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1. Introduction 
3GPP has recently completed the Rel-15 New Radio (NR) Access Technology Work Item [1], where the 5th generation or 5G radio access network is specified. One of the NR functionalities specified in this Work Item is Ultra Reliable & Low Latency Communications (uRLLC). Two important requirements for uRLLC are [2]:

· Low latency: The required latency measured from the ingress of a layer 2 packet to its egress from the network, is at most 1ms.
· Reliability: The requirement for uRLLC is a reliability of 1-10-5 (99.999%) for one transmission of a 32 byte packet
In Rel-15, the reliability aspect of uRLLC is addressed through the use of LDPC codes, low coding rates (with low spectral efficiency), high aggregation levels for control channels and the support of multiple antennas at both the transmitter and receiver. Introduction of a new CQI table, having entries with low spectral efficiency, allows uRLLC to operate in a spectrally efficient manner, where the scheduled modulation and coding scheme (MCS) can be chosen to meet the reliability criteria in the current channel conditions.  

In Rel-15, the low latency aspect is addressed through the use of short scheduling interval, mini-slot, self-contained slot, on the fly decoding and giving a higher priority transmission for uRLLC than eMBB due to stringent delay requirements. In case of multiplexing of uRLLC and eMBB, the uRLLC transmission can pre-empt an existing transmission of eMBB in the same slot.

Furthermore, Rel-15 supports multiple bandwidth parts (BWP) in a carrier bandwidth where these bandwidth parts could have different numerologies (such as subcarrier spacing, CP length). However, one BWP can be active at a given time for a UE which may not provide best performance for all involved services.
In this contribution, we discuss the benefits of multiple bandwidth parts (BWP) for low latency services such as uRLLC.

2. Discussion
In Rel-15, the purpose of bandwidth part (BWP) is to reduce the power consumption at the UE in which Bandwidth Adaptation (BA) is employed to receive or transmit data as expected by the UE. When UE has large data to receive and/or transmit, a wide pipe of bandwidth is opened (i.e. activated) while in case of small data or no data transmission/reception (i.e. low activity or idle) a narrower BWP is activated. Before activation, a UE should be configured in advance a number of BWPs (up to 4) within a carrier system bandwidth. These BWPs can have different configuration parameters (e.g. sub-carrier spacing, CP length) to enable to handle different services such as eMBB and uRLLC. However, only TDM multiplexing of BWPs with different configurations is supported in Rel-15.

Different services have different QoS requirements in terms of reliability and latency. In practice, to achieve low latency data transmission, services similar to uRLLC demand either a shorter TTI resulting a higher subcarrier spacing (e.g. 30 KHz, 60 KHz) or demand mini-slot based scheduling. Therefore, it is reasonable to support frequency domain multiplexing (FDM) of different services using multiple BWPs with different numerologies or with different scheduling types (slots / mini-slots). This requires multiple BWPs to be activated at the same time for services with different QoS requirements.
Observation: Services similar to uRLLC demand either a shorter TTI resulting a higher subcarrier spacing (e.g. 30 KHz, 60 KHz) or demand mini-slot based scheduling to achieve a low latency data transmission.

Proposal: Study how to support multiple active BWPs with different configurations (e.g. numerologies or slot / mini-slot based scheduling types) for services with different QoS requirements.

Furthermore, while supporting multiple active BWPs, it is straightforward to extend the concept of bandwidth adaptation (BA) to multiple active BWPs, for example as shown on Figure 1 below where two or more BWPs are activated at the same time. In this scenario, a UE is configured with three BWPs, namely BWP1, BWP2 and BWP3, where BWP2 is chosen to be the default BWP. Initially BWP1 and BWP3 are activated for example for receiving different services such as eMBB and uRLLC respectively. As can be seen when there is no activity on BWP1, the UE switches to default BWP2, (i.e., after an inactivity timer expires) while BWP3 still has a data transmission for the UE. As time progresses, BWP3 also becomes inactive, hence, UE falls back to the default BWP. 
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Figure 1. Multiple active BWPs
On the right side of Figure 1, while default BWP2 is still active, BWP3 has again become active for uRLLC service. However, as soon as BWP1 is activated for high date rate transmission, default BWP2 is deactivated because they both have similar numerologies and either can serve for eMBB service depending on amount of data transmission.
3. Conclusion
In this contribution, we discussed the benefits of multiple bandwidth parts (BWP) for low latency services such as uRLLC.

Observation: Services similar to uRLLC demand either a shorter TTI resulting a higher subcarrier spacing (e.g. 30 KHz, 60 KHz) or demand mini-slot based scheduling to achieve a low latency data transmission.

Proposal: Study how to support multiple active BWPs with different configurations (e.g. numerologies or slot / mini-slot based scheduling types) for services with different QoS requirements.
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