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1. Introduction
In previous RAN1 meetings [1], [2], the following agreements were made regarding bandwidth part aspect. 
	RAN1 #90bis 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

RAN1 #90bis Agreements:
· For a UE, a configured DL (or UL) BWP may overlap in frequency domain with another configured DL (or UL) BWP in a serving cell

RAN1 #90bis 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

RAN1 #90 Agreements:
· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established

· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band

· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda

· Support activation/deactivation of DL and UL bandwidth part by explicit indication at least in (FFS: scheduling) DCI

· FFS: In addition, MAC CE based approach is supported

· Support activation/deactivation of DL bandwidth part by means of timer for a UE to switch its active DL bandwidth part to a default DL bandwidth part

· The default DL bandwidth part can be the initial active DL bandwidth part defined above 

· FFS: The default DL bandwidth part can be reconfigured by the network

· FFS: detailed mechanism of timer-based solution (e.g. introducing a new timer or reusing DRX timer)

· FFS: other conditions to switch to default DL bandwidth part

RAN1 #90 Agreements:

· When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement gap

· FFS: details of measurement gap configuration
· During the measurement gap, UE is not expected to monitor CORESET



This contribution discusses bandwidth part aspect focusing on remaining details on measurement gap, activation/deactivation procedures, timer for default bandwidth part and common PRB indexing. 
2. Discussion on bandwidth parts

2.1. RRM and SRS related configuration details in wideband operation
In terms of ‘measurement frequency’ outside of active bandwidth part, further clarification seems necessary considering UE maximum supported bandwidth and multiple RF capabilities. 
Overall, there are three cases we can consider the relationship between measurement bandwidth/frequency and active bandwidth part. It is noted that if the measurement bandwidth is within its active BWP, there is no issue to perform measurement, and thus the case is not discussed in here. 

Case 1: If a UE opens up its RF, both measurement and active bandwidth part can be performed simultaneously. The UE does not have extra RF for the measurement. 
 Subcase 1-1: If a UE opens up its RF without changing its center frequency, both measurement and active bandwidth part can be performed simultaneously. The UE does not have extra RF for the measurement.

    In this case, to minimize UE service interruption, it can be considered to open up its RF to include both measurement bandwidth and active BWP. As a UE is not expected to receive or transmit anything outside of its active BWP, to realize this option, it seems necessary to expand its active BWP. Then, similar issue to a mechanism of switching active BWP would occur in this case. Furthermore, if a UE needs to retune its center frequency to accommodate both bandwidth, the retuning latency is not negligible. In this sense, a simple solution is to assume this case as ‘outside of active bandwidth part’. 
Case 2: The configured measurement frequency/bandwidth is beyond the UE’s RF capability if UE still needs to monitor active BWP.

   This case is considered as outside of active bandwidth part, and should be handled with measurement gap.

Case 3: A UE is equipped with multiple RFs where one or more RFs can be used for measurements while the UE monitors active BWP. In this case, extra RF can be used for the measurement, and in this case, a UE can report its capability whether it needs to have measurement gap or not similar to LTE. 

Proposal 1:  Measurement gap is assumed to be necessary if measurement bandwidth is outside of active BWP, and a UE needs to retune or expand its RF for the current active BWP for the measurement.
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Figure 1. Examples of BW state for a UE
For uplink SRS transmission, similar mechanism can be considered. 
In terms of measurement gap configuration, the gap duration is determined based on the measurement duration and necessary retuning gap. As stated in LS from RAN4 [3], different retuning gap is necessary depending on the cases. For example, if a UE needs to perform measurement in Case 1, if a UE does not need to switch its center, the retuning can be small such as 20us. However, the network may not know whether the UE needs to switch its center or not to perform measurement. One can consider a mechanism where each UE indicates the necessary retuning gap for each measurement configuration. However, the necessary gap may also depend on the current active BWP which can be dynamically switched via switching mechanism. Thus, if this approach is considered, UEs may also need to dynamically indicate the necessary gap. Another approach is to implicitly create the measurement gap where the network configures a certain gap (which includes the smallest retuning latency, for example, in case 1, the network may assume small retuning gap is necessary if both measurement bandwidth and active BWP can be included within UE maximum RF capability assuming center frequency of current active BWP is not changed), and if a UE needs more gap than the configured, the UE may skip receiving or transmitting. 
It is however noted that different measurement gap and retuning latency may be assumed for RRM and CSI respectively. For CSI measurement, if periodic CSI measurement outside of active BWP is configured, a UE needs to perform its measurement periodically per measurement configuration. However, for RRM, it can be up to UE implementation where to perform the measurement as long as it satisfies the measurement requirements. Thus, in such case, it is more desirable to assume ‘worst case’ retuning latency for each measurement. However, as the retuning latency is quite different between intra-band and inter-band retuning, separate measurement gap configuration between intra-band and inter-band measurement can be considered. 
Proposal 2:  In terms of retuning gap for the measurement gap for RRM measurement, support separate measurement gap configurations for intra-band measurement and inter-band measurements. In measurement gap duration, assume the worst retuning latency with measurement duration. 
Proposal 3:  In terms of retuning gap for the measurement gap for CSI measurement, consider the following options

· Option 1: Assume the worst case retuning gap
· Option 2: A UE reports its necessary retuning gap for a measurement gap
· Option 3: The network configures retuning gap where if needed additional gap can be created by not receiving or transmitting data. 
2.2. DCI-based and timer-based BWP switching
In the previous meeting, there are discussions about timer for switching current active BWP to the default BWP. It was agreed timer for default BWP can be supported in both Pcell and Scell, and the range and granularity of the timer were left as FFS.  As timer will be reset based on scheduling and will be increased whenever there is monitoring occasion, in terms of granularity, monitoring periodicity can be used. However when different monitoring periodicities are configured in different CORESETs, some clarifications could be necessary. One simple way is to fix the granularity as 1 slot or K slots depending on the configuration. K can be same as the monitoring periodicity.  A UE can increase the timer whenever there was no scheduled occurred within 1 or K slots

Proposal 4: support one-slot based or K-slot based granularities for default BWP timer.
It was discussed what would be the condition to reset the timer. In our view, the followings can be considered to reset the timer. 
· A UE detects one or more valid scheduling DCI(s) either for unicast PDSCH or PUSCH in unpaired, unicast PDSCH for paired spectrum in 1 or K slots
· In terms of SPS, if SPS can be also transmitted in default DL BWP, it’s not clear to us whether reception of SPS should reset the timer. In general, we prefer not to reset timer based on SPS.

· In case of receiving various DCIs (e.g., validation/invalidation of SPS, trigger PRACH, etc), to minimize BWP switching after SPS validation or during PRACH, it can be considered to reset the timer at least for validation DCI of SPS and PRACH trigger. 
It was agreed that UE can switch BWP based on scheduling DCI, but it is not clear when will UE switch to new BWP after it received the scheduling DCI, so the exact timing for a UE to switch needs to be clarified. In our view, there are two options to define actual BWP switching time, first one is at the first resource where scheduled data on the new BWP starts. In this case, for paired spectrum, switching time for DL BWP is the first resource where PDSCH on the new DL BWP starts by scheduling DCI and switching time for UL BWP is the first resource where PUSCH on the new UL BWP starts by scheduling DCI. For unpaired spectrum, BWP switching time is the first resource where effective PUSCH or PDSCH on the new BWP pair starts by scheduling DCI. The actual transition can occur before the switching where different latency can be taken depending on switching conditions/UE capability. Except for the switching latency, before BWP switching, a UE monitors currently active BWP. Another option for BWP switching time is right after UE received scheduling DCI. If this approach is used, in addition to switching latency, decoding latency on control channel should be also taken in to account. 
Proposal 5: A UE is assumed to switch BWP right before receiving PDSCH or transmitting PUSCH which is scheduled with BWP switching to a new BWP.
2.3. Discussion on common PRB indexing 

In the last meeting, it was agreed that a UE is RRC signaled an offset between PRB 0 for common PRB indexing and a reference location, and the range of offset values can be larger than 276*4. In our view, if larger maximum bandwidth is introduced in later releases, different common PRB indexing for Rel-15 UEs and future release UEs can be considered. Common PRB indexing has two main purposes – one is to indicate frequency location within a carrier and the other is for potential RS sequence generation. For the first purpose, it is okay that different PRB indexing is used between different release UEs which can be ensured by the network. For the second purpose, if the network wants to multiplex different release UEs, it can be considered in future release UEs without impact backward compatibility in our view. In this sense, any specific handling for forward compatibility regarding common PRB indexing may not be necessary. 
However, in terms of RS sequence generation, we prefer more flexible approach where the network can configure sequence length and the offset where a UE applies the sequence mapping in its first PRB within its configured BWP, instead of assuming RS sequence is generated based on common PRB indexing. The motivation is to allow network flexibility in terms of RS generation (e.g., multiple short sequences over system bandwidth, one long sequence, etc), and potentially better forward compatibility (e.g., if PRB 0 of a UE is different from PRB 0 of another UE while the network wants to multiplex them together).  Figure 2. Shows an example of RS sequence configuration for different UEs which may or may not have same BWP, also they may be same or different release UEs.
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Figure 2. Illustration of RS sequence configuration for different UEs
In summary, for DM-RS generation at least, we can either use common PRB indexing per each numerology where a large length of sequences is used or additional configuration of sequence length and the offset for each configured BWP can be also considered. 
When common PRB indexing is not available, for example for scheduling RMSI PDSCH, DM-RS sequence generation should be done locally (i.e., within initial DL BWP). 

Regarding other RS generation, e.g., DM-RS for CORESET, possibly shared RS among different UEs with different CORESET configurations, it is also considerable to generate DM-RS sequence based on common PRB indexing. 

Proposal 6: In RS generation, RS generation is done based on either common PRB indexing or additional configuration on sequence length and offset are considered.
2.4. Discussion on RACH procedure

In performing RACH procedure, two aspects should be considered with bandwidth part operation. One is the case where BWP switching occurs during RACH procedure by scheduling DCI or default timer. Another is whether each BWP will be configured with RACH related configurations or what is the UE behavior if there is no RACH related configuration. 

For the first case, as the network does not know whether the UE is in RACH procedure or not, BWP switching can be triggered at least for DL BWP. Thus, after transmitting RACH, a UE may switch its DL BWP where a UE expects to receive RAR. As the network does not know which UEs have sent PRACH, unless there is ‘linkage’ between PRACH resources and RAR CORESET, the network may need to send RAR to all RAR CORESETs in the network. In unpaired spectrum case, it can be managed better as DL/UL BWP is paired, and RAR CORESET can be associated with PRACH in the same frequency region. In paired spectrum case, we can consider the following approaches.
(1) A UE switches to initial UL BWP for contention-based RACH procedure, and initial DL BWP for RAR reception. 

A. A UE can be configured with RACH resources and RAR CORESET which can be used after RRC connection which can be different from initial BWPs. Yet, this option allows the UE to switch to different BWP upon RACH procedure (for contention-based RACH). A UE may come back to the current active BWP while it’s not required to monitor RAR/Msg4 or not required to transmit Msg3 or feedback on Msg4. 

(2) A UE stays in currently active DL/UL BWP, and the network ensures transmitting RAR to the currently active DL BWP. It can be further considered to determine RA-RNTI based on the frequency location of PRACH as well as time information to differentiate among different frequency PRACH resources. 

In either way, a UE can handle BWP switching in the middle. One case though in unpaired spectrum, where DL/UL BWP pair is switched after PRACH transmission, a UE may not receive RAR as DL BWP has been changed. This will trigger PRACH retransmission. As the UE has not received RAR due to BWP switching, in this case, it is considerable not to increase retransmission counter nor power ramping. 

Depending on the option, the necessity of RAR CORESET configuration per BWP is determined. At least in unpaired spectrum, we do not see a strong reason not to configure separate PRACH and RAR CORESET per each DL-UL BWP pair. In this way, a UE can perform RACH in the active BWP without interruption of current activity. This is particularly important when RACH procedure is used for beam recovery, SR request, etc. In paired spectrum, similar approach can be considered with some further consideration on linkage between PRACH and RAR. If there is no configured RAR CORESET or PRACH, a UE can go back to initial DL/UL BWP. 
Proposal 7: At least for unpaired spectrum case, support configuration of RAR CORESET and PRACH resource for each DL-UL BWP pair. 
Proposal 8: When there is no PRACH or RAR CORESET is available in currently active UL or DL BWP, RACH procedure is performed at initial UL or DL BWP. 

Proposal 9: At least in unpaired spectrum case, if failure of RAR response or Msg 3 transmission or response of Msg4 due to BWP switching in the middle of RACH procedure, consider not to increase retransmission counter nor perform power ramping. 
3. Conclusion
In this contribution, we discussed remaining issues on bandwidth parts. Our proposals are as follows;
Proposal 1:  Measurement gap is assumed to be necessary if measurement bandwidth is outside of active BWP, and a UE needs to retune or expand its RF for the current active BWP for the measurement.
Proposal 2:  In terms of retuning gap for the measurement gap for RRM measurement, support separate measurement gap configurations for intra-band measurement and inter-band measurements. In measurement gap duration, assume the worst retuning latency with measurement duration. 
Proposal 3:  In terms of retuning gap for the measurement gap for CSI measurement, consider the following options

· Option 1: Assume the worst case retuning gap
· Option 2: A UE reports its necessary retuning gap for a measurement gap
· Option 3: The network configures retuning gap where if needed additional gap can be created by not receiving or transmitting data. 
Proposal 4: support one-slot based or K-slot based granularities for default BWP timer.
Proposal 5: A UE is assumed to switch BWP right before receiving PDSCH or transmitting PUSCH which is scheduled with BWP switching to a new BWP.
Proposal 6: In RS generation, RS generation is done based on either common PRB indexing or additional configuration on sequence length and offset are considered.

Proposal 7: At least for unpaired spectrum case, support configuration of RAR CORESET and PRACH resource for each DL-UL BWP pair. 

Proposal 8: When there is no PRACH or RAR CORESET is available in currently active UL or DL BWP, RACH procedure is performed at initial UL or DL BWP. 

Proposal 9: At least in unpaired spectrum case, if failure of RAR response or Msg 3 transmission or response of Msg4 due to BWP switching in the middle of RACH procedure, consider not to increase retransmission counter nor perform power ramping. 
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