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1 Introduction
In the AH1801 meeting, after the discussion for the time needed for bandwidth part (BWP) switching operations, several issues are FFS in WF [2] including RF switching time on FR2 and BB processing part. 
From the WF, we have staged agreements as below:

· In order to perform BWP switching, UE implementations may need switching time for baseband processing, for retuning the local oscillator, for reconfiguring the RF chain for more or less bandwidth, for reconfiguring the RF chain for different numerologies, or for a combination of these operations.

· The BWP switching delay parameters, includes both RF transition time and the BB processing time during BWP switching operation. 
· It is assumed that the change of BWP active configuration is confined within the UE CC. There may or may not be a change in numerology
· The UE may need interruption during the BWP switch operation. The interruption duration is FFS.
The paper provides proposals on the BWP switching definition and switching delay consideration both in FR1 and FR2.
2 Discussion

2.1 FR1 analysis
Since the assumption on the change of BWP active configuration is confined within the UE CC, only the single carrier scenario is provided. 
For single carrier, 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. From UE capability side, only the processing time on the bandwidth adaptation signaling and RF transition time will be considered.  RAN4 has conclusions on the RF transition time for sub-6GHz. The RF transition time for intra-band CA is about 20µs 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 for the 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 parsing 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 adaptation is about 100-200µs.
Proposal 1: The baseband processing time for BWP adaption is defined in absolute time. It is independent on numerology. It is about 100µs-200µs. 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 100-200µs for AGC setting is preferred. So the total transition time for single carrier BWP switching in sub-6GHz is about 250-600µs 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 BWP switching without considering the waiting time for slot boundary will be about 250us-600us for FR1. 
2.2 FR2 analysis

Since the beam reconfiguration is not a factor related to BWP switching operation and the beam switching delay is small enough which can be done simultaneously with other configuration, we can also assume that the BWP switching operation for FR2 does not include beam reconfiguration.
Observation: It is assumed that the change of BWP active configuration on FR2 is not with beam reconfiguration.
For FR2 BWP switching operation, the RF transition time has not been discussed. Since the assumption on the BWP switching operation is confined within UE CC, the RF transition time can be comprised of filter switching time before or after ADC/DAC, ADC/DAC settling time because of bandwidth change, PLL retuning time because of the change on center frequency, and the AGC settling time.  
In the discussion of RF switching time in sub6G, 50-200µs can be accepted which is without AGC settling time. As the channel bandwidth in FR2 is much larger than bandwidth in FR1 or LTE, the RF switching time should be reconsidered as 200µs.
For AGC settling time and BB processing time, it can be considered the same as in FR1, where the AGC settling time is 100-200µs, the BB processing time is 100-200µs. The total transition time for single carrier BWP switching in FR2 is 400-600µs.
Proposal 3: The transition time of BWP switching without considering the waiting time for slot boundary will be about 400µs-600µs for FR2. 
The channel bandwidth is up to 400MHz in FR2 which may exceeds the maximum channel bandwidth UE can support. Assume UE declare supporting 400MHz channel bandwidth with 2 UE CCs (wideband operation). In previous RAN4 meeting, there is agreement [4] on BWP configuration for wideband operation can be seen in Fig 1: Different numerology in each BWP for single CC will be supported in rel-15 assuming single active BWP. It can be understood that for wideband operation, BWP switching operation is also confined within UE CC.
[image: image1.png]Rel-15gNB BSCC1 BSCC2

(400MHz) (400MHz)
RelxeN® _

UE1CC1 UE2CC1 UE2 CC2

(400MHz) (200MHz) (200MHz)

time





Fig 1 How to handle different numerologies in different BWP configurations (single CC case)
Proposal 4: For wideband operation, BWP switching operation is confined within one configured UE CC.
2.3 UE capability for BWP switching time

As discussed in section 2.1 and 2.2, the BWP switching time can be defined in absolute time with a range for FR1 and FR2, if companies can agree with the upper limit for BWP switching time, BWP switching time may not need to define as UE capability. However, if companies cannot make agreement on the BWP switching in an absolute time, it may need to define UE capability on BWP switching time with different values. So we give our comment for the email discussion on feature list: whether to keep it or not depends on BWP switching delay, there may be no need for this capability.
Proposal 5: Whether to define it as UE capability depends on the BWP switching delay, there may be no need for this capability.
3 Conclusions
This contribution gives the evaluation result for bandwidth part switching delay both on FR1 and FR2. 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 100µs-200µs. It will not be defined as UE capability. 
Proposal 2: The transition time of BWP switching without considering the waiting time for slot boundary will be about 250µs-600µs for FR1. 
Observation: It is assumed that the change of BWP active configuration on FR2 have no process on beam reconfiguration.
Proposal 3: The transition time of BWP switching without considering the waiting time for slot boundary will be about 400µs-600µs for FR2. 
Proposal 4: For wideband operation, BWP switching operation is confined within one configured UE CC.
Proposal 5: Whether to define it as UE capability depends on the BWP switching delay, there may be no need for this capability.
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