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Introduction
In RAN4#AH1801, a way forward [1] was agreed to provide timeline on BWP switching. The key aspects to be defined are the starting and end points of BWP switching, and the total time taken, including time to decode PDCCH, SW processing, RF tuning etc. 
Discussion
Background
In NR we have the concept of BWP for a UE where the gNodeB can configure the UE to a smaller chunk of BW within a CC rather than the full CC BW. From the UE perspective, this would be useful for power savings as the network can put the UE in a smaller BWP when there are no grants for that UE and then switch to a wider BW when there are grants. A BWP change could potentially entail a change to SCS, BW and LO frequency, or any subset of those. In addition, RAN1 has defined parameters [2] that can be BWP dependent which the UE could need to change when BWP changes. 
The BWP switching can happen via two mechanisms: DCI based command or a timer based reversion to default BWP. In this paper we focus on DCI based mechanism, though the timeline should apply for timer based scenario too. 
From the UE perspective the BWP switch starts when the DCI command is received over PDCCH. We say the BWP switch is done when the UE can start monitoring PDCCH on the new BWP for DL BWP switch and when the UE can transmit PUSCH on the new BWP for UL BWP switch. For simplicity, slot-based scheduling, for which UE expects to monitor PDCCH only at the beginning few symbols in the slot, is considered.
Proposal 1: The BWP switching start time is defined as the time at which the last symbol of PDDCH containing the DCI command for BWP switch is received at the UE
Proposal 2: The BWP switching end time is defined as the time at which UE can
a) Receive PDCCH on the new BWP for DL BWP switch
b) Transmit PUSCH on the new BWP for UL BWP switch

With above definitions in mind we can define the timeline for BWP switch as follows
Proposal 3: The time for a UE to complete a BWP switch is given by 
TBWP = TPDCCH + TSW + TRF + TAGC
Where TPDCCH: is the time the UE takes to decode PDCCH 
TSW: Is the SW overhead to program baseband/RF 
TRF: is the time required to re-tune RF
TAGC: The time needed for coarse AGC adjustment 
Only TPDCCH component above would depend on numerology, the rest of the times should be independent of numerology. This would cause the overall time TBWP to be specified as an absolute time instead of changing with numerology.  Thus, we would need the worst case PDCCH decode time. Our view is that we can assume TPDDCH to be 300us. In [3], the TRF time was agreed to be 50-200us. Again, the worst-case time here would be 200us. The TAGC here is only coarse adjustment to enable to UE to monitor and decode PDCCH. For CSF reporting or peak performance, the UE will require fine AGC adjustment and would require aperiodic-TRS/SSB (for AGC) and CSI-RS (for CSF). For coarse AGC adjustment we would need 200us.
The SW overhead would depend on what aspect of BWP are changing: SCS, BW, LO position. If no RF changes are required, the SW overhead would be small and BWP switch would be fast, whereas if an RF reconfiguration is required the SW overhead would be larger and BWP switch would be slow. The SW overhead for fast category would be 650 us and it would be twice as long for slow at 1.3 ms.
The SW time overhead could also vary depending on what parameters dependent on BWP are changing in baseband. Certain parameters changing, such as timing parameters K0 etc., could be part of fast switch whereas others such as, search-space-config, would be need more processing in BB SW and hence would need to be part of slow switch. Table 1 provides an example grouping of BWP dependent parameters in fast and slow categories. However, the exact split of all BWP dependent parameters into slow and fast categories can be FFS.
[bookmark: _Ref506812514]Table 1: Example split of parameters from RAN1 [2] into fast and slow switch categories
	Slow
	Fast

	CSI/SRS/PTRS Resource Configuration
	DL SPS

	CSI & beam management framework
	Multiple timing parameters

	CORESET
	Multiple DMRS parameters

	search-space-config
	Multiple PTRS parameters

	SFI-PDCCH
	rbg-size-PDSCH

	rate-match-PDSCH-resource-set
	Number-MCS-HARQ-DL-DCI


 
Taking all the above times into account, the total time for a BWP switch would be, 950us for fast category and 2ms in the slow category. 
Proposal 4: The time for BWP switch depends on which BWP dependent parameters are changing and whether an RF retune is required. The parameters can be divided into fast and slow switch categories. The fast BWP switch would take 950us and slow switch would take 2ms. 

Note that with the proposed definition of BWP switch the UE is expected to be able to decode PDCCH at the end of the timeline. To reliably decode PDSCH, UE may need to reset tracking loops. For this purpose, the UE would need to either wait for SSB or the network will need to provide aperiodic TRS. Considering the low latency aspects of NR, we propose that the network should provide aperiodic TRS as soon as BWP switch completes and UE starts receiving signal in the new BWP to ensure that UE can quickly start decoding PDSCH.  In addition, the network should also provide CSI-RS as soon as possible in the new BWP to ensure CSF can be provided.
Proposal 5: The network should provide aperiodic TRS and CSI-RS at the end of BWP switch for UE to decode PDSCH. 

Conclusions

Proposal 1: The BWP start time is defined as the time at which the last symbol of PDDCH containing the DCI command for BWP switch is received at the UE
Proposal 2: The BWP end time is defined as the time at which UE can
a) Decode PDCCH on the new BWP for DL BWP switch
b) Transmit PUSCH on the new BWP for UL BWP switch

Proposal 3: The time for a UE to complete a BWP switch is given by 
TBWP = TPDCCH + TSW + TRF + TAGC
Where TPDCCH: is the time the UE takes to decode PDCCH 
TSW: Is the SW overhead to program baseband/RF 
TRF: is the time required to re-tune RF
TAGC: The time needed for coarse AGC adjustment 
Proposal 4: The time for BWP switch depends on which BWP dependent parameters are changing and whether an RF retune is required. The parameters can be divided into fast and slow switch categories. The fast BWP switch would take 950us and slow switch would take 2ms. 
Proposal 5: The network should provide aperiodic TRS and CSI-RS at the end of BWP switch for UE to decode PDSCH. 
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