In case of UL HARQ feedback, a proper multiplexing operation would be needed for UL coverage limited UEs.
· CA/DC functionality is not limited to contiguous spectrum.
· Larger standard efforts would be required to specify RF requirements for each CA/DC band combination.
· When different carriers have different numerologies, it would impact on the timing of cross-carrier scheduling and UCI multiplexing for joint UCI feedback. 
Single carrier operation
· The necessary signaling for scheduling grant can be kept smaller than that of CA/DC. Specifically, the difference comes from whether the control information fields, e.g., HARQ related information, MCS, and CRC, should be duplicated (CA/DC) or not (single carrier operation). The signaling for resource assignment field can be saved as well by single carrier operation. Table 2 shows the example of resource assignment bit size for CA/DC and single carrier operation, respectively.
Table 2: Example of resource assignment bit size: CA/DC and single carrier operation
	
	CA/DC
	Single carrier operation

	Assumption
	Total BW = 2 x carrier BW (i.e. 2 CCs)

Carrier BW, = 100 PRBs
RBG size (P) = 4
	Total BW = carrier BW

Carrier BW, = 200 PRBs
RBG size (P) = 4, 8

	Resource allocation type 0/1


	50 bits / total BW
(25 bits / CC)
	50 bits / total BW (P=4)
25 bits / total BW (P=8)

	Resource allocation type 2


	26 bits / total BW
(13 bits / CC)
	15 bits / total BW



· Less number of UE blind decoding attempts can be achieved which would enable less UE power consumption. On the other hand, for each blind decoding attempt, the amount of control signalling would be larger for single carrier operation. 
· Assuming single HARQ entity, HARQ feedback can be simplified and this is in turn material for UL transmission.
· Contiguous wide spectrum is less available or is locally available.
· It can be possible to make the modem form factor smaller, e.g., by employing a single RF.
· Implementation feasibility should be further studied. Basically, a single wideband RF (LNA, mixer, local oscillator, PA, etc.) and a single wideband baseband (ADC/DAC, FFT/IFFT, decoder/encoder, buffer, etc.) would be required. For example, ADC implementation with several hundreds of MHz sampling rate is not yet mature in the mobile industry. Table 2 shows example sampling rate and channel bandwidth for various subcarrier spacing assuming 2048-FFT as in LTE. In table 3, the channel bandwidths are simply scaled from the reference case, i.e. LTE.
Table 3: Example sampling rate and channel bandwidth for various subcarrier spacing
	subcarrier spacing (kHz)
	FFT size
	sampling rate (MHz)
	Channel bandwidth (MHz)

	15
	2048
	30.72
	20

	30
	2048
	61.44
	40

	60
	2048
	122.88
	80

	120
	2048
	245.76
	160

	240
	2048
	491.52
	320

	480
	2048
	983.04
	640


4 Conclusions
This contribution compares CA/DC and single carrier operation to support NR wider bandwidth operation. The discussion points for further study would include signalling overhead, UE/NW energy saving, implementation feasibility, cost, etc.
Taking LTE CA operation as a baseline, CA/DC provides NW configurability in flexible spectrum usage for a UE, e.g., DL/UL asymmetric configuration or for non-contiguous spectrum. CA/DC can facilitate UE/NW energy saving by means of SCell activation/deactivation functionality.
[bookmark: _GoBack]On the other hand, single carrier operation demands less signalling overhead assuming single HARQ entity across entire bandwidth. Further, the number of UE blind decoding operations and associated UE power consumption would be reduced accordingly. The implementation feasibility and associated cost should be identified further in both RF and baseband aspects.
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