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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
Also, support of bandwidth adaptation was agreed in RAN1#86b, as follows:

· 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
This contribution discusses DL/UL bandwidth configuration and scheduling in wide channel bandwidth with taking into account bandwidth adaptation. 
2. DL and UL bandwidth configuration
In LTE, the channel bandwidth configurable by the networks are 1.4/3/5/10/15/20 MHz, and LTE UEs mandatorily support all the channel bandwidths [1].  The configured bandwidth of all the UEs in RRC connected state is equal to the channel bandwidth of the eNB. In addition, the UL channel bandwidth is equal to the DL channel bandwidth in LTE TDD [2].
In NR, as per the agreements captured above and also as discussed in our companion contribution [3], the bandwidth configured to a UE can be smaller than the channel bandwidth of the NR network, and can also be smaller than the bandwidth which the UE is capable of supporting. This limited bandwidth operation can help the UEs to reduce power consumption by decreasing the RF Tx/Rx bandwidth and the sample rate at baseband. 
To support configuring different bandwidths between DL and UL can be considered in NR TDD unpaired spectrum operations. Then, transmission and reception of all the DL and UL signals and channels for the UE will be confined within the configured channel bandwidth for DL and UL, respectively. For example, the bandwidth for DL control channel and the bandwidth for UL control channel and SRS (Sounding RS) can be different. Specifically, the bandwidth for DL control channel reception for a UE can be smaller than the DL channel bandwidth configured to the UE for the purpose of power saving as in the agreement captured above from RAN1#67b. On the other hand, the bandwidth for UL control channel and SRS can be as large as the UL channel bandwidth configured to the UE so as to maximize frequency diversity gain for the UL control channel and channel sounding for data transmission. Since UL physical signals and channels have latency from when their transmission is scheduled or configured, it may not be so necessary to configure different bandwidths between the signals and channels.
As to the data channels, the configured bandwidth for DL and UL can be different as well. In usual cases, DL provides higher data rate than UL. Thus, larger bandwidth may better be configured in DL than in UL, as shown for UE#2 in Figure 1. Also, we can consider opposite cases that larger bandwidth is configured for UL than DL for the UE, e.g., when the UE is located in a stadium and performs a video streaming of the game in play. 
In cases that a smaller bandwidth is configured for UL than DL or different frequency region is configured between DL and UL in unpaired spectrum operations, to exploit the channel reciprocity through channel sounding by UL SRS with narrower bandwidth may be hard to apply. Then, if channel sounding operation is required, gNB can signal to the UE to activate aperiodic SRS transmission on the corresponding frequency region with the same bandwidth as DL. Another approach is to apply frequency hopping of the UL channel bandwidth configured to the UE in a pre-determined periodicity. Frequency hopping of the DL and UL regions configured to the UE can provide frequency and interference diversity between HARQ retransmissions. 
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Figure 1. An example configuration of DL and UL bandwidth.
Based on the discussions on DL and UL bandwidth configurations above, we propose the followings.
Proposal

· Different bandwidth can be configured between DL and UL for a UE.
· DL and UL frequency regions configured to the UE can hop to different frequency regions within an NR carrier according to a pre-determined pattern and periodicity.
3. Scheduling in wide bandwidth
In this section, we discuss scheduling of the UEs in a wide bandwidth scenario in which different UEs are configured with different bandwidths or in different carrier aggregation modes, as shown in Figure 2. This example scenario is provided in our companion contribution [3] which discusses operations to support wide channel bandwidth in NR. The contiguous spectrum of 1 GHz bandwidth is assumed in Figure 2. As proposed in [3], we assume that whether to operate in a single wide carrier or multiple carriers mode can be configured in a UE specific manner, considering each UE’s capability on per-carrier bandwidth and carrier aggregation support such as the number of component carriers.
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Figure 2. UE specific configuration of carrier modes.
In Figure 2, UE#1 can support 100 MHz BW per carrier and aggregating up to five 100 MHz carriers within the 1 GHz bandwidth. On the other hand, UE#2 can support 1 GHz BW per carrier without relying on carrier aggregation and thus cover the entire 1 GHz bandwidth with a single carrier. UE#3 and UE#4 are configured with single 500 MHz and 100 MHz carriers, respectively. UE#5 is configured with three 100 MHz carriers. 
In cases that cell search and initial access should be supported on each of the 100 MHz BW component carriers, each component carrier can transmit its own DL synchronization signals and physical broadcast channel to carry essential system information. This will increase the overhead in the network perspective and also in UE#2 and UE#5 perspective who covers a wide bandwidth using a single carrier. As an alternative approach, the synchronization signals and physical broadcast channel can be sent in the center or a single frequency region within the 1 GH wide channel bandwidth. In this case, the UEs whose bandwidth is smaller than 1 GHz would need to re-tune its carrier frequency to the one corresponding to the configured component carrier after completing the cell search. It is noted that this re-tuning of RF carrier frequency actually occurs whenever the UE is configured to a component carrier different than the carrier where the UE performed cell search. This is not directly related with whether the synchronization signals are sent on all the component carriers or only in the center of the channel bandwidth. 
As to the data scheduling, PRB allocation fields in DL and UL grant DCIs would have sizes (# of bits) and definition corresponding to the respective DL and UL bandwidths configured to the UE. If the configured bandwidth is narrow, the RB allocation field will require as less number of bits as the narrow bandwidth. For UE#1, a straightforward approach for data scheduling is that DL/UL grants are separately transmitted on each of the five components carriers. For UE#2, a single DCI can schedule data transmission over the entire 1 GHz bandwidth because a single carrier is configured to the UE for the entire 1 GHz bandwidth. However, in cases that the operating bandwidth for the UE#2 is tentatively confined to a small frequency region, e.g., 50 MHz BW, for both DL and UL, then the DL/UL grant DCIs can have smaller RB allocation fields corresponding to the confined frequency region. If the 50 MHz BW frequency region does frequency hopping with time, the PRBs indicated by the DCI changes accordingly and correspond to the current frequency region after the frequency hopping. In addition, in order to support data scheduling over the entire bandwidth configured to UE#2, additional DCI format corresponding to the 1 GHz bandwidth can be configured to the UE. 

Observation
· RB allocation fields in DL and UL grant DCIs have sizes and definition corresponding to the respective DL and UL bandwidths configured to the UE.
4. Conclusion 

In this contribution, we discussed DL/UL bandwidth configuration and scheduling for wide channel bandwidth scenarios. We propose to support separate configurations for DL and UL as follows:
Proposal

· Different bandwidth can be configured between DL and UL for a UE.
· DL and UL frequency regions configured to the UE can hop to different frequency regions within an NR carrier according to a pre-determined pattern and periodicity.
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