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1. Introduction & Background

In RAN1#90bis, the activation and deacitvtion of bandwidth part (BWP) by DCI and timer were futher discussed and agreed as shown below [1].

Agreements:

· For paired spectrum, DL and UL BWPs are configured separately and independently in Rel-15 for each UE-specific serving cell for a UE

· For active BWP switching using at least scheduling DCI, DCI for DL is used for DL active BWP switching and DCI for UL is used for UL active BWP switching

· FFS whether or not to support a single DCI switching DL and UL BWP jointly

· For unpaired spectrum, a DL BWP and an UL BWP are jointly configured as a pair, with the restriction that the DL and UL BWPs of such a DL/UL BWP pair share the same centre frequency but may be of different bandwidths in Rel-15 for each UE-specific serving cell for a UE

· For active BWP switching using at least scheduling DCI, DCI for either DL or UL can be used for active BWP switching from one DL/UL BWP pair to another pair

· Note: there is no additional restriction on DL BWP and UL BWP pairing

· Note: this applies to at least the case where both DL & UL are activated to a UE in the corresponding unpaired spectrum
Agreements:

· For paired spectrum, support a dedicated timer for timer-based active DL BWP switching to the default DL BWP

· A UE starts the timer when it switches its active DL BWP to a DL BWP other than the default DL BWP

· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL BWP

· FFS other cases

· A UE switches its active DL BWP to the default DL BWP when the timer expires

· FFS other conditions (e.g. interaction with DRX timer)

· For unpaired spectrum, support a dedicated timer for timer-based active DL/UL BWP pair switching to the default DL/UL BWP pair

· A UE starts the timer when it switches its active DL/UL BWP pair to a DL/UL BWP pair other than the default DL/UL BWP pair

· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL/UL BWP pair

· FFS other cases

· A UE switches its active DL/UL BWP pair to the default DL/UL BWP pair when the timer expires

· FFS other conditions (e.g. interaction with DRX timer)

· FFS the range and granularity of the timer

However, there are still some remaining issues on BWP activation/deactivation, such as the exact procedure for BWP activation/deactivation with DCI, the UL scheduling issue with timer based BWP switching.  In this contribution, these issues will be further discussed.
2. Timer based BWP activation
In  last meeting , for the timer based BWP activation/deactivation in unpaired spectrum, a UE starts the timer when it switches its active DL/UL BWP pair to a DL/UL BWP pair other than the default DL/UL BWP pair, and the timer will be restarted to the initial value when the UE successfully decodes a DCI to schedule PDSCH(s) in its active DL/UL BWP pair. The UE then switches its active DL/UL BWP pair to the default DL/UL BWP pair when the timer expires. The current solution will lead to the failure of UL transmission in the original UL BWP if an UL grant is sent before the timer expiring with the scheduling delay longer than the remaining timer. When the timer expires, the UE switches to the default DL/UL BWP pair, but the UL scheduling in the UL BWP of the original DL/UL BWP pair is still not transmitted yet. The UE will not be able to transmit these data in the UL BWP of the default DL/UL BWP pair. Therefore, there should be some solution to solve this problem.
1.1. Timer resetting conditions
Since the timer and the UL scheduling timing may not be aligned, a straightforward way is to determine the value of timer by considering the UL scheduling timing. In addition to the already agreed timer resetting condition, the UE will need to decide if it should reset the timer when it sucessfully decodes a DCI to schedule PUSCH(s). Assume the scheduling delay of the PUSCH is K. A simple and easy solution is to directly reset the timer to the initial value when it decodes a DCI to schedule PUSCH(s), or roll back a value of K. Furthermore, considering that the timer is initially used to fall back to the default DL BWP to save UE power, the UL scheduling should not be treated the same as DL scheduling. Therefore, in order to avoid unnecessary rolling back of the timer, UE could compare the remaining timer with the UL scheduling delay K and decide whether to roll back the timer and the value of rolling back. If the remaining timer is longer than the UL scheduling delay, then no rolling back is performed for the timer. If the remaining timer is shorter than the UL scheduling delay, then rolling back value can be the difference between the remaining timer and the UL scheduling delay.
Furthermore, when the timer expires, if there is unsent pre-scheduled UL data, the UE can also wait until the previously scheduled data been transmitted, and then switches to the default DL/UL BWP pair. In other words, the UE will roll back the timer with a value that equals the remaining UL scheduling delay. During the rolling back time, the UE stops PDCCH detection.
Proposal 1: Jointly decide the timer value based on the detection of the DCI for PDSCH, the DCI for PUSCH, and the PUSCH scheduling delay K. 
1.2. gNB based solution
Although gNB may not know the exact value of the timer at the UE side, it has the some knowledge of the timer implicitly. E.g. the gNB will know at least the maximum value of the timer, when the gNB has not scheduled the UE for m slots, it can deduce that the timer at the UE side has passed m. Then the gNB can stop UL scheduling when the remaining timer is shorter than the UL scheduling delay. After UE switches to the default DL/UL BWP pair, gNB restarts the UL scheduling.
Proposal 2: The UL scheduling during the BWP pair switching triggered by timer can be up to gNB implementation. 
3. DCI based BWP activation/deactivation
Although it has already been agreed that the BWP/BWP pair can be activated/deactivated with scheduling DCI, the details of the activation/deactivation with DCI is still not clear. The common understatnding is to add a BWP/BWP pair index field in the DCI and indicate which BWP will be activated.

1.3. BWP activation/deactivation with zero assignment
One option proposed by companies is to activate/deactivate the BWP/BWP pair using the scheduling DCI with zero assignment. That is to say, the scheduling DCI contains the target BWP/BWP pair index without scheduling downlink or uplink transmission. The current BWP/BWP pair index is indicated in the regular scheduling DCI. When the UE detects a regular scheduling DCI, it performs data transmission or reception as scheduled. When the UE detects a DCI with zero scheduling assignment in slot n, it performs the BWP retuning and switches to the target BWP indicated in the DCI in slot n+k as shown in Figure 1. The value of k depends on the UE capability. For small SCS such as 15KHz，k=1. But with larger SCS, since the symbols will be very short, 1 slot may not be enough for PDCCH decoding and RF retuning. Especially, when the center frequencies of the original BWP and the target BWP are different, 50~200 μs are required for retuning. The value of the k may be larger than 1 and highly depends on the UE capability. There will be no DCI size ambiguity issue since UE always detect the DCI size according to the current active BWP/BWP pair.
However, the UE may miss the BWP activation/deactivation DCI. Therefore, it cannot switch to the proper BWP/BWP pair as expected. The gNB and UE will then have different understanding of the active BWP/BWP pair, which will lead to the failure of data transmission. In order to solve this problem, the following solutions are proposed.
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Figure 1: BWP switching with zero assignment DCI

The first option is to fall back to the default DL BWP or default DL/UL BWP pair based on timer. When the gNB and UE work in different BWPs, none of them will receive any signal from each other. Then the UE can switch to the default DL BWP or default DL/UL BWP pair based on timer. The gNB will also turn to the UE’s default DL BWP or default DL/UL BWP pair for data transmission and reception when it has not received any feedback from UE for a certain time. gNB then directs the UE to switch to the target DL BWP or DL/UL BWP pair from the default DL BWP or default DL/UL BWP pair. 
The second option is to repeatedly transmit the zero assignment DCI in the original DL BWP and non-zero assignment DCI in the target DL BWP as shown in Figure 2. The gNB transmits the zero assignment DCI to the UE for N times, or until it receives A/N from the UE in the target BWP. When UE detects any of the repeatedly transmitted zero assignment DCI, it switches to the target BWP. The gNB starts to transmit data in the target BWP in the next slot assuming UE correctly detected the zero assignment DCI. The drawback of this option is the resource waste due to the repeated zero assignment DCI transmission in the original BWP and possible early data transmission in the target BWP if DCI miss detection happens.
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Figure 2: Repeated transmission of zero assignment DCI

The third option is to feedback A/N for the zero assignment DCI to confirm the reception. However, this will enlarge the BWP switching time as MAC CE.
Observation 1: Consider the following options as the miss detection solution for zero assignment DCI for BWP switch
Alt 1: fall back to default DL BWP or default DL/UL BWP pair.

Alt 2: repeated zero assignment DCI transmission in original BWP/BWP pair and data transmission in the target BWP/BWP pair.

Alt 3: A/N for the zero assignment DCI.

1.4. BWP activation/deactivation with non-zero assignment

In addition, the BWP can also be activated / deactivated with the regular scheduling DCI, i.e. non-zero assignment DCI, as shown in Figure 3. In all the DCIs, the BWP/BWP pair index field indicates the current active BWP/BWP pair index or the target BWP/BWP pair index; other fields indicate the normal data scheduling. Since the UE knows the index of its current active BWP/BWP pair, when it detects a DCI with the BWP/BWP pair index field indicating the same index as the current active BWP/BWP pair, it knows that the following transmission will be in the same BWP/BWP pair. When the UE detects a DCI with the BWP/BWP pair index field indicating a different index, it knows that the following transmission will be in a different BWP/BWP pair. The UE then performs BWP switching in the next slot, and starts to receive/transmit in the target BWP/BWP pair in the following slots. Figure 3 assumes that UE needs one slot for data reception and PDCCH decoding, and one slot for RF retuning. Furthermore, if the length of the PDSCH for the UE does not last for the whole slot, the UE can start RF retuning immediately after the data reception, and start to receive/transmit in the target BWP/BWP pair in the next slot if the remaining symbols in the current slot is long enough for DCI decoding and RF retuning. Similarly, in high frequency, with larger SCS, UE may need more slots for DCI decoding and RF retuning depending on the UE capability.
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Figure 3: BWP switching with non-zero assignment DCI
Similarly, the UE may also miss the BWP activation/deactivation DCI as in section 3.1. In order to solve this problem, the following solutions are proposed.

The first option is the same as before, UE falls back to the default DL BWP or default DL/UL BWP pair based on timer if it misses the DCI. The gNB will also turn to the UE’s default DL BWP or default DL/UL BWP pair for data transmission and reception when it has not received any feedback from UE for a certain time.
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Figure 4: Repeated transmission of non-zero assignment DCI with the same index (time required for decoding and retuning)
The second option is to repeatedly transmit the target BWP/ BWP pair index in the non-zero assignment DCI with the normal data scheduling in the original BWP and transmit in the target BWP/ BWP pair with the normal data scheduling in the slots after the first BWP switching DCI is sent. That is to say, in the original BWP, different data will be normally scheduled to the UE using the non-zero assignment DCI, only the BWP/ BWP pair index field indicates the target BWP/ BWP pair index repeatedly. Whenever the UE receives any of the non-zero assignment DCI, it switches to the target BWP/ BWP pair and starts to receive/transmit. The A/N of the data in the original BWP/BWP pair implicitly indicates the receiving of the DCI. The gNB can repeatedly send the target BWP/ BWP pair index until it receives an A/N from the UE. The A/N can be scheduled in the target BWP/BWP pair. In the target BWP/ BWP pair, the gNB can send the same data as in the original BWP/BWP pair. Whenever the UE switches to the target BWP/ BWP pair, it can resume the data reception.
Observation 2: Consider the following options as the miss detection solution for non-zero assignment DCI for BWP switch
Alt 1: fall back to default DL BWP or default DL/UL BWP pair.

Alt 2: repeated target BWP/BWP pair index transmission in the non-zero assignment DCI in the original BWP, and data transmission in the target BWP/BWP pair.

1.5. BWP activation/deactivation with fallback DCI

In addition to the normal scheduling DCI, the fallback DCI can also be used to activate/deactivate the BWP/BWP pairs. UE always monitors both fallback DCI and regular DCI at every monitoring occasion. In each BWP, the UE is scheduled with the regular DCI, which size depends on the BWP bandwidth. The regular DCI contains no BWP/BWP pair index. However, during the BWP switching, gNB informs the UE to switch its active BWP/BWP pair to another one with fallback DCI. The fallback DCI size is BWP independent and only RA type 1 is used. When the UE detects a fallback DCI indicating a different BWP/BWP pair index in slot n, the UE may switch to the target BWP/BWP pair in slot n if the DCI decoding time and the RF retuning time is sufficiently short, otherwise, UE switches to the target BWP/BWP pair in slot n+k, k>=1. 
In case the source BWP overlaps the target BWP as illustrated in scenario 2 [2], where the active BWP and the target BWP have the same center frequency. The fallback DCI for original and target BWP can share the same CORESET, then the UE will need to detect only one CORESET during the BWP switching as shown in Figure 4. The data scheduling during the BWP switching can be limited to the frequency range occupied by the narrower BWP.
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Figure 4: BWP switching with fallback DCI
 In the case where the original BWP and the target BWP are not overlapped, the fallback DCI schedules the UE in the original BWP with the BWP/BWP pair index field indicating the target BWP/BWP pair index. The target BWP/BWP pair index can be repeated several times. Meanwhile, in order to avoid miss detection, in the next slot, the gNB schedules the UE in target BWP/BWP pair with regular DCI. Whenever the UE detects a fallback DCI in the original BWP, it switches to the target BWP/BWP pair. Any A/N from the UE will terminate the transmissions in the original target BWP/BWP pair。
Observation 3: Fallback DCI can be used to activate/deactivate BWP/BWP pair.

For zero assignment DCI, PDSCH cannot be scheduled in the slot where zero assignment DCI for BWP switch is transmitted. For non-zero assignment DCI, PDSCH can be scheduled in the slot where non-zero assignment DCI for BWP switch is transmitted. Therefore, the latter one is more efficient than the former one. For the fallback DCI solution, PDSCH can be scheduled in the slot where fallback DCI for BWP switch is transmitted, but with reduced data rate.  Therefore, we prefer to use non-zero assignment DCI to switch the BWP.
Proposal 3: non-zero assignment DCI should be used for BWP switch.

4. RRC based BWP activation/deactivation

In case of RRC based BWP activation/deactivation, gNB can simply configure one DL BWP, one UL BWP or one DL/UL BWP pair. When UE receives such configuration, it works on the configured DL/UL BWP. The change of the BWP configuration dynamically activates/deactivates the DL/UL BWP. No DCI activation/deactivation is needed. Therefore, the BWP/BWP pair index field can be removed in the DCI. UE should support the detection of DCI with and without the index bits. The network configuration of a single DL BWP or UL BWP or a single DL/UL BWP pair implicitly triggers the detection of the DCI without index bits. 

Proposal 4: For RRC based BWP activation/deactivation, network configures only a single DL BWP or UL BWP or a single DL/UL BWP pair at a time, scheduling DCI does not contain BWP index field.
5. CSI measurement
The measurement of CSI has been extensively discussed in the email discussion. Two alternatives are proposed as below :

Alt 1: A UE can perform CSI measurement outside of its active BWP via a measurement gap configuration.
Alt 2: A UE can only perform CSI measurement within its active BWP.
Sufficient benefit has to be shown to justify the UE receiving outside the current active BWP, compared to the above baseline assumption and gNB scheduling implementation. Given the current proposed Alt 1, the DL traffic on the current BWP will be interrupted during CSI measurement outside the active BWP as it is considered as a “measurement gap”. There is a tradeoff between accuracy/timeliness CSI measurement and DL traffic interruption. If the measurement outside active BWP happens infrequently the loss on the DL traffic may be insignificant. However the CSI report may not be sufficiently accurate or timely to optimize further L1 based BWP switch. In addition, only aperiodic CSI is needed for dynamic BWP switch. When data comes and the UE needs to switch from a narrower BWP to a wider one, gNB can trigger an aperiodic CSI measurement in the wider BWP. UE then switch to the wider BWP according to the BWP activation/deactivation DCI and perform the CSI measurement. After the CSI measurement, gNB can directly schedule the UE in the wider BWP or instruct the UE to switch back to the narrower BWP if necessary. Periodic CSI measurement in the inactive BWPs based on Alt 1 offers the up-to-date CSI. But the periodic CSI is only useful in the first few slots after the BWP switch. Most of them are wasted since no data will be scheduled in the inactive BWPs.  Therefore, periodic CSI measurement based on Alt 1 does not show significant benefit.
Proposal 5: A UE can only perform CSI measurement within its active BWP.
6. Conclusion

In this contribution, we investigated the remaining issues of the BWP in NR, including the detailed procedures of BWP activation/deactivation and CSI measurement. The following proposals are given:

Proposal 1: Jointly decide the timer value based on the detection of the DCI for PDSCH, the DCI for PUSCH, and the PUSCH scheduling delay K. 

Proposal 2: The UL scheduling during the BWP pair switching triggered by timer can be up to gNB implementation. 
Observation 1: Consider the following options as the miss detection solution for zero assignment DCI for BWP switch
· Alt 1: fall back to default DL BWP or default DL/UL BWP pair.

· Alt 2: repeated zero assignment DCI transmission in original BWP/BWP pair and data transmission in the target BWP/BWP pair.

· Alt 3: A/N for the zero assignment DCI.

Observation 2: Consider the following options as the miss detection solution for non-zero assignment DCI for BWP switch
· Alt 1: fall back to default DL BWP or default DL/UL BWP pair.

· Alt 2: repeated target BWP/BWP pair index transmission in the non-zero assignment DCI in the original BWP, and immediate transmission in the target BWP/BWP pair.

Observation 3: Fallback DCI can be used to activate/deactivate BWP/BWP pair.

Proposal 3: non-zero assignment DCI should be used for BWP switch.

Proposal 4: For RRC based BWP activation/deactivation, network configures only a single DL BWP or UL BWP or a single DL/UL BWP pair at a time, scheduling DCI does not contain BWP index field.
Proposal 5: A UE can only perform CSI measurement within its active BWP.
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