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1. Introduction 
In RAN1#86b, support of wide bandwidth operations over around 1GHz contiguous spectrum was agreed to be studied for both carrier aggregation and single carrier operations, as captured below:
· 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
This contribution discusses support of wide bandwidth operations, taking into account both network and UE aspects. As a wide bandwidth in the order of GHz is considered in NR, flexible configuration of carrier aggregation modes are taken into account from both network and UE perspectives.
2. Wide bandwidth support
In LTE, the maximum bandwidth per component carrier (CC) is 20 MHz and the channel bandwidth configurable by the networks are 1.4/3/5/10/15/20 MHz. LTE UEs mandatorily support all the channel bandwidths [1] and its bandwidth in RRC connected state is configured as equal to the channel bandwidth of the eNB.

In NR, support of around 1GHz contiguous wide bandwidth is considered. Straightforward approach is to define a reasonable maximum bandwidth per CC (e.g., around 100 MHz) and to support a wider bandwidth by aggregation of component carriers (via carrier aggregation or dual connectivity) as done in LTE. Then, all NR UEs can be mandated to support the maximum bandwidth per CC and carrier aggregation can be configured when a wider bandwidth support is required. 
Contiguous spectrum of GHz order wide bandwidth can be provisioned in NR licensed spectrum. To operate the wide bandwidth via aggregation of small bandwidth component carriers may not be efficient in terms of operation complexity, signalling overhead and resource utilization. The carrier aggregation operates each CC as a separate cell and each CC has its own PHY, MAC/RLC and RRC protocol entities. If gNB is capable, it seems desirable to operate the wide bandwidth via a single carrier configuration with a minimal number of protocol entities. This can bring the benefits that signalling overhead such as scheduling DCI, UE feedback, CRC and L2/L3 signalling decreases in accordance to reduction in the number of configured carriers and a single entity of L1/L2/L3 protocol stack can deal with the entire wide bandwidth. Whether to operate via a single wide carrier or multiple carriers configuration can be up to the network decision considering deployment and service scenarios and gNB’s capability. 

For the support of wide bandwidth operation in NR, UE’s bandwidth capability should be taken into account as well. Unlike that LTE UEs mandatorily support up to 20 MHz bandwidth per carrier, implementation to support GHz order wide bandwidth may not be realistic to mandate to all NR UEs due to potential issues in terms of complexity and cost. To segment the UE’s bandwidth capability into multiple categories seems reasonable, for example, 100 MHz, 500 MHz, 1 GHz, 2 GHz and so on. For an example, in cases that an NR network configures a 1 GHz contiguous channel bandwidth with a single wide carrier, even UEs with bandwidth capability of 100 MHz and 500 MHz should be able to get connected and served in the NR network.  Then, depending on the bandwidth capability of each UE, different bandwidths can be configured to different UEs within a wideband NR carrier.
Based on the discussions above, we propose the followings to support wide bandwidth operations in NR. 
Proposal 1: wide bandwidth support
· Wide bandwidth of 1 GHz (T.B.D.) can be supported in single wide carrier or multiple carriers mode by network configuration.
· Different UEs can be configured different bandwidths within an NR carrier.
3. UE specific configuration of carrier modes
Depending on network deployments and spectrum arrangement, the network can prefer to configure either single wide carrier or multiple carriers mode in order to efficiently support wide channel bandwidth. In case of non-contiguous spectrum, the wide bandwidth operation is supported in multiple carriers mode naturally in accordance to the spectrum arrangement of the non-contiguous carriers. However, in case of contiguous spectrum, to operate the spectrum in carrier aggregation using multiple carriers can be preferred in some cases, either in network perspective or even in UE perspective. Especially, in order to accommodate various bandwidth capabilities of NR UEs, to configure either in a single carrier or multiple carriers mode in a UE specific manner can be considered as well along with UE specific bandwidth configuration. 
The following provides example cases and configuration of the carriers in order to support a given wide channel bandwidth, taking into account various situations of the network or/and UEs. 
· Case 1: spectrum BW 1 GHz, gNB can support up to 100 MHz BW per carrier and 20 CCs in carrier aggregation.
· Ten 100 MHz CCs comprise 1 GHz aggregated channel bandwidth and this configuration applies to all UEs.
· Case 2: spectrum BW 500 MHz, gNB1 (or TRP1) and gNB2 (or TRP2) can support 200 and 400 MHz BW per carrier, respectively.
· Carrier aggregation of 200 MHz and 300 MHz carriers, 200 MHz on lower frequency by gNB1 (or TRP1) and 300 MHz on higher frequency by gNB2 (or TRP2).
· Case 3: spectrum BW 100 MHz, a LTE network coexists with 20 MHz BW in the lowest frequency region and some LTE eNBs have been upgraded to NR gNBs.
· One carrier is configured with 20 MHz BW by the upgraded gNB, and another carrier is configured with 80 MHz BW.
· Case 4: spectrum BW 1 GHz, UE#1 is capable of 100 MHz BW per carrier and aggregating 5 CCs, UE#2 is capable of 1 GHz per carrier.
· UE#1 and UE#2 are configured with five 100 MHz carriers and a single 1 GHz carrier, respectively.
Case 4 above is illustrated in Figure 1. The UEs #1~#5 can be configured different carrier aggregation modes and/or different bandwidth per carrier. It should be noted that carrier aggregation configuration does not necessarily imply that each of the aggregated carriers is supported by separate RF components. In case of contiguous spectrum, either single RF or multiple RF implementation can be employed to support carrier aggregation. Whether to operate in a single wide carrier or multiple carriers mode is more about the operations in baseband and L1/L2/L3 protocol perspectives. Even when a single RF can support a wide bandwidth of 1 GHz, baseband implementation based on multiple carriers mode can be preferred, due to benefits of sharing baseband implementation for both non-contiguous and contiguous spectrum arrangements. Also, support of high sample rate and large FFT size by a single baseband corresponding to a 1 GHz bandwidth can be challenging.
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Figure 1. UE specific configuration of carrier modes.

To support a wide channel bandwidth via a single carrier is beneficial in multiple aspects. It leads to less overhead in signalling and operations than when UEs operate on multiple carriers. A single DCI can schedule over the wide channel bandwidth with less overhead than using multiple DCIs for the respective carriers in carrier aggregation as in LTE.  A single power control process for each of UL data and UL control channels can cover the configured channel bandwidth instead of maintaining multiple power control processes for the respective carriers. Also, a single set of L1/L2/L3 protocol entities are sufficient to support high data rate corresponding to a wide channel bandwidth, and mobility procedures. Lastly, a single RRC configuration can configure the parameters and procedures over the wide channel bandwidth, instead of performing multiple RRC configurations for the respective carriers.
Based on the above discussions, we propose to support UE specific configuration of carrier aggregation modes within an NR carrier.
Proposal 2: UE specific wide bandwidth configuration
· Whether to operate in a single wide carrier or multiple carriers mode is configured in a UE specific manner.
· UEs in the different modes can co-exist within an NR carrier.
4. Conclusion 

In this contribution, we have discussed support of wide bandwidth operations. Single wide carrier or multiple carriers modes can be configured taking into spectrum arrangement and network deployments as in LTE. In addition, bandwidth of each UE within a carrier and carrier aggregation modes can be configured in a UE specific manner, taking into account wide channel bandwidth of around 1 GHz and various range of UE bandwidth capabilities. 
Proposal 1: wide bandwidth support
· Wide bandwidth of 1 GHz (T.B.D.) can be supported in single wide carrier or multiple carriers mode by network configuration.
· Different UEs can be configured different bandwidths within an NR carrier.
Proposal 2: UE specific wide bandwidth configuration
· Whether to operate in a single wide carrier or multiple carriers mode is configured in a UE specific manner.
· UEs in different CC modes can co-exist within a carrier.
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