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1	Introduction
RAN1 has introduced bandwidth parts (BWP) for NR. BWPs have not been discussed in details under the RRM topic, but now RAN1 has sent an LS [1] to RAN4, where they indicate that it is up to RAN4 to define the range of the transition time delays of active BWP switching, and to decide whether the transition times are reported to the network as a dedicated UE capability.
Agreements:
· The value range of the transition time(s) of active BWP switching are up to RAN4 and it’s also up to RAN4 to decide whether the transition time(s) of active BWP switching is reported to the network as dedicated UE capability or not.
In this contribution, we first try to open the RAN1 BWP design, and based on that we discuss the transition times of active BWP switching, which are to be decided by RAN4.
2	Discussion
Below in section 2.1, we first try to open the RAN1 agreements about BWPs. The discussion is based on RAN1 agreements made until RAN1#91 meeting. In section 2.2 we discuss the transition times of active BWP switching, which is indicated for RAN4 discussion in the LS.
2.1 Background
BWP is a set of continuous PRBs within a band in a given cell on a network carrier in NR. I.e. the network can decide to split the cell bandwidth into different bandwidth parts. UE is not necessarily aware of the cell bandwidth; it knows only about the BWPs that are configured for each cell. In unpaired spectrum, UL an DL BWPs may be configured separately and independently for each UE and each cell. For unpaired spectrum, DL BWP and UL BWP are jointly configured as a pair, with the restriction that the DL and UL BWPs of such DL/UL BWP pair share the same centre frequency, but may be of different bandwidths. 

UE is configured with default BWP in each NR cell: PCell, PSCell and SCells. The default DL BWP can be configured/reconfigured. If no default DL BWP is specifically configured, the default DL BWP is the initial active DL BWP of the cell. 

In Rel-15 only one BWP can be active at a time, and CSI measurements are only done within the active BWP. The BWP of a cell may be changed dynamically using L1 DCI command. The BWP may be changed flexibly within any configured BWP of the cell:
1) From default BWP to non-default BWP
2) From non-default BWP to default BWP
3) From one non-default BWP to another non-default BWP

RAN1 has also introduced an optional timer, enabling UE to switch back from any active BWP to the default BWP. The timer is started when the UE switches from its active DL BWP to any non-default DL BWP (or DL/UL BWP for unpaired spectrum, from now on in this paper just called ‘BWP’). The timer is restarted to the initial value when the UE successfully decodes a DCI to schedule PDSCH or PUSCH in its active BWP pair. The timer expires if the UE has not detected a DCI addressing the UE in the non-default BWP for X ms, where X is configured together with the timer. When the timer expires the UE will switch back to the default BWP.  

2.2 BWP switching delay
The transition time of active BWP switching, which is indicated for RAN4 discussion in the RAN1 LS, is the time it takes to switch from one BWP to another. With the above discussion, this includes the cases when: 
1) The BWP is switched because of DCI command,
2) When switching back to default BWP because of expiring timer on a non-default BWP. 

In case 1), the transition time can be seen as the time between receiving the DCI command to switch or activate the indicated BWP, and the first symbol where UE is ready to receive PDSCH or PDCCH, i.e. when the network can schedule the UE in the new BWP (default or non-default). In case 2), the transition time is the time between expiration of the timer, and the first symbol where PDSCH or PDCCH can be received by the UE in the default BWP. A simple illustration of the two cases is shown in Figure 1. 
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Figure 1: BWP switching options.

Observation 1: The UE may switch active BWP due to: 1) requested by DCI command, and 2) timer expiration making the UE switch back from non-default BWP to default BWP. 

Observation 2: The BWP switching time can be seen as:
1) DCI command based BWP switching: Time from receiving the DCI command to the first symbol where PDSCH or PDCCH can be received by the UE in the new BWP
2) Timer expiration based BWP switching: Time from the timer expiration to the first symbol where PDSCH or PDCCH can be received by the UE in the new BWP

RAN4 should define UE requirements for these two cases of BWP switching, and discuss whether the transition time for the cases is different or same.

Proposal 1: RAN4 shall define UE requirements for the different BWP switching cases as listed in Observations 1 and 2.

The transition time may depend on a few factors. Firstly, the bandwidth and the centre frequency of the active BWP and the new BWP may impact the delay. From deployment point of view, there are three cases:
1) New BWP is overlapping with the active BWP and has the same center frequency,
2) New BWP is overlapping with the active BWP and center frequencies are different,
3) New BWP and active BWP are not overlapping.
The cases are illustrated in a simplified manner in Figure 2. RAN4 should discuss whether BWP switching delay needs to be different for these cases under some specified conditions.
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Figure 2: Active BWP vs. new BWP cases.

Observation 3: BWP switching delay may depend on the bandwidth and location of the active and new BWP.

Furthermore, depending on the BWP bandwidth, different UE implementations have also been under discussion:
1) One RF covers the whole BWP
2) Two or more RFs cover the BWP
RAN4 may need to discuss impact from differing UE implementations. If more than one RF is used for a BWP, switching the BWP may take longer.

Observation 4: RAN4 would need to discuss and account for different UE implementations impact in the transition time.

BWP switching delay consists of RF part of the delay and RRM part of the delay. When thinking about the split of the work between RF and RRM, RF part (LO switch/retuning time etc.) is to be discussed in RF session, and the result of this discussion should be reflected to the discussion in RRM/demodulation session.

Taking into account the abovementioned implementation and deployment options and any other impacting factors that may arise during the discussions, RAN4 should identify what kind of cases would need to be taken into account when defining UE requirements. After this RAN4 should study how long the BWP switching delay should be in the defined cases. RAN4 may also need to align the discussion with the discussion about SCell activation delay, of which the RAN1 details are still open. 

From specification point of view, we think a new section is needed for defining the transition time requirements in 38.133. As BWPs are cell specific, there is no need to separate the requirements between NSA and SA, so common requirements can be defined for all NR cells. We also expect that the requirements will be the same for all cell types. When thinking further about the performance work, new RRM test cases will also be needed to verify the new requirements.

Proposal 2: BWP switching time requirements will be introduced in 38.133 in a new section.

3	Conclusion
In this contribution, we have discussed active BWP switching delay. We have made the following observations and proposals: 

Observation 1: The UE may switch active BWP due to: 1) requested by DCI command, and 2) timer expiration making the UE switch back from non-default BWP to default BWP. 

Observation 2: The BWP switching time can be seen as:
1) DCI command based BWP switching: Time from receiving the DCI command to the first symbol where PDSCH or PDCCH can be received by the UE in the new BWP
2) Timer expiration based BWP switching: Time from the timer expiration to the first symbol where PDSCH or PDCCH can be received by the UE in the new BWP
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Proposal 1: RAN4 shall define UE requirements for the different BWP switching cases as listed in Observations 1 and 2.

Observation 3: BWP switching delay may depend on the bandwidth and location of the active and new BWP.

Observation 4: RAN4 would need to discuss and account for different UE implementations impact in the transition time.

Proposal 2: BWP switching time requirements will be introduced in 38.133 in a new section.
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