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[bookmark: _Ref494746248]Introduction
This contribution discusses issues in CA and BWP for NR including unified framework for CA and BWP handling, timeline with activation/deactivation, and CA with mixed numerology. 
One issue under discussion in RAN1 is the relationship between CA and BWP. In RAN1 NR AH#3 (2017), the following agreements were made regarding the relationship between CA and BWP:
· For each UE-specific serving cell, one or more DL BWPs and one or more UL BWPs can be configured by dedicated RRC for a UE
· FFS association of DL BWP and UL BWP
· FFS definition of an active cell in relation to DL BWP and UL BWP, whether or not there are cross-cell/cross-BWP interactions
· In Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell
This is a revision of R1-1716440.
[bookmark: _Ref494671767]SCell Activation/Deactivation and BWP
Motivation
In RAN1 NR AH#3 (2017), it has already been agreed that BWP activation/deactivation/switching is signaled via DCI. It has also been agreed that from the UE perspective, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell. For PCell, there is more clarity because PCell is always activated by definition, so the only issues are simply to define the configuration of BWP (i.e., how to define the initial BWP, the default BWP, etc), and the BWP switching rules. For SCell, the question remains regarding the relationship between SCell activation/deactivation and BWP activation/deactivation. Currently, there is a proposal that SCell activation/deactivation would be based on a scheme similar to LTE, and to support BWP, we have to define the BWP behavior when SCell is activated/deactivated, and how that can be configured. While it is a workable approach, it is worth taking a step back and remind ourselves the main motivation of BWP, and see whether this approach is consistent with it.
One of the main motivations for dynamic BW adaptation (via BWP switching) is for power saving. In the context of CA, if activation/deactivation of SCell is significantly slower than dynamic BW adaptation on the PCell, the extent of power saving attainable would diminish. In particular, for wideband Rx for intraband CA architecture, the activation/deactivation of SCell would dictate the time scale by which the overall RF bandwidth can adapt. 
For NR, while SCell configuration via RRC is acceptable and can be reused from LTE, there could be two options for SCell activation. Option 1 is to reuse LTE, i.e. SCell activation is based on MAC-CE. In Section 3, timeline analysis has been discussed: For NR, because of shorter slot structure and lower latency, even for MAC CE signaling, SCell activation can be sped up compared to LTE. However, as discussed in the paragraph above, this still results in a mismatch in the BW adaptation timescale between PCell and SCell, and the slower SCell activation could limit the potential power saving due to PCell BW adaptation.
One could argue that the mismatch is due to comparing BWP switching (in PCell) and SCell activation. We could instead just keep SCell activated and then there would be no mismatch between BWP switching in PCell and SCell, because it has been agreed that regardless of Cell type, DCI signaling is used for BWP switching. However, this argument overlooks one important intention of BWP switching – which is to switch between narrower BW and wider BW. If SCell is activated most of the time, and at least one of its BWP must be active, this could dictate the overall RF bandwidth and render BWP switching between narrow and wide BW pointless, from the UE power saving perspective.
From the point of view of adapting overall RF bandwidth for power saving, it follows that SCell activation/deactivation should align to the time scale of BWP switching in PCell. This means SCell activation/deactivation should also be signaled via DCI.
If SCell activation and SCell BWP activation are both signaled via DCI, a natural question arises: Can the two signaling framework be unified?
In the following, a design approach based on extending the BWP signaling framework to perform SCell activation/deactivation will be discussed.
SCell Activation/Deactivation via BWP Signaling
In our view, CC and BWP management should be handled via a common framework, i.e., pre-configuration via UE-specific RRC and unified activation/deactivation including CC and BWP as explained above. We consider adopting a unified handling for CA/BWP activation/deactivation instead of separate activation/deactivation for CA and BWP. 
Extending BWP Framework for PCell to SCell
SCell activation/deactivation is an issue that has to be handled. We can leverage the BWP framework from PCell and apply that to SCell. Similar to PCell, there is always one active BWP for each link direction for a SCell. When a SCell is configured, its activated/deactivated state is solely derived from the state of its associated BWP.
If one of the BWP configured (implicitly or explicitly) for the SCell can map to the SCell deactivated state, we can have a nice framework to support SCell activation/deactivation completely based on BWP switching. More details will be discussed in the following sections.
SCell Activation/Deactivation Considerations
For all CCs, there will be BWP/CA configuration via UE-specific RRC. For each CC, multiple BWPs can be configured. BWP configuration for SCell can be done as part of SCell configuration. For SCell activation/deactivation, given the existence of BWP, no separate activation/deactivation is necessary in NR. In other words, if any BWP is activated in SCell, SCell is considered to be activated. If all the BWPs are deactivated, SCell is considered to be deactivated. In order to provide robust operation with activation/deactivation of BWP/CA, ACK response should be associated with the activation/deactivation indication in DCI. For BWP activation, it was agreed that BWP can be activated via a scheduling DCI with grant. In addition to the scheduling DCI, BWP activation via a DCI without grant is for further study [3]. It should be noted that the BWP activation via a scheduling DCI with grant assumes that UE performs pre-measurements/reporting of CSI on new BWP. This may not be desirable especially for UE in narrowband BWP mode for power saving. Thus, it will be beneficial to allow activation via a DCI without grant. In this way, UE can first activate a new BWP, perform measurements/reporting and NW can start scheduling in the new BWP. Someone can argue that this has a longer latency but in fact the actual latency may not be different between DCI-based activation with or without grant from the point when NW requests a CSI reporting for a new BWP. Especially for cross-carrier BWP activation (SCell activation), it is proposed that BWP activation without grant only be used to avoid confusion in A/N codebook for error events. For the case of BWP activation/deactivation without grant, ACK resource needs to be determined based on DCI itself given there is no grant. For example, there can be RRC configured multiple ACK resources and DCI can indicate the ACK resource to use.
[bookmark: _Toc494704852][bookmark: _Toc494713150][bookmark: _Toc494713324][bookmark: _Toc494713412][bookmark: _Toc494734980][bookmark: _Toc494735046][bookmark: _Toc494735623][bookmark: _Toc494745987][bookmark: _Toc494746304]Proposal 1: NR adopts a unified framework for configuration/activation/deactivation of CC and BWP.
For each CC, BWP(s) are configured via UE-specific RRC
L1 activation/deactivation of BWP via DCI followed by ACK
· Both DCI with grant and without grant is supported
No separate activation/deactivation of SCell in NR
· If any BWP is activated in SCell, SCell is considered to be activated. If all the BWPs are deactivated, SCell is considered to be deactivated.
· Zero BWP is considered to map to the SCell deactivated state
For cross-carrier BWP activation (SCell activation), BWP activation without grant is used only (i.e., no cross-carrier BWP activation with a scheduling DCI with grant)
There is at least one BWP configured for the SCell, and there must be a BWP designated as the “default BWP”. The default BWP is the BWP for timer fallback. There can be a special BWP, called the “zero BWP”, whose purpose is to map to the SCell deactivated state. Zero BWP can be considered one of the BWP configurations associated with the SCell. When the timer expires, active BWP is switched to the default BWP. In the case of SCell, we propose “zero BWP” to be the default BWP. This implies SCell is deactivated after the timer expiration. There can also be explicit BWP switching DCI to switch the active BWP to the zero BWP. This also effectively deactivates the SCell.
[bookmark: _Toc494704853][bookmark: _Toc494713151][bookmark: _Toc494713325][bookmark: _Toc494713413][bookmark: _Toc494734981][bookmark: _Toc494735047][bookmark: _Toc494735624][bookmark: _Toc494745988][bookmark: _Toc494746305]Proposal 2: Zero BWP is the default BWP for SCell for timer fallback.
This framework may be extended to multiple active BWP case, but because multiple active BWP is not targeted for Rel 15 Phase 1, the discussion will be deferred.
Please also see our companion contribution [5] with discussion on some issues related to BWP, and RAN4 contribution on CA and BWP [6].

Group Activation of Multiple SCell
If multiple SCell need to be activated, instead of sending individual BWP DCI to activate the BWP configured for each SCell, a group BWP DCI can be supported. Group BWP DCI contains no grant; It contains the activation information for the BWP configured for the SCell. In the most generic form, the supported combinations of BWP activation state in association with SCell identification can be organized in a table that is known by both gNB and UE, either based on specification or configuration (e.g. UE-specific RRC signaling). Group BWP DCI may indicate which entry of the table is selected. In another example, some form of explicit/implicit indication of SCell identification and BWP activation can be signalled in the DCI without the need for a table.
[bookmark: _Toc494674863][bookmark: _Toc494674953][bookmark: _Toc494704858][bookmark: _Toc494713153][bookmark: _Toc494713327][bookmark: _Toc494713415][bookmark: _Toc494734982][bookmark: _Toc494735048][bookmark: _Toc494735625][bookmark: _Toc494745989][bookmark: _Toc494746306]Proposal 3: Group SCell activation via group BWP DCI (without grant) should be supported in NR.
Similar to BWP DCI to activate a single SCell, UE should send ACK for successful decoding of the group BWP DCI. The dedicated BWP DCI should specify the UL control resources to be used for transmission of the ACK.
[bookmark: _Toc494674864][bookmark: _Toc494674954][bookmark: _Toc494704859][bookmark: _Toc494713154][bookmark: _Toc494713328][bookmark: _Toc494713416][bookmark: _Toc494734983][bookmark: _Toc494735049][bookmark: _Toc494735626][bookmark: _Toc494745990][bookmark: _Toc494746307]Proposal 4: NR supports ACK feedback for successful decoding of the BWP DCI or the group BWP DCI. The dedicated BWP DCI should specify the UL control resources to be used for transmission of the ACK

Deactivation of SCell
To deactivate a SCell, gNB can switch the active BWP to the zero BWP. This can be done either via dedicated BWP DCI (without grant), or by timer expiration for the SCell if the default BWP is also the zero BWP. Note that this is the same timer as proposed for BWP as a robustness measure. When the timer expires due to scheduling inactivity or error condition between gNB and UE (for being out-of-sync on the active BWP), the active BWP switches to the default BWP.
For group deactivation of SCell, a dedicated group BWP DCI can be transmitted on the PCell’s active BWP. The same method as group SCell activation can be used but modified to signal deactivation.

C-DRX and Fast SCell Activation/Deactivation
In LTE, because SCell activation/deactivation is signalled via MAC CE, the latency can be quite long. In typical deployment, SCell activation/deactivation is not very dynamic. It would be based on the UE’s near-term traffic loading and/or the basestation’s load-balancing need across carriers.
[bookmark: _Hlk494734875]Typically, connected mode DRX (C-DRX) is configured for UE power saving, and for mobile broadband, a typical configuration in LTE is DRX cycle of 320 milliseconds and inactivity timer of 100~200 milliseconds. C-DRX operation is common across component carriers (CC), i.e. if the DRX state is ON duration, then all CC are undergoing the ON duration together. Based on DoU profiling results, even with C-DRX enabled, UE typically consumes significant amount of power monitoring PDCCH without decoding any grant [3]. With SCells being activated, the problem is multiplied as all these SCells all require PDCCH monitoring. This is significant power drain. One remedy is to use cross-carrier scheduling, so that PDCCH monitoring is performed only on the PCell. However, this has issues on its own, for example, when the number of SCell is large, the burden on PCell DL control capacity could be too much, and is not a very scalable solution.
Another solution is fast SCell activation/deactivation. UE is first only configured with PCell, and it undergoes C-DRX with PCell only. It may spend significant amount of time and energy monitoring PDCCH, but at least the problem is not multiplicative across more carriers. Only when the amount of traffic is large enough, SCells are activated and it can be done quickly. Traffic is transferred across all activated cells. After the traffic burst tapers off, SCells can be quickly deactivated. Cycles of SCell activation/deactivation can happen within a DRX cycle, more closely tracking the instantaneous traffic load.  However, it is not yet clear cross-carrier scheduling can be efficient given the shorter slot duration and much more frequent cadence of DL control channel. Fast SCell activation/deactivation with same-carrier scheduling provides a good solution to keep UE power consumption in check. It is estimated that 1/3 of power saving can be attained by monitoring PDCCH only on PCell compared to all cells for a UE operating with eight mmW carriers.
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[bookmark: _Ref494669756]Figure 1: Fast SCell activation/deactivation via BWP signaling

Figure 1 illustrates a scenario with PCell and 4 SCells. Assume that SCell and associated BWP configuration have been done previously via RRC signalling. In the first DRX cycle, only PCell is monitored during ON duration of the DRX cycle. The BWP used for PDCCH monitoring could be optimized in this case. No grant was decoded. In the second DRX cycle, gNB activates SCells via group BWP DCI for BWP activation. SCell measurement and feedback can be done. Afterwards, data transmission can be scheduled on the SCells. When the traffic burst has tapered off, SCells can be quickly deactivated either by group BWP DCI or timer expiration. In the 3rd and 5th DRX cycles, no grant was decoded and only PCell PDCCH is monitored. In the 4th DRX cycle, traffic is scheduled and SCells are quickly activated and deactivated to handle the burst.
It should be easily understood how this would be more power efficient than a scheme where SCells are activated/deactivated more slowly and less frequently. If SCells are not deactivated near the end of the 2nd DRX cycle, and are kept activated through the 4th DRX cycle, all SCells would to monitor PDCCH in the 3rd DRX cycle, draining power unnecessarily.
[bookmark: _Ref494735667]Timeline for CA and BWP activation/deactivation
In LTE, CA activation/deactivation command is carried in MAC control element (CE) which is transferred over PDSCH. If the MAC-CE command is carried in subframe n, UE sends acknowledgement to the MAC-CE command in subframe n+4. UE starts to perform activation activity related to MAC in subframe n+8, and is ready to transmit valid CSI report no later than subframe n+24 in normal cases (i.e., for a detected/measured SCell) [1, Section 7.7]. In this case, the overall CA activation latency is up to 24ms.
[image: ]
Figure 2: CA activation timeline in LTE
 (The PCell interruption time is one subframe for inter-band CA and up to 5 subframes for intra-band CA [1, Section 7.8.2], and is parallel to the above timeline.)
In NR, if the CA/BWP activation command is MAC CE-based, the acknowledgement to CA/BWP activation is defined by K1 slots and N1 symbols in the current HARQ framework (Note that this is for the purpose of timeline analysis and we are proposing DCI-based CA/BWP activation/deactivation). The CA/BWP activation timeline can be much shorter than that of LTE due to the improved HARQ timeline. Furthermore, current NR tracking RS (TRS) framework allows much faster adaptation relative to LTE loop convergence bases on CRS [2]. As a result, the UE should be able to be ready to report valid CSI much earlier than the n+24 timeline in LTE as long as TRS is provided with respect to the activation timeline. NR CA/BWP activation timeline based on MAC-CE command is shown in Figure 3. It should be noted that Error! Reference source not found. is the timeline at the UE.


[bookmark: _Ref494735537]Figure 3: Shortened CA/BWP activation timeline based on MAC-CE command with fast tracking RS adaptation
We can further improve the CA/BWP activation timeline for DCI-based activation given there is no corresponding PDSCH decoding and additional latency in MAC. Depending on the UE capability, acknowledgement to CA/BWP activation DCI could be transmitted even within the same slot as the activation DCI. This is illustrated in Figure 4.


[bookmark: _Ref494735570]Figure 4: Shortened CA/BWP activation timeline based on DCI-based command with fast tracking RS adaptation
[bookmark: _Toc494704851][bookmark: _Toc494713149][bookmark: _Toc494713323][bookmark: _Toc494713411][bookmark: _Toc494734979][bookmark: _Toc494735045][bookmark: _Toc494735617][bookmark: _Toc494746301]Observation 1: DCI-based CA/BWP activation/deactivation command provides shorter latency than the MAC CE-based activation/deactivation.
[bookmark: _Toc494704861][bookmark: _Toc494713155][bookmark: _Toc494713329][bookmark: _Toc494713417][bookmark: _Toc494734984][bookmark: _Toc494735050][bookmark: _Toc494735627][bookmark: _Toc494745991][bookmark: _Toc494746308]Proposal 5: Improved CA/BWP activation/deactivation timeline should be considered for NR compared to LTE.
· ACK timing and action time for CA/BWP activation/deactivation should be further studied in RAN1.
· Improved overall CA/BWP activation timeline that UE is ready to report valid CSI report should be further studied in RAN4.
CA with mixed numerology
In our view, this should be in general deprioritized but we keep it for the sake of discussion in case mixed numerology still needs to be discussed for SUL.
Scheduling
Cross carrier scheduling with mixed numerology was already agreed for NR. Figure 1 shows two cases for cross carrier DL scheduling with mixed numerology. One case is a larger SCS scheduling a smaller SCS and the other case is opposite. Current HARQ framework with slot (K0) and symbol granularity (N0) for DL data scheduling, further clarification/agreement is necessary to clearly define the distance between the end of PDCCH and the start of data scheduling. For case 1, there can be ambiguities on:
· Do we first allow PDCCH on slot 2n+1 allows scheduling in slot m?
· To restrict UE complexity, it is proposed that cross carrier scheduling is allowed toward equal or later slot only (defined by the beginning of the slot). In other words, slot 2n+1 cannot schedule the data in slot m. Otherwise, we will introduce additional complexity compared to the same numerology scheduling (i.e., similar to allowing PDCCH anywhere in slot for slot-based scheduling).
· How to define K0 from slot 2n and 2n+1 respectively
· It was agreed that the distance between the end of PDCCH and the start of PDSCH is based on the numerology of data transmission. Slot m is considered as K0=0 for both slot 2n and slot 2n+1. Therefore, when a larger SCS schedules a smaller SCS, it is proposed that the overlapping slot is considered as K0=0.
[bookmark: _Toc494713330][bookmark: _Toc494713418][bookmark: _Toc494734985][bookmark: _Toc494735051][bookmark: _Toc494735628][bookmark: _Toc494745992][bookmark: _Toc494746309]Proposal 6: Cross carrier slot-based scheduling is allowed toward equal or later slot only (defined by the beginning of the slot).
[bookmark: _Toc494713331][bookmark: _Toc494713419][bookmark: _Toc494734986][bookmark: _Toc494735052][bookmark: _Toc494735629][bookmark: _Toc494745993][bookmark: _Toc494746310]Proposal 7: When a larger SCS schedules a smaller SCS for DL data, the overlapping slot is considered as K0=0.
For case 2, K0 definition also needs clarification. For example, should we call slot 2n+1 as K0=0 or 1? If we try to be based on the numerology of the data transmission, K0=1 may be more adequate. Otherwise, we need to introduce N0 larger than 14. When a smaller SCS schedules a larger SCS, it is proposed that K0=0 is defined for the slot whose beginning slot boundary is aligned with the beginning slot boundary with PDCCH.
[bookmark: _Toc494713332][bookmark: _Toc494713420][bookmark: _Toc494734987][bookmark: _Toc494735053][bookmark: _Toc494735630][bookmark: _Toc494745994][bookmark: _Toc494746311]Proposal 8: When a smaller SCS schedules a larger SCS for DL data, K0=0 is defined for the slot whose beginning slot boundary is aligned with that of the slot containing PDCCH with DL grant.
Another issue with cross carrier scheduling is whether to have a joint grant or separate grant. For case 1, cross carrier scheduling is not different from the cross carrier scheduling with same numerology in terms of necessary grants. For case 2, given multiple slots overlapping with the slot with PDCCH, there can be a separate DCI per grant or a joint DCI for multiple grants. For scalable design, a separate DCI per grant is beneficial. On the other hand, a joint grant will be more spectrally efficient in terms of resource utilization. Some restrictions may be necessary in order not to increase the DCI proportional to the number of grants.
[bookmark: _Toc494713333][bookmark: _Toc494713421][bookmark: _Toc494734988][bookmark: _Toc494735054][bookmark: _Toc494735631][bookmark: _Toc494745995][bookmark: _Toc494746312]Proposal 9: A separate DCI per grant is supported for cross carrier scheduling with mixed numerology. A joint grant is also supported for NR.
Although Figure 1 shows DL scheduling, same case exists for UL data scheduling. Proposal 1 through 3 can be applicable for both DL and UL scheduling. Therefore, the following additional proposals can be made.
[bookmark: _Toc494713334][bookmark: _Toc494713422][bookmark: _Toc494734989][bookmark: _Toc494735055][bookmark: _Toc494735632][bookmark: _Toc494745996][bookmark: _Toc494746313]Proposal 10: When a larger SCS schedules a smaller SCS for UL data, the overlapping slot is considered as K2=0.
[bookmark: _Toc494713335][bookmark: _Toc494713423][bookmark: _Toc494734990][bookmark: _Toc494735056][bookmark: _Toc494735633][bookmark: _Toc494745997][bookmark: _Toc494746314]Proposal 11: When a smaller SCS schedules a larger SCS for UL data, K2=0 is defined for the slot whose beginning slot boundary is aligned with that of the slot containing PDCCH with UL grant.


(a) Case 1: Larger SCS scheduling smaller SCS


(b) Case 2: Smaller SCS scheduling larger SCS
Figure 5: Cross carrier DL scheduling with mixed numerology

HARQ feedback handling
Cross carrier acknowledgement with mixed numerology was also agreed for NR. Figure 2 shows two cases for cross carrier acknowledgement with mixed numerology for DL scheduling. Case 1 is when A/N is transmitted on a carrier with smaller SCS. Case 2 is the other case. 
For case 1, similar to data scheduling in subsection 2.1, the following proposals are made.
[bookmark: _Toc494713336][bookmark: _Toc494713424][bookmark: _Toc494734991][bookmark: _Toc494735057][bookmark: _Toc494735634][bookmark: _Toc494745998][bookmark: _Toc494746315]Proposal 12: When A/N is transmitted on a carrier with a smaller SCS, the overlapping slot is considered as K1=0.
For case 2, K1 definition needs some clarification. The following is proposed.
[bookmark: _Toc494713337][bookmark: _Toc494713425][bookmark: _Toc494734992][bookmark: _Toc494735058][bookmark: _Toc494735635][bookmark: _Toc494745999][bookmark: _Toc494746316]Proposal 13: When A/N is transmitted on a carrier with a larger SCS, K1=0 is defined for the slot whose ending slot boundary is aligned with that of the slot containing PDSCH.
In other words, slot 2n+1 becomes K1=0. Slot 2n+2 is K1=1, 2n+3 is K1=2 and so on.



(a) Case 1: A/N transmitted on a carrier with smaller SCS


(b) Case 2: A/N transmitted on a carrier with larger SCS
Figure 6: Cross carrier ACK transmission with mixed numerology

Group common PDCCH with CA
Group common PDCCH is used for dynamic indication of SFI in NR. By default we can consider the scope of SFI carried by GC PDCCH is limited to its own CC. On the other hand, in the case where cross carrier is deployed (e.g., control in sub-6 and data in mmW), it may be beneficial to carry the SFI for cross carrier as well. Therefore, it is proposed to support cross carrier GC PDCCH.
[bookmark: _Toc494713338][bookmark: _Toc494713426][bookmark: _Toc494734993][bookmark: _Toc494735059][bookmark: _Toc494735636][bookmark: _Toc494746000][bookmark: _Toc494746317]Proposal 14: NR supports cross carrier group common PDCCH.


(a) Cross carrier GC PDCCH from a larger SCS carrier


(b) Cross carrier GC PDCCH from a smaller SCS carrier
Figure 7: Group common PDCCH with mixed numerology

Power control with mixed numerology
UL CA will also be supported with NR. When UL CCs have different numerologies, UE transmit power changes in the middle of the slot with a smaller SCS due to the slot boundary with a larger SCS. This may cause the gate state switching which causes phase discontinuity. Phase discontinuity will lead to demodulation performance degradation due to the mismatch between estimated channel and the channel experienced by the data channel. Due to this reason, it is proposed to have a single PC group corresponding to a group of the same numerology per band. CCs in inter-band CA can have individual PC group, given the use of separate PA/RF chains.
[bookmark: _Toc494713339][bookmark: _Toc494713427][bookmark: _Toc494734994][bookmark: _Toc494735060][bookmark: _Toc494735637][bookmark: _Toc494746001][bookmark: _Toc494746318]Proposal 15: NR supports a single power control group corresponding to a group of the same numerology per band.
Rel-15 NR CA workplan
It has been already agreed that NR supports CA with mixed numerology including cross-carrier scheduling and joint UCI feedback. Considering the complexity of handling different length slots with DCI/UCI/CSI/UL TA and considering the tight timeline for Rel-15 phase 1, RAN1 may consider introducing the feature in a phased manner, i.e.,
[bookmark: _Toc494713340][bookmark: _Toc494713428][bookmark: _Toc494734995][bookmark: _Toc494735061][bookmark: _Toc494735638][bookmark: _Toc494746002][bookmark: _Toc494746319]Proposal 16:
· For Rel-15 phase 1 (Dec 2017), introduce the support of cross carrier DCI/UCI/CSI/UL TA within a group of the same numerology. 
· For Rel-15 phase 2 (June 2018), introduce the support of cross carrier DCI/UCI/CSI between mixed numerology.
This just shows one way of achieving a phased introduction for NR CA but other approaches can be discussed and considered.
Conclusions
This contribution has presented issues in CA and BWP for NR including unified framework for CA and BWP handling, timeline with activation/deactivation, and CA with mixed numerology. We also discussed the scope for Rel-15 NR CA related to mixed numerology. The following observation and proposals have been made:

Observation 1: DCI-based CA/BWP activation/deactivation command provides shorter latency than the MAC CE-based activation/deactivation.

Proposal 1: NR adopts a unified framework for configuration/activation/deactivation of CC and BWP.
For each CC, BWP(s) are configured via UE-specific RRC
L1 activation/deactivation of BWP via DCI followed by ACK
· Both DCI with grant and without grant is supported
No separate activation/deactivation of SCell in NR
· If any BWP is activated in SCell, SCell is considered to be activated. If all the BWPs are deactivated, SCell is considered to be deactivated.
· Zero BWP is considered to map to the SCell deactivated state
For cross-carrier BWP activation (SCell activation), BWP activation without grant is used only (i.e., no cross-carrier BWP activation with a scheduling DCI with grant)
Proposal 2: Zero BWP is the default BWP for SCell for timer fallback.
Proposal 3: Group SCell activation via group BWP DCI (without grant) should be supported in NR.
Proposal 4: NR supports ACK feedback for successful decoding of the BWP DCI or the group BWP DCI. The dedicated BWP DCI should specify the UL control resources to be used for transmission of the ACK
Proposal 5: Improved CA/BWP activation/deactivation timeline should be considered for NR compared to LTE.
Proposal 6: Cross carrier slot-based scheduling is allowed toward equal or later slot only (defined by the beginning of the slot).
Proposal 7: When a larger SCS schedules a smaller SCS for DL data, the overlapping slot is considered as K0=0.
Proposal 8: When a smaller SCS schedules a larger SCS for DL data, K0=0 is defined for the slot whose beginning slot boundary is aligned with that of the slot containing PDCCH with DL grant.
Proposal 9: A separate DCI per grant is supported for cross carrier scheduling with mixed numerology. A joint grant is also supported for NR.
Proposal 10: When a larger SCS schedules a smaller SCS for UL data, the overlapping slot is considered as K2=0.
Proposal 11: When a smaller SCS schedules a larger SCS for UL data, K2=0 is defined for the slot whose beginning slot boundary is aligned with that of the slot containing PDCCH with UL grant.
Proposal 12: When A/N is transmitted on a carrier with a smaller SCS, the overlapping slot is considered as K1=0.
Proposal 13: When A/N is transmitted on a carrier with a larger SCS, K1=0 is defined for the slot whose ending slot boundary is aligned with that of the slot containing PDSCH.
Proposal 14: NR supports cross carrier group common PDCCH.
Proposal 15: NR supports a single power control group corresponding to a group of the same numerology per band.
Proposal 16:
· For Rel-15 phase 1 (Dec 2017), introduce the support of cross carrier DCI/UCI/CSI/UL TA within a group of the same numerology. 
· For Rel-15 phase 2 (June 2018), introduce the support of cross carrier DCI/UCI/CSI between mixed numerology.
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