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1. Introduction
In previous RAN1 meetings [1], [2], [3], the following agreements were made regarding bandwidth part and carrier aggregation aspects. 
	RAN1 #88bis Agreements:
· For carrier aggregation, multiple timing-advance groups are supported

· FFS: The number of timing advance groups
RAN1 #89 Agreements:

· Support cross-carrier scheduling for aggregated carriers with the same and different numerology. 

· FFS: the timing relationship between DCI and the corresponding PDSCH/PUSCH

· FFS: impact on the maximum number of HARQ processes

· FFS: potential restrictions (e.g., on combination of different numerology)

· Support joint UCI feedback for aggregated carriers with the same or different numerology. 

· FFS: the timing relationship between PDSCH and the corresponding HARQ-ACK 

· FFS: impact on maximum number of HARQ process 

· FFS: potential restrictions (e.g., on combination of different numerology)

· Support SRS fast switching among N uplink carriers
· The number of M uplink carriers supported by the UE for simultaneous transmission can be smaller than N

· Note: M can be 1 or larger depending on UE capability
· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)

· Support one PUCCH in one cell group for NR DC/CA

· FFS: The carrier for PUCCH transmission can be configured within one cell group

· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)

[E-mail discussion summary]
Part one: Possible Agreements

· On the search space 

· A UE monitors PDCCH candidates in common search space(s) at least for RMSI and UE specific search space(s) on Primary Component Carrier (PCC)

· A UE monitors PDCCH candidates at least on UE-specific search space(s) for an Secondary Component Carrier (SCC)

· Support cross carrier scheduling with CIF 

· NR at least support that a carrier is scheduled by one and only one carrier

· FFS: the number of CIF bits

· FFS: BWP aspects for cross carrier scheduling

· For cross-carrier scheduling, PDCCH and the scheduled PDSCH can have the same or different numerologies.

· For self-scheduling, PDCCH and the scheduled PDSCH have the same numerology

· FFS whether for self-scheduling, PDCCH and the scheduled PDSCH can have different numerologies.

· For self and cross-carrier scheduling, PDCCH and the scheduled PUSCH can have the same or different numerologies.

· When numerology are different between PDCCH and the scheduled transmission, the time granularity indicated in the DCI for the timing relationship between the end of PDCCH and the corresponding scheduled transmission is based on the numerology of the scheduled transmission.

· For multiple timing advance groups

· LTE timing difference requirement can be used as a starting point

· FFS factors related to this requirement.

· Support PRACH transmission for timing advance acquisition on SCC

· NR Supports 2 cell groups for PUCCH for NR DC

· FFS: NR supports 2 cell groups for PUCCH for NR CA

RAN1 #90 Agreements:

· Confirm the WA at RAN1 NR AH#2

· HARQ-ACK transmission related to multiple DL component carriers is supported for DL component carriers operating with the same and different numerology

· The time granularity of a HARQ-ACK transmission on PUCCH, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission

· FFS: For cross-carrier scheduling, support the following functionalities

· Multi-slot scheduling (i.e., one DCI schedules N slots with N TBs)

· For NR CA, for the scenario that all the carriers are 15Khz, around [32.47us] maximum uplink timing difference between two TAGs should be assumed in NR

· Granularity of TA for SCS = 15kHz is same as LTE

· Maximum number of TAGs is 4

· Note: final decision of the maximum timing difference is up to RAN4

· FFS: for other scenarios

· For NR CA, both semi-static and dynamic HARQ-ACK codebook are supported

· NR supports 2 cell groups for PUCCH for NR CA

· NR supports at least the configuration of one carrier transmitting the PUCCH within the cell group

FFS The carrier transmitting the PUCCH is always PCC and/or carrier(s) transmitting the PUCCH can be SCC in a cell group containing PCC 

Agreements:
· Common PRB indexing is used at least for DL BWP configuration in RRC connected state

· The reference point is PRB 0, which is common to all the UEs sharing a wideband CC from network perspective, regardless of whether they are NB, CA, or WB UEs. 

· An offset from PRB 0 to the lowest PRB of the SS block accessed by the UE is configured by high layer signaling
· FFS the configuration is by RMSI and/or UE-specific signaling

· The common PRB indexing is for maximum number of PRBs for a given numerology defined in Table 4.3.2-1 in 38.211
· FFS: common PRB indexing for RS generation for UE-specific PDSCH

· FFS: common PRB indexing for UL

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

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 carrier aggregation aspects focusing on DCI and UCI transmission, multiple TAGs and SRS carrier switching, and bandwidth part aspects focusing on remaining details on measurement gap, activation/deactivation procedures and default bandwidth part. 
2. Discussion on carrier aggregation
2.1. 2.1 Cross-carrier DL/UL control signaling

Regarding cross-CC scheduling between the cells with different numerologies, there are two cases: Case 1) DCI in Cell 1 with small sub-carrier spacing or long TTI schedules DL/UL data in Cell 2 with large sub-carrier spacing or short TTI as shown in Figure 1(a), and Case 2) DCI in Cell 1 with large sub-carrier spacing or short TTI schedules DL/UL data in Cell 2 with small sub-carrier spacing or long TTI as shown in Figure 1(b). 

For Case 1), one long TTI schedules multiple short TTIs via individual DCI per short TTI (by indicating short TTI slot index) or via single DCI for multi-TTI (by adopting multi-TTI scheduling design). In this case, considering DCI overhead in long TTI, some restriction (e.g., limiting the number of scheduled cells with short TTI or not allowing cross-CC scheduling for the cell with very short TTI) may be necessary. For Case 2), one long TTI is scheduled by one of multiple short TTIs and the scheduling short TTI can be fixed or variable considering DCI resource flexibility. 

In addition, for DL/UL cross-carrier scheduling, the timing delay between DCI and DL/UL data can be considered to be counted based on the scheduled cell’s TTI granularity as already agreed in the email discussion after RAN1#89. 
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Figure 1: Examples of cross-CC scheduling in NR CA

Moreover, for UCI transmission in the CA between the cells with different numerologies, there are two cases: Case A) HARQ-ACK for Cell 1 with small sub-carrier spacing or long TTI is transmitted on PUCCH in Cell 2 with large sub-carrier spacing or short TTI as shown in Figure 2(a), and Case B) HARQ-ACK for Cell 1 with large sub-carrier spacing or short TTI is transmitted on PUCCH in Cell 2 with small sub-carrier spacing or long TTI as shown in Figure 2(b).

For Case A), since it was agreed in RAN1#90 that the HARQ-ACK timing is determined based on TTI conveying PUCCH, the PUCCH is transmitted in the indicated short TTI, but it is necessary to determine the reference short TTI corresponding to long TTI with DL data for HARQ-ACK timing calculation. In our view, for consistency, setting the first slot overlapping with the long slot with DL data is a plausible approach.

For Case B), the PUCCH is transmitted in the indicated long TTI and the reference long TTI for HARQ-ACK timing calculation can be the long TTI overlapped with the short TTI with DL data. In this case, considering UCI overhead in a long TTI, some restriction (e.g., limiting the number of DL data cells with short TTI or not allowing cross-CC UCI transmission for the cell with very short TTI) may be necessary.
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Figure 2: Examples of UCI PUCCH transmission in NR CA

Proposal 1: For HARQ-ACK feedback between CCs with different numerologies, the slot in the PUCCH cell corresponding to K1 = 0 is determined as follows:

· If the slot duration of the PUCCH cell is longer than the PDSCH cell,

· The slot overlapping with the PDSCH slot

· If the slot duration of the PUCCH cell is shorter than the PDSCH cell,

· The first slot overlapping with the PDSCH slot

Regarding the support of one PUCCH in one cell group, it can be considered to configure PUCCH cell by semi-static manner, similar to LTE eCA. However, it may be beneficial to adopt dynamic switching of PUCCH cell within cell group by considering load balancing of UL control resource overhead across cells and flexible DL/UL configuration per cell in NR. Furthermore, under the CA between the cells with different numerology (e.g. different symbol duration), synchronization between multiple cells may also need to be considered, for example, in terms of TA group which would be discussed in the next section. In addition, considering introduction of analog (or hybrid) beamforming based operation in NR especially for high frequency band (e.g. above 6 GHz), it may also be necessary to consider CA with the cells operated with analog beamforming, for example, in terms of DCI/UCI transmission. 

2.2 Multiple timing advance groups in NR

Supporting multiple timing advances groups (TAGs) in NR carrier aggregation was agreed in RAN1 #88bis meeting. A follow-up agreement was made during the e-mail discussion after the RAN1 #89 meeting which is copied below:

•      For multiple timing advance groups
–     LTE timing difference requirement can be used as a starting point

•      FFS factors related to this requirement.

–     Support PRACH transmission for timing advance acquisition on SCC
If the DL data arrives at the UE much later than the DL control signal, the UE has to buffer the received DL data until the UE becomes ready to decode them. The amount of the delay difference between the DL data and the DL control that can be tolerated by the UE is obviously determined by the DL receive buffer available at the device. Therefore, the DL receive timing difference requirement can be determined based on the DL receive buffer size available at the UE. The buffering requirement depends on the DL receive bandwidth which is proportional to the data rate and hence to the amount of DL data that should be stored given the DL receive timing difference. Besides, CP overhead may also affect the buffering requirement at the UE because the CP portion doesn’t have to be stored at the UE, which eventually reduces the buffering needs at the receiver given the receive timing difference.

Proposal 2: Take into account the DL receive buffer size available at the UE, UE receive bandwidth capability and the CP overhead for determination of NR DL receive timing difference requirement.  

For multiple TAGs, it was agreed to support PRACH transmission for timing advance acquisition on secondary component carrier (SCC). Being in RRC-CONNECTED state, RACH procedure to acquire TA on the SCC can be initiated by PDCCH order. Once UE receives PDCCH order on subframe n, the UE transmits a random access preamble using a pre-configured PRACH resource after subframe n+k0, e.g., k0=6. Then eNB, upon successful reception of the preamble on subframe n, sends RAR message containing TA command to UE on some subframe, e.g., n+k1, within the RAR window the start and duration of which are configured in subframe units. UE then proceeds to send Msg3 on subframe n+k2 with the timing adjustment the amount of which is indicated in the RAR message received on subframe n. 

Considering a wide range of subcarrier spacings in NR, the timing in absolute time is widely different among different subcarrier spacings, e.g., 8 times shorter for 120 kHz subcarrier spacing than 15 kHz subcarrier spacing. And also keeping in mind that NR supports CA with different numerologies, it is needed to study how to define the timings for DL/UL transmission associated with random access procedure in NR carrier aggregation scenarios. Similar considerations should also be given to the timings related to the SCell activation/deactivation (e.g., deactivation timer, SRS transmission, CSI report, PDCCH monitoring, PHR trigger, etc.). 

Proposal 3: Consider indication of the timings for DL/UL transmissions associated with the random access procedure in absolute time as well as in slots or symbols under NR carrier aggregation.  

· PDCCH order to Msg1 transmission timing 

· RAR window timing

· RAR to Msg3 transmission timing 

· SCell activation/deactivation related timing

The TA command carries information on the negative timing offset, at the UE, between the start of the received downlink slot and that of the transmitted uplink slot to align the uplink and the downlink slots at the eNB. In LTE, the basic unit of TA command is always 16Ts, where 1Ts is 1/30720000 seconds. However considering a wide range of CP lengths in NR corresponding to the support of a wide range of subcarrier spacings, the single fixed value of the basic unit as in LTE does no longer provide sufficient granularity of timing adjustment for some numerologies, e.g., for large subcarrier spacings such as 120 kHz. Therefore, the discussion on how to provide sufficient TA control granularities for all numerologies in support should be discussed. For this, we propose a few options to consider as the basic unit of the TA command. 

Proposal 4: Consider the following options below for the basic unit of TA command:

· Opt.1
Fixed time (in us) regardless of the subcarrier spacing in use

· Opt.2
Scaled time (in us) according to the subcarrier spacing in use

· Opt.3
Configurable, e.g., by SIB or by any other signalling mechanism 

In addition to the basic unit of the TA command, maximum TA should be discussed for a complete description of the TA command to be carried in MAC RAR or MAC CE. The maximum TA determines the largest cell radius that a UE can support with the max TA value being increased as the distance to the transmission site is increased. The support of the larger maximum TA comes at the cost of a larger number of bits in a TA command. The implications of NR CA with different numerologies on the maximum TA should also be further discussed. In general, higher subcarrier spacing is expected to be used in conjunction with the higher frequency band in which case the maximum TA may be reduced without a major concern. In this case, both the basic unit of TA and the maximum TA can be scaled down in inverse proportion to the subcarrier spacing used in NR CA. If a TAG comprises CCs with different numerologies, to which subcarrier spacing the maximum TA refer needs to be determined. For example, the basic unit and the maximum TA can be determined in inverse proportion to the largest subcarrier spacing comprising the TAG. On the other hand, there may be cases we want to increase the TA granularity without reducing the maximum TA from LTE. In this case, scaling down the basic unit of TA only for TA tracking, i.e., for TA command in MAC CE, while leaving the maximum TA for initial TA, i.e., for TA command in MAC RAR, seems to be a plausible approach. 

Lastly, the implications of NR CA with different numerologies on the maximum UL timing difference requirement should be further discussed. Especially for determining the maximum UL transmit timing difference requirement, the impairments arising from the difficulty of power allocation to two UL transmissions with a large difference in TA values should be taken into account. For this, if UL CCs or slots with large subcarrier spacings are involved, putting more stringent requirement on the maximum UL transmit timing difference between NR CCs may also worth considering to avoid any harmful impact.

Proposal 5: Consider the maximum TA for NR with a wide range of subcarrier spacing and the maximum UL timing difference between NR CCs with different subcarrier spacing. 

2.3 Other considerations
For SRS carrier switching in NR, we need to further study especially on which aspects could be different from the LTE system. If we define for this discussion CC1 as the CC that the SRS carrier switching starts from and the CC2 as the CC that the SRS carrier switching starts to, for example, the selection of the SRS transmission resource (timing) on CC2 is related to the NR frame structure, PUCCH formats, slot type, mini-slot, etc., and the discussion on the collision handling would bring up many topics that have yet to be decided, e.g., the additional DMRS location of CC1 and how we deal with the switching time in NR, etc. We need more study and discussions on the topics listed in our proposal below. 
Proposal 6: The following aspects need to be studied for supporting SRS carrier switching in NR:

· Resources for SRS transmission

· Collision handling

· Potential restrictions on CC combination

· Switching time (and reduction)

· SRS switching among CCs different numerologies

3. Discussion on bandwidth parts

3.1. RRM and CSI related configuration details in wideband operation
In last meeting, there was a discussion in terms of handling RRM/CSI measurement which can be configured outside of active bandwidth part. When a UE needs to switch from current active BWP for its measurement, there are possibly two options to consider. First option is to ‘switch’ active BWP aligned with measurement configuration which may allow continuous data reception/transmission, yet, lead frequent BWP switching, and thus, may lead overhead to handle BWP switching procedure. The other option, which was agreed, is to treat that measurement can occur within a measurement gap, and thus a UE is not required to monitor CORESET during the measurement outside of active BWP. 

In our understanding, the current agreed behavior is to configure measurement configurations for RRM and/or CSI independently from BWP configurations. In this case, the configuration for measurement can be independently configured from BWP configurations. Though it can be considered to use BWP configuration framework even for measurement configuration, as each BWP has its associated CORESET where a UE is not required to monitor CORESET during the measurement gap, we consider it is more straightforward to configure measurement configurations independently from bandwidth part configurations. 

Proposal 7: Measurement configurations for each RRM and CSI feedback can be independently configured from bandwidth part configurations. No need to explicitly tie measurement gap configuration to one or more of bandwidth part configurations. 
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 8:  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 3: 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 [4], 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 9:  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 10:  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. 
3.2. Bandwidth part activation/deactivation 

In last meeting, it was agreed that explicit DCI can be used to activate/deactivate a BWP, and here we discuss further detail about this action. When a UE can be configured with N bandwidth parts, it needs to be clarified whether all N bandwidth parts can be dynamically switched via DCI or only a subset of BWPs are dynamically switched. We propose to adopt the latter to minimize DCI overhead or limit the maximum number of configurable BWPs. As agreed, semi-static configuration can also switch active BWP which may not need to be also dynamically switched. Furthermore, there can be BWP which is used according to timer (e.g., default BWP). In this sense, the subset of BWP configurations which can be dynamically switched can be indicated. As, so far, the motivation of BWP adaptation is to adopt minimum and maximum bandwidth that the UE supports for power efficient mode and high data rate use cases, another simple approach is to limit the maximum number of bandwidth part configurations to 2 for DL and UL respectively. One can be default BWP, and the other can be higher layer configured. 
Proposal 11:  Restrict the number of BWPs indicated by DCI to 2 or 4 (1 or 2 bit DCI overhead). To achieve this, consider either restricting the number of configured BWPs or configuring a subset of configured BWPs which can be dynamically switched. 

It was also agreed that timer can be used for switching active BWP to the default BWP (or other smaller BWP), and detailed mechanism of timer-based solution was left as FFS. About this mechanism, DRX-like mechanism also can be used for active BWP switching. For example, a UE can be configured with two BWPs where one BWP is targeted for power efficient state and another one is for active state in DRX-like mechanism. In power efficient state, a UE can active small BWP for both control and data. The transition between power efficient state and active state can be done similar to DRX or can be semi-statically changed. Figure 4 shows an example of DRX-like BWP switching mechanism. During power efficient state, a UE may switching active BWP to larger BWP during ‘On Duration’. If there are data scheduled for the larger bandwidth, it may switch to active state, then the UE will active larger BWP. Otherwise, it can go back to power efficient state. Or, during OnDuration, a UE can monitor smaller BWP or default BWP, and switches to larger BWP once it detects active scheduling by the network. Similarly, for uplink, the UE may switch to larger UL BWP after it transmits BSR (or possibly based on threshold of BSR). 
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Figure 4. DRX-like mechanism for active BWP switching

Proposal 12:  DRX-like mechanism for active BWP switching is supported in NR.

Furthermore, it is FFS whether to adopt MAC-CE based BWP switching. DCI based BWP switching can be inefficient if DCI size for each BWP is different, and CORESET configurations among BWP is changed (and thus ambiguity may occur). Furthermore, to switch BWP, scheduling DCI needs to be transmitted. Moreover, in case BWP switching does not occur very often, carrying extra overhead in every DCI becomes inefficient. In this sense, MAC-CE based switching should be also supported where an option to switch BWP (by semi-static and/or MAC-CE and/or DCI) can be configured. A hybrid option can be also considered where a subset of BWPs are dynamically indicated by MAC-CE, and one BWP is selected by dynamic DCI. 

Proposal 13:  MAC-CE based BWP switching is also supported.

3.3. Default DL/UL BWP

As agreed, the initial active DL/UL BWP is considered as default DL/UL BWP. It was discussed whether the UE returns to default DL/UL BWP when a certain condition(s) are met. For example, if a UE does not receive control for a long time, then it can be considered that the UE fallbacks to default BWP. However, the necessity of fallback may also depend on the design of BWP configurations. In terms of configuring multiple BWPs, the following options can be considered. 

(1) All BWPs are sharing at least one CORESET including default BWP.  In other words, CORESET for RMSI can be shared for all configured BWP. Thus, without going back to another BWP or default BWP, the UE is able to always receive control information via the common CORESET. To minimize the ambiguity of resource allocation, it can be assumed that the common CORESET schedules data within only default BWP. This means that frequency region of default BWP can belong to all the configured BWPs. However, this may not address effectively if different numerologies are used between default BWP and other BWPs. 
(2) When the configured BWP uses different numerology from default BWP, semi-static pattern of BWP switching to default BWP can be considered. For example, to check RMSI at least periodically, switching to default BWP can be considered. This can be necessary particularly when BWPs use different numerologies. 
Proposal 14:  When more than one numerologies are supported by a UE, and a UE can be configured with BWPs with different numerologies, consider a semi-static time-pattern to allow switching to default DL/UL BWP. For BWP with the same numerology to that of default BWP, at least one common CORESET between each BWP and default BWP is supported.
4. Conclusion
In this contribution, we discussed carrier aggregation aspects, measurement configurations in wideband operation and BWP activation/deactivation. Our proposals are as follows;
Proposal 1: For HARQ-ACK feedback between CCs with different numerologies, the slot in the PUCCH cell corresponding to K1 = 0 is determined as follows:

· If the slot duration of the PUCCH cell is longer than the PDSCH cell,

· The slot overlapping with the PDSCH slot

· If the slot duration of the PUCCH cell is shorter than the PDSCH cell,

· The first slot overlapping with the PDSCH slot
Proposal 2: Take into account the DL receive buffer size available at the UE, UE receive bandwidth capability and the CP overhead for determination of NR DL receive timing difference requirement.  

Proposal 3: Consider indication of the timings for DL/UL transmissions associated with the random access procedure in absolute time as well as in slots or symbols under NR carrier aggregation.  

· PDCCH order to Msg1 transmission timing 

· RAR window timing

· RAR to Msg3 transmission timing 

· SCell activation/deactivation related timing

Proposal 4: Consider the following options below for the basic unit of TA command:

· Opt.1
Fixed time (in us) regardless of the subcarrier spacing in use

· Opt.2
Scaled time (in us) according to the subcarrier spacing in use

· Opt.3
Configurable, e.g., by SIB or by any other signalling mechanism 
Proposal 5: Consider the maximum TA for NR with a wide range of subcarrier spacing and the maximum UL timing difference between NR CCs with different subcarrier spacing. 

Proposal 6: The following aspects need to be studied for supporting SRS carrier switching in NR:

· Resources for SRS transmission

· Collision handling

· Potential restrictions on CC combination

· Switching time (and reduction)

· SRS switching among CCs different numerologies
Proposal 7: Measurement configurations for each RRM and CSI feedback can be independently configured from bandwidth part configurations. No need to explicitly tie measurement gap configuration to one or more of bandwidth part configurations. 
Proposal 8:  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 9:  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 10:  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 11:  Restrict the number of BWPs indicated by DCI to 2 or 4 (1 or 2 bit DCI overhead). To achieve this, consider either restricting the number of configured BWPs or configuring a subset of configured BWPs which can be dynamically switched. 

Proposal 12:  DRX-like mechanism for active BWP switching is supported in NR.

Proposal 13:  MAC-CE based BWP switching is also supported.

Proposal 14:  When more than one numerologies are supported by a UE, and a UE can be configured with BWPs with different numerologies, consider a semi-static time-pattern to allow switching to default DL/UL BWP. For BWP with the same numerology to that of default BWP, at least one common CORESET between each BWP and default BWP is supported.

5. Reference

[1] RAN1 chairman’s notes, RAN1#88bis
[2] RAN1 chairman’s notes, RAN1#89
[3] RAN1 chairman’s notes, RAN1#90
[4] R1-1704179 Reply LS on UE RF bandwidth adaptation in NR
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