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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]RAN4 had some discussion on BWP transition time as following [1]: 
Agreements:
· Transition time (RF aspects)
· For intra-band operation, at least for sub6, the transition time can be up to 20 µs if the center frequency is the same before and after the bandwidth adaptation, regardless other conditions listed in the LS
· For intra-band operation, at least for sub6, the transition time is 50~200 µs if the center frequency is different before and after the bandwidth adaptation, regardless other conditions listed in the LS
· For inter-band operation, at least for sub6, the transition time can be up to 900 µs, regardless the conditions listed in the LS. RAN1 should note that this time does not include AGC settling time which is covered in baseband aspects.
· Transition time (baseband aspects)
· For single-carrier operation, the total transition time includes the processing time of the bandwidth adaptation signaling, RF transition time and the waiting time for slot boundary alignment if DL signal from the same cell is assumed before and after the bandwidth adaptation
· For multiple-carrier operation, the total transition time includes the processing time of the bandwidth adaptation signaling, RF transition time, the waiting time for slot boundary alignment and the waiting time for reference signals for AGC settling
· It’s difficult for RAN4 to conclude quantitative values now because it highly depends on the bandwidth adaptation design as well as the final physical design of e.g. reference signals.

The transition time of baseband part was FFS at that time. In RAN1 #91 meeting, the BWP switching time is trigger again and RAN1 hope RAN4 to consider the following RAN1 agreement [2]:
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 document, we give our views for these issues on the transition time(s) of active BWP switching. In addition, from the last RAN4 meeting, there was a WF for supporting mixed numerology with switching bandwidth parts (BWPs)[3]. This contribution provides proposals for mixed numerology BWP switching. 
Discussion
BWP transition time
In previous RAN4 discussion, the transition time for both single carrier operation and multiple carrier operation are considered. For the multiple carrier operation, we can use the conclusions in SCell activation time discussion. 
Observation 1: The BWP transition time for multiple carrier operation can take the conclusions of SCell activation time as the baseline.
For the single carrier operation, the total transition time includes the processing time of the bandwidth adaptation signaling, RF transition time and the waiting time for slot boundary alignment. The waiting time for slot boundary is not determined by UE capability. It will be discussed in section 2.2. From UE capability side, only the processing time on the bandwidth adaptation signaling and RF transition time will be considered.  RAN4 has the conclusions on the RF transition time for sub-6GHz. The RF transition time for intra-band CA is about 20us if the center frequency is the same before and after the bandwidth adaptation. The RF transition time is about 50~200 µs if the center frequency is different before and after the bandwidth adaptation. 
The processing time of the bandwidth adaptation signaling is defined as the minimum time between the end of reception of PDCCH and the RF retuning signaling is ready to sent control signaling to the RF for retuning. It includes the time on following parts,
· PDCCH related processing 
· PDCCH demodulation, including FFT/IFFT, CE and demodulation. Time on PDCCH demodulation may be vary with numerologies depending on UE implementation
· PDCCH blind decoding. Time on PDCCH BD can be independent on numerology. 
· DCI parsing. Time on DCI parting is independent on numerology.
· BWP switching signaling configuration
· UE needs to calculate the exactly switch time considering the slot format, BWP switching signaling and so on. The BWP switching signaling need to send to the RF module for the switching operation.  Time on calculation and signaling configuration are independent on numerology.
Based on the above analysis, we can find that most of processing is independent on numerology. The processing time for these parts depends on the speed of CPU and the amount of processing cycles. We can assume the UE vendors have similar CPU capability. And we can assume the number of processing cycles from different UE vendors is close to each other because the operations are similar. For demodulation operation, some aggressive UE vendors can also speed up demodulation operation to save processing time. Considering the implementation margin and the variance from difference companies, we can assume the baseband processing time for BWP adaption is defined in absolute time and it is independent on numerology. Based on our survey for the industry, we can assume the baseband processing time for BWP adaption is about 100us-200us.
Proposal 1: The baseband processing time for BWP adaption is defined in absolute time. It is independent on numerology. It is about 100us-200us. It will not be defined as UE capability. 
The AGC settling time is not considered in the RF transition time. Considering the bandwidth for a single NR carrier is much larger than LTE carrier, about 100us-200us for AGC setting is preferred. So the total transition time for single carrier BWP switching in sub-6GHz is about 250us-600us for sub-6GHz considering the agreed RF retuning time. For higher frequency bands, RAN4 has no conclusions for that. 
Proposal 2: The transition time of intra-cell BWP switching without considering the waiting time for slot boundary will be about 250us-600us for sub-6GHz. 
Proposal 3: RAN4 should provide guidelines for RF transition time for higher frequency bands. 
 
Timing consideration for BWP switching
With the physical layer design nearly finalized, additional switching requirements became available. First is the alignment of slots, in section 4.3.2 of [4]. From the interpretation, a new numerology can begin at the start of the slot. Table 1 presents the starting times of slots based on numerology.
[bookmark: _Ref503251948]Table 1. Slot start times.
	Configuration, µ
	SCS
	Slots / subframe
	Slot start times (µs)

	0
	15 kHz
	1
	0

	1
	30 kHz
	2
	0, 500

	2
	60 kHz
	4
	0, 250, 500, 750

	3
	120 kHz
	8
	0, 125, 250, 375, 500, 625, 750, 875

	4
	240 kHz
	16
	0, 62.5, 125, 187.5,
250, 312.5, 375, 437.5,
500, 562.5, 625, 687.5,
750, 812.5, 875, 937.5

	5
	480 kHz
	32
	0, 31.25, 62.5, 93.75,
125, 156.25, 187.5, 218.75,
250, 281.25, 312.5, 343.75,
375, 406.25, 437.5, 468.75,
500, 531.25, 562.5, 593.75,
625, 656.25, 687.5, 718.75,
750, 781.25, 812.5, 843.75,
875, 906.25, 937.5, 968.75,



In RRC connected mode, the UE receives a DCI to change its active BWP configuration from the set of BWP configurations it received. Since the DCI can be received anywhere the slot in accordance to the CORESET, a minimum time is needed to process the DCI as well as to change the active BWP configuration. The following figure shows the mapping process for 15, 30, and 60 kHz BWP configurations. For clarity, the three BWPs (labeled BWP0 for µ=0 (15 kHz), BWP1 for µ=1, and BWP2 for µ=2) are non-overlapping in frequency.
Note that BWP switching is also used after detecting the MIB and initial BWP to the active BWP. 
 (
Time
Freq
BWP0
BWP1
BWP2
1 ms
2 ms
)
[bookmark: _Ref503256250]Figure 1. Slot alignment. Block box indicates active BWP transmitted in DCI of BWP0. 
Several observations about Figure 1.
· Transitioning from a low µ (e.g. µ=0 (15 kHz)) to larger µ (e.g. 2), the delay can be minimized due to more frequent start of slots with larger µ.
· Transitioning from a high µ to low µ, the delay can exceed the slot duration for the low µ. An analogy is the HARQ timing rules for downlink transmissions in LTE TDD. If an uplink subframe is unavailable at 4 subframes later, the A/N is transmitted at the next opportunity greater than 4 subframes.


When transitioning from a low µ (µ0) to higher µ (µ1) in slot , the slot for BWP using configuration µ1 is denoted . The relationship can be expressed as

	,	(1)







 is the configuration of BWP i,  is the slot number within a subframe,  is the number of slots in a subframe, and  is the transmission time plus other delays (e.g. processing) in milliseconds. The term  advances the slot numbering,  converts the slot numbering,  converts the delay into slots, and the modulo operation accounts for the wrapping of the slot numbering. The slot numbering when transitioning from a high µ (µ0) to low µ (µ1) can be developed. 



Consider a center frequency change. From Table 1, the transition time is 200 µs (). If the future active BWP (µ1=2) uses 60 kHz, the transition time is less than 1 slot. If the original BWP uses µ0=1 and slot number is , then using (1) the slot when BWP1 is active is . 
Proposal 4: Using a formula such as in (1) should be used to capture the transition times in the numerology of the bandwidth part configuration.
Conclusions
This contribution gives the initial evaluation result of transition time and examined how to capture transition time for bandwidth part switching using mixed numerology. The following observation and proposals are made:
Proposal 1: The baseband processing time for BWP adaption is defined in absolute time. It is independent on numerology. It is about 100us-200us. It will not be defined as UE capability.
Proposal 2: The transition time of intra-cell BWP switching without considering the waiting time for slot boundary will be about 250us-600us for sub-6GHz. 
Proposal 3: RAN4 should provide guidelines for RF transition time for higher frequency bands.
Proposal 4: Using a formula such as in (1) should be used to capture the transition times in the numerology of the bandwidth part configuration.
RAN4 should send an LS to RAN1 for the above observation and proposals. 
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