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1   Introduction

Bandwidth part operation has been actively discussed in RAN1, which allows a UE supporting narrow bandwidth to be able to connect to a NR cell with wide bandwidth. Based on this, the cell bandwidth is sub-divided in to multiple bandwidth parts and UE performs transmission/reception on one of the bandwidth parts configured by the network. In relation to the same, RAN1 has also agreed to support bandwidth part switching/adaptation for a UE which allows efficient power saving and load balancing for the network [1]:
RAN1 Agreements (#90)
· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established

· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band

· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda

· Support activation/deactivation of DL and UL bandwidth part by explicit indication at least in (FFS: scheduling) DCI

· FFS: In addition, MAC CE based approach is supported

· Support activation/deactivation of DL bandwidth part by means of timer for a UE to switch its active DL bandwidth part to a default DL bandwidth part

· The default DL bandwidth part can be the initial active DL bandwidth part defined above 

· FFS: The default DL bandwidth part can be reconfigured by the network

· FFS: detailed mechanism of timer-based solution (e.g. introducing a new timer or reusing DRX timer)

· FFS: other conditions to switch to default DL bandwidth part

· When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement gap

· FFS: details of measurement gap configuration

· During the measurement gap, UE is not expected to monitor CORESET

Given that bandwidth part switching/adaptation can have significant impact on scheduling operation of UE, in this paper we discuss the SPS procedure when UE is configured with multiple bandwidth parts.

2   Discussion
The motivation of Bandwidth Part (BWP) configuration is to support wider cell bandwidth as compared to maximum bandwidth capability of UE. UE can be configured by network and operate on a BWP which is less than or equal to the maximum bandwidth supported by the UE. Note that BWP is less than or equal to the cell bandwidth. 
For improved energy efficiency and load balancing, network can configure multiple UL/DL bandwidth parts to the UE and provides commands to UE regarding which UL/DL bandwidth part can be used by UE at any time instance during connected mode. The network can command the UE to switch a UL/DL bandwidth part based on L1 signalling or timer based operation (e.g. DRX timer) or RRC configuration, although the detailed mechanism still needs to be agreed. A BWP where UE performs transmission/reception at any given point is referred to as active BWP. Although physical layer specification would allow UE to have multiple active BWPs simultaneously, for initial NR release, UE is assumed to have only one active BWP at any time (i.e. concurrent transmission/reception on multiple BWPs is deprioritized for initial NR release).
Observation 1 UE can be configured with multiple bandwidth parts for each component carrier

Observation 2 UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology
Observation 3 RAN1 is prioritizing single active BWP per cell for initial NR release

Given that UE can only be configured with one SPS configuration per cell and a SPS configuration in LTE points to a single radio resource for SPS transmission, if UE switches to a BWP which does not contain the configured SPS resource, UE would not be able to perform SPS transmissions. For VoIP based service this may only lead to increase in number of SR transmissions due to UE demanding dynamic resources, but implication can be quite severe for URLLC traffic which may experience increased delays.
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Observation 4 SPS transmissions are affected if active BWP does not contain SPS resources

Observation 5 Failure to use SPS resources may result in increased latency for URLLC based services
Based on the above discussion about active BWP there can be a few options for SPS scheduling which can be considered:

1) UE cannot perform Tx/Rx on a BWP other than active BWP. In this case, UE always skips or deactivates SPS resources if SPS is not configured for active BWP.
2) UE may perform SPS Tx/Rx even if SPS is not configured for active BWP.

3) Network ensures that SPS resource is always configured for active BWP, this may involve configuring multiple SPS resources for different BWPs. UE perform SPS Tx/Rx on the resource which is configured on the active BWP.
4) Left to network implementation to reduce data interruption time

Note that 1st point is likely to increase delay experienced by UE for URLLC based transmissions, because UE would not be able to use SPS resources for long durations. However, with respect to standardization efforts, it is the simplest option among the three. The option becomes more attractive considering the small time left for completing the first release of NR specification. Note that autonomous deactivation of SPS resource would require network to activate the SPS resource again after active BWP is changed to BWP where SPS is configured, so skipping of SPS resources seem more preferable from operational perspective.
 2nd point although seems more efficient, the mechanism needs to be agreed by RAN1 and RAN1/RAN2 would be required to analyze the restrictions on scenarios where SPS transmissions can be performed, for e.g. prioritization between control or data transmissions in active BWP and SPS transmissions. Note that RAN1 has already agreed that SRS transmissions can be performed outside the active bandwidth part, for such case UL transmissions are stopped in active BWP during SRS transmission occasions (similar to measurement gap). Hence, using similar procedure for SPS transmissions may bring additional complications, which can be avoided for first NR release. 

If UE is not allowed to perform UL SPS transmissions outside active BWP, another approach to perform SPS transmission is by allowing network to always configure SPS resources in one of the active BWP(s) (i.e. Option 3) such that UE can use SPS resources configured on the active BWP. Note that configuring SPS resource every time UE switches BWP would result in high RRC signaling overhead and may result in delay of SPS transmissions. Ahead of time SPS resource configuration is more attractive, which may involve configuring multiple SPS resources to UE on different BWPs. However, this solution may also bring up more detailed issues for e.g. HARQ procedures when BWP is switched, details of SPS C-RNTI, etc.
Based on the above analysis, it seems preferable to prioritize mechanism where SPS Tx/Rx are skipped when active BWP does not contain SPS resource. The more optimized solution can be looked in detail when skipping procedure is completely specified. Note that for more optimized solution we first need to discuss whether network implementation for SPS configuration is sufficient to reduce data interruption time for SPS. For example, network can ensure that UE does not perform bandwidth part switching if SPS is configured for URLLC traffic. 

Proposal 1: RAN2 is requested to specify one of the below options for SPS scheduling for December 2017 NR release:
a. Skipping SPS Tx/Rx when SPS resources are not configured in active BWP

b. Autonomous deactivation of SPS when UE switches to a BWP where SPS resources are not configured
Proposal 2: RAN2 is requested to discuss the requirement to reduce SPS interruption time due to bandwidth part switching
3   Conclusion
Following observations and proposals are made in this paper:
Observation 1
UE can be configured with multiple bandwidth parts for each component carrier
Observation 2
UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology
Observation 3
RAN1 is prioritizing single active BWP per cell for initial NR release
Observation 4
SPS transmissions are affected if active BWP does not contain SPS resources
Observation 5
Failure to use SPS resources may result in increased latency for URLLC based services
Proposal 1:
RAN2 is requested specify one of the below options for SPS scheduling for December 2017 NR release:
a. Skipping SPS Tx/Rx when SPS resources are not configured in active BWP
b. Autonomous deactivation of SPS when UE switches to a BWP where SPS resources are not configured
Proposal 2:
RAN2 is requested to discuss the requirement to reduce SPS interruption time due to bandwidth part switching
4   Reference

[1] R1-171xxxx, “Draft Report of 3GPP TSG RAN WG1 #90, Prague Czech Rep”, ETSI MCC
[image: image1]