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1 Introduction

It was agreed on NR carrier aggregation that
RAN1 #AH Agreements:
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
Working assumptions

•      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.

Further discussion for the next meeting:

· 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

–     FFS The possibility of the configuration of multiple carriers transmitting the PUCCH in a cell group

–     This does not preclude on PUCCH fast carrier switching

RAN1 #88bis Agreements:
· For carrier aggregation, multiple timing-advance groups are supported

–     FFS: The number of timing advance groups

In this contribution, we provide input to several issues related to NR carrier aggregation.
2 Discussion

2.1 General functionalities

In LTE carrier aggregation has been extensively discussed. At least the following functionalities are relevant in NR [3]:

· PUCCH group: either primary PUCCH group or a secondary PUCCH group.
· Primary PUCCH group: a group of serving cells including PCell whose PUCCH signaling is associated with the PUCCH on PCell.
· Secondary PUCCH group: a group of SCells whose PUCCH signaling is associated with the PUCCH on the PUCCH SCell.
· PUCCH-SCell: a Secondary Cell configured with PUCCH.
· Component Carrier Types: In the downlink, the carrier corresponding to an SCell is a Downlink Secondary Component Carrier (DL SCC) while in the uplink it is an Uplink Secondary Component Carrier (UL SCC). In the downlink, the carrier corresponding to an SCell is a Downlink Secondary Component Carrier (DL SCC) while in the uplink it is an Uplink Secondary Component Carrier (UL SCC). 
· Primary Timing Advance Group: Timing Advance Group containing the PCell. Primary Timing Advance Group refers also to Timing Advance Group containing the PSCell.
· Secondary Timing Advance Group: Timing Advance Group containing neither the PCell nor PSCell.
Proposal 1: For NR carrier aggregation, agree to introduce PUCCH groups including Primary PUCCH group and Secondary PUCCH group(s), component carrier types including PCC and SCC, and timing advance groups including Primary Timing Advance Group and Secondary Timing Advance Group(s).

2.2 Cross-carrier scheduling
PDCCH related issues
In LTE, it is defined that common search space  (CSS) can only be transmitted in PCC. For user-specific search space (USS), each carrier has dependent USS in both self-carrier scheduling and cross-carrier scheduling, and each DCI indicates the transmission corresponding to specific carrier. When a UE is configured with multiple carriers, it has to monitor multiple search spaces for multiple carriers. This leads to the increasing of the DCI blind decoding attempts and the corresponding power consumption in multi- carrier scenario. 
In NR, the LTE PDCCH search space design should be seen as a baseline. Some further improvements can be considered. One potential direction is that CSS can be transmitted in SCC. In this case some UEs can be configured to search USS in SCC to receive such as group common PDCCH. Since the usage of group common PDCCH may be extended in NR,  it will be beneficial if some common DCI can be offloaded into SCC. As for USS, some enhancements can be further discussed. First, if multiple carriers can share the same USS, the number of blind decoding attempts will be decreased. The carriers sharing the same USS can be configured by DCI or high-layer signaling. Second, transmission on multiple carriers can be indicated by one DCI. In other words, one DCI is able to schedule multiple carriers and this would reduce the DCI overhead.
To conclude, in NR the following options can be further studied.

For CSS:

Option 1: Reuse LTE design, i.e., CSS only in PCC.

Option 2: CSS can be configured in SCC.

For USS:

Option 1: Reuse LTE design, i.e., separate USS and DCI for each carrier.

Option 2A: Multiple carriers share the same USS, separate DCI for each carrier.

Option 2B: Multiple carriers share the same USS, one DCI can schedule multiple carriers.

Maximum number of HARQ Process
For cross-carrier scheduling for carriers with different numerology, there may be an impact on minimum HARQ RTT timing which is related to the timing relationship including DCI-to-data and data-to-ACK timing. If the gNB and UE processing timing is not changed, the minimum HARQ RTT timing is expected to be increased when the DCI/HARQ-ACK slot duration is larger than the data slot duration. 
Observation 1: HARQ RTT may increase if DCI-to-data/data-to-ACK timing increases.
The maximum number of HARQ processes should be equal to the maximum number of HARQ process to achieve maximum UE throughput. If the minimum HARQ RTTI timing increases, there is an implication that there are only a portion of slots to allocate to a given UE, e.g. equal to the maximum number of HARQ processes, during HARQ RTT timeline. Hence there is capacity loss from UE perspective. It shall be noted that this does not necessarily mean there is capacity loss from network perspective since network may schedule different UEs within a given UE HARQ RTT timeline. 
An example of increased HARQ RTT due to increased DCI-to-data/data-to-ACK timing is illustrated in Figure 2, where HARQ RTT for self-carrier scheduling is 16 slots, and 20 slots for cross-carrier scheduling. The consequence is that in a 20-slot RTT, a UE can be scheduled with 16 slots, each corresponding to one HARQ process. Therefore for cross-carrier scheduling for aggregated carriers with the same and different numerology, the maximum number of HARQ processes is the same as that for self-carrier scheduling.

Figure 2. DL HARQ RTT for cross-carrier scheduling for aggregated carriers with the same and different numerology. HARQ RTT increases when DCI-to-data/data-to-ACK timing increases, which causes some slots in the prolonged HARQ RTT may not be used.
Proposal 2: For cross-carrier scheduling for aggregated carriers with the same and different numerology, the maximum number of HARQ processes is the same as that for self-carrier scheduling.
Potential restrictions on combination of different numerology
Cross-carrier scheduling for carriers with two different numerologies may cause additional complexity than same numerology case, in terms of scheduling timing and HARQ process, as explained above. It is expected that the complexity will further increase if cross carrier scheduling is performed with more numerologies. 
Cross carrier scheduling among carries with more than 2 numerologies may not be necessary. For a UE supporting data transmission from carriers with M (M>=2) numerologies, it can be configured with N (N>=M/2) cross carrier scheduling groups, each corresponding to up to 2 numerologies. Some grouping principles should be investigated in this case, such as each group contains only 1 or 2 least different numerologies. 
One example is that for UE supporting data transmission from carriers with 3 numerologies, i.e. 15 kHz carriers with 1ms slot, 60 kHz carriers with 0.25ms slot, 120 kHz carriers with 0.125ms slot, the UE can be configured with 3 cross carrier scheduling groups each with one numerology, or 2 cross carrier scheduling groups one with {15, 60}kHz carriers and the other with 120 kHz carriers.
Proposal 3: For a UE supporting data transmission from carriers with M (M>=2) numerologies, it can be configured with N (N>=M/2) cross carrier scheduling groups, each corresponding to up to 2 numerologies.
Cross-numerology scheduling
Regarding cross-CC scheduling between the carriers with different numerologies, there are two cases: Case 1) PDCCH in CC 1 with small sub-carrier spacing or long slot duration schedules PDSCH/PUSCH in CC 2 with large sub-carrier spacing or short slot duration, and Case 2) PDCCH in CC 1 with large sub-carrier spacing or short slot duration schedules PDSCH/PUSCH in CC 2 with small sub-carrier spacing or long slot duration. For Case 1), the baseline is one PDCCH in long slot schedules one PUSCH/PDSCH in short slot. To decrease DCI overhead, one PDCCH in long slot scheduling multiple short slots where each TB mapped on each slot or single TB mapped on scheduled slots can be supported. For Case 2), PDSCH/PUSCH in one long slot is scheduled by one of multiple short slots. The scheduling short slot can be fixed or configured semi-statically to reduce the cost of blind monitor. For example, scheduling could be restricted to only the first slot of the CC1.
Proposal 4: For slot-based cross-carrier scheduling with different numerologies, 

· One PDCCH in long slot scheduling multiple short slots can be supported.

· The short slot(s) of PDCCH scheduling long slot can be fixed or configured semi-statically.
2.3 Joint UCI feedback
Timing relationship between PDSCH and the corresponding HARQ-ACK
Similarly as cross-carrier scheduling, the timing for joint UCI feedback for carriers with multiple numerologies also has two alternatives, data-slot basis and control-slot basis. For data transmission, the agreed principle is that the time granularity of the DCI-to-data timing is based on the slot carries data. It may be helpful to apply the same principle for Data-to-ACK timing, i.e. the time granularity of the Data-to-ACK timing is based on the slot carries ACK. 
Proposal 5: For joint UCI feedback for carriers with different numerology, PDSCH-to-HARQ-ACK timing is ACK-slot basis, i.e. the timing is determined as if the HARQ-ACK is sent from a ACK-slot. 
Potential restrictions on combination of different numerology
Justified by similar reasons as cross-carrier scheduling part, it is expected that multiple numerologies can be supported by multiple PUCCH groups each corresponding to carriers with only 1 or 2 least different numerologies.
Proposal 6: For a UE supporting data transmission from carriers with M (M>=2) numerologies, it can be configured with P (P>=M/2) PUCCH groups, each corresponding to up to 2 numerologies. 

Mapping between N cross scheduling carrier groups and P PUCCH cell groups
As abovementioned, for a UE supporting data transmission from carriers with M (M>=2) numerologies, it can be configured with N (N>=M/2) cross carrier scheduling groups, each corresponding to up to 2 numerologies, while it can be configured with P (P>=M/2) PUCCH cell groups, each corresponding to up to 2 numerologies. It would be possible to support flexible mapping from N cross carrier scheduling groups to P PUCCH cell groups, e.g. by network configuration. One use case would be multiple cross carrier scheduling groups associated with one PUCCH cell group, i.e. sharing one PUCCH, as illustrated in Figure 3, to ensure PUCCH coverage.
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Figure 3. Multiple cross carrier scheduling groups associated with one PUCCH cell group
Proposal 7: One or multiple carrier groups with cross carrier scheduling can be associated with one PUCCH group.
Codebook determination
It was agreed that support joint UCI feedback for aggregated carriers with the same or different numerology. Regarding on the codebook for HARQ-ACK multiplexing, similar to LTE, both semi-static codebook and dynamic codebook could be considered. For semi-static HARQ-ACK codebook determination, in addition to the number of configured CCs, size of bundling window (or associated set) and numerology difference between CCs are another factor determining the codebook size. Thus, the associated set should be further studied. For example, whether define the associated set for each CC or how to define the associated set considering different numerologies or slot duration. For dynamic HARQ-ACK codebook determination, DAI mechanism (counter DAI and total DAI is signaled/derived per PUCCH cell group) in LTE/LTE-A can be considered as a starting point. For the case CCs configured with different numerology, T-DAI indicates the number of scheduled CCs up to the present slot, where slot duration is based on largest subcarrier spacing among CCs as shown in Figure 4. The reason is that, gNB may not have the scheduling results in following short slots. Besides, some enhanced mechanisms may be needed for CBG-based feedback and/or multi-slot scheduling case where each TB is mapped on single slot.
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Proposal 8: For dynamic HARQ-ACK codebook determination, the DAI mechanism in LTE/LTE-A can be considered as a starting point.
· C-DAI and T-DAI values are derived per PUCCH cell group.

· T-DAI indicates the number of scheduled CCs up to the present slot, where slot duration is based on largest subcarrier spacing among CCs.
· FFS enhancements for CBG-based feedback and/or multi-slot scheduling case where each TB is mapped on single slot.
2.4 Timing Advance
In LTE multiple TAGs are supported to accommodate different timing alignments across carriers. RACH procedures are defined for PCarrier and SCarrier for TA acquisition. RACH on SCarrier is contention based and PRACH transmission on SCarrier can be self-carrier triggered or cross-carrier triggered, while RACH response is transmitted on PCarrier. 

RACH procedures on secondary carrier shall be considered in NR. 
Proposal 9: Support PRACH transmission for timing advance acquisition on secondary carrier. FFS details on RACH procedures for secondary carrier. 
An open issue for NR TA especially in CA is the relationship between TA and numerology. LTE only supports 15k SCS, its TA related definitions are simple, such as TA granularity, maximum time difference among CCs and maximum number of TAGs. However, numerology-specific TA definitions should be supported since NR has scalable numerologies.

TA granularity
TA granularity is defined as 16Ts corresponding to about 0.52us in LTE, where Ts is defined as 1/(2048*15000) second. This time granularity can be reused for 15k SCS in NR, but cannot meet the demands of all the numerologies. It is observed the LTE granularity is too rough for large SCS from the following table, e.g. the LTE TA granularity is almost as long as the CP length for NR with 120k SCS NCP. One reasonable approach to solve this problem is to define numerology-specific TA granularity, such as scalable TA granularity according to SCS/CP length.
	Numerology
	CP length(in LTE Ts)
	CP length/ 0.52us
(LTE TA Granularity=0.52us)

	15k SCS, NCP
	144
	9

	30k SCS, NCP
	72
	4.5

	60k SCS, NCP
	36
	2.25

	60k SCS, ECP
	128
	8

	120k SCS, NCP
	18
	1.125


Proposal 10: NR should define numerology-specific TA granularity such as scalable TA granularity based on SCS/CP length. 
Maximum time difference among CCs
In LTE the maximum time difference is defined as about 30us after discussion. The main discussion point is whether or not the cell coverage in NR shall take into account more factors. One opinion is that in NR carriers with large SCS have smaller coverage requirement, thus this value should be numerology-specific. However, the maximum time difference might reach about 30us even for large SCS carriers in some use cases. For example, a gNB with 15k SCS may cover an area with 100km radius, and a pico cell or an RRH with 120k SCS carrier at the cell edge. If both the gNB and pico cell/RRH serve one UE in CA manner, 30 us maximum time difference might be observed. In addition, beam based transmission may impact the cell coverage, e.g. larger antenna arrays may result in larger coverage. Therefore, RAN1 needs further study on whether this value is reasonable for all the numerologies or it is numerology-specific in NR.
Proposal 11: Whether maximum timing difference among CCs is common or not should take into account several factors, including numerology and beamforming.
Maximum number of TAGs
The maximum number of TAGs is 4 in LTE. An important reason is that there are two bits left in an TA adjustment MAC-CE. In NR without this restriction, we should define the maximum number of TAGs to enable future flexible deployment scenarios for forward compatibility. Each TAG is able to tolerate a certain degree of timing difference. If the maximum number of TAGs are configured, one carrier with arbitrary transmission delay should be able to be classified into one existing TAG. In other words, the number of maximum number of TAGs depends on the maximum time difference among CCs and the timing difference a TAG can tolerate. Since the tolerable timing difference within TAG is relevant with numerology, the number of maximum TAGs is relevant with numerology. The exact number should be further studied according to the maximum time difference among CCs.
Proposal 12: The number of maximum TAGs is relevant with numerology. The exact number should be further studied according to the maximum time difference among CCs.
TA Grouping

It was agreed that a UE can be configured multiple BWPs in a CC, each of which is associated with one numerology. As discussed previously, numerology-specific TA granularity is needed. Besides, different numerologies have different CP lengths, which means different synchronization requirements. On the other hand, multiple beam configurations are supported in NR. Different beams will lead to different propagation paths and propagation delays. Thus, in addition to CC, BWP and beam are two new considerable dimensions when configuring TA grouping.
Proposal 13: Grouping M BWPs and/or beams belongs to same or different CCs into N TAGs, where N<=M, should be supported.
2.5 Unified design for CA and DC

Unified design for CA and DC is an important principle for NR. Therefore, we should also consider DC aspects in CA study. In the following we discuss some issues in DC related to CA.
Carrier groups

In LTE DC, MCG and SCG is associated with the same eNB. The differential functionality of MCG and SCG is the RRC connection. To reduce RRM and signaling complexity, RRC connection only terminates at MeNB and there is no RRC entity in the SeNB. Same as LTE, MCG and at least one SCG should be supported in NR DC, and carriers in one CG belong to the same gNB or eNB. For LTE-NR DC in Rel-15, due to non-standalone deployment, eNB should operate as the MCG. For forward compatibility, eNB operating as the SCG could be considered. MCG and SCG could operate in the same or different duplex modes.  

Proposal 14: One MCG and at least one SCG should be supported in NR DC and LTE-NR DC, carriers in a MCG/SCG are associated to the same gNB or eNB. RRC connection only terminates at the MCG.

In each development stage of aggregation of carrier in LTE, there are some new functionalities are introduced. For example, in PUCCH transmission aspect, there are several similar conceptions. 
· Carrier types

· Primary Carrier (PCarrier) in traditional CA

· Primary Secondary Carrier (PSCarrier) in DC

· PUCCH Secondary Carrier (SCarrier) in massive CA 

· CG

· MCG and SCG in DC

· Primary PUCCH group and secondary PUCCH group in massive CA

In LTE, one reason of introducing the above similar functionalities is these features are developed in different LTE release and some conceptions are always associated with one fixed character in each specification stage. For example, carrying PUCCH functionality is always associated with PCarrier. One possible improvement in NR CA and DC is to develop one general description for a carrier group and define the functionalities associated with the carrier group. For example, there is one PUCCH carrier in one carrier group and the carrier for PUCCH transmission can be configured, including the carrier group containing PCarrier. One carrier group is associated to a MCG or SCG.

In RAN1#88 meeting, it was agreed that the maximum number of NR carriers for CA and DC is 16. In RAN1#88bis meeting, it was agreed that CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported. In addition, with flexible HARQ timing, joint HARQ-ACK feedback for multiple slots on one carrier may occur, leading to large UCI payload size for NR CA and DC. Consequently, more than two PUCCH carrier groups in NR CA and DC could be considered.  

Proposal 15: At least one PUCCH carrier group for a carrier group, the carrier for PUCCH transmission could be configured within one PUCCH carrier group.
In LTE, for random access procedure in the SeNB, UE needs to monitor PDCCH of PSCarrier in SCG to receive RAR, so common search space in PSCarrier should be monitored by UEs. Same mechanism should be supported in NR DC.

Proposal 16: Common search space in MCG and SCG should be monitored by UEs in NR DC and LTE-NR DC.
Synchronous DC

In LTE synchronous DC, UE can assume the maximum received timing difference from MeNB and SeNB is 33μs, and the MeNB and SeNB subframe boundaries coincide closely. In LTE asynchronous DC, the received timing difference is extended to 500μs, and the MeNB and SeNB subframe boundaries can differ significantly, e.g. the overlapping portion of subframes of MeNB and SeNB can be up to half a subframe. Therefore, two power control modes for DC are supported in LTE: Mode 1 for synchronous DC; Mode 2 for asynchronous DC.

As discussed above, synchronous and asynchronous DC mainly differ on the overlapping portion of subframes of MeNB and SeNB, which impacts the power control mode. In NR, multiple numerologies are supported. For a given timing difference, the overlapping portion of slots for different numerologies is different, e.g. more symbols would be overlapped when the subcarrier spacing is 120kHz as compared to 15kHz. Therefore, the definition of synchronous DC should take numerology into account.

Observation 2: For a given maximum received timing difference from one gNB and another gNB (or one eNB), the overlapping portion of slots for different subcarrier spacings is different.
Power control

For NR CA and DC, one slot of one carrier may be overlapped with several slots of another carrier with larger subcarrier spacing. Moreover, the types of channel/traffic/UCI of the two overlapped slots may also be different. How to guarantee the reliable transmission of the slots with higher priority in terms of TTI and types of channel/traffic/UCI needs to be studied. And some schemes are discussed in our companion contribution [3]. Similarly, carriers of MCG and SCG for NR DC including LTE-NR DC and NR-NR DC may have different numerologies, which requires efficient power sharing mechanism. Some power sharing mechanisms are also presented in our companion contribution [3].  

Proposal 17:  Power control for NR CA and DC needs to consider the aspects of different numerologies, slot lengths and types of channel/traffic/UCI. 
Fast carrier activation/deactivation

Since NR support maximum 16 carriers for CA and DC, it is important to strive for a tradeoff between power consumption and high throughput. To be specific, UE should be able to operate on a small bandwidth (e.g., only one carrier is activated) at most times. When large traffic arrives, the UE should be able to turn on the a wider RF chain or multiple RF chains and the corresponding baseband immediately (e.g.,  activates multiple carriers) and turn off them after transmission as soon as possible. Currently In LTE, MAC CE is exploited to active/deactive carriers and it leads to a large delay time around 10ms. Since MAC CE fails to meet the requirements of NR CA/DC, NR calls for a new fast carrier activation/deactivation mechanism. Besides data transmission, such mechanism should also enable fast switching for synchronization and SRS transmission. RAN1 layer signaling such as DCI is much faster than MAC CE. Therefore NR should support to use DCI to activate/deactivate carriers. Some related issues such as signaling formats and robust methods to solve signaling failures can be further studied.
Proposal 18:  NR should support fast carrier activation/deactivation via DCI for CA and DC. 

3 Conclusion

The following observations and proposals on NR carrier aggregation are made:
Proposal 1: For NR carrier aggregation, agree to introduce PUCCH groups including Primary PUCCH group and Secondary PUCCH group(s), component carrier types including PCC and SCC, and timing advance groups including Primary Timing Advance Group and Secondary Timing Advance Group(s).
Observation 1: HARQ RTT may increase if DCI-to-data/data-to-ACK timing increases.
Proposal 2: For cross-carrier scheduling for aggregated carriers with the same and different numerology, the maximum number of HARQ processes is the same as that for self-carrier scheduling.
Proposal 3: For a UE supporting data transmission from carriers with M (M>=2) numerologies, it can be configured with N (N>=M/2) cross carrier scheduling groups, each corresponding to up to 2 numerologies.

Proposal 4: For slot-based cross-carrier scheduling with different numerologies, 

· One PDCCH in long slot scheduling multiple short slots can be supported.

· The short slot(s) of PDCCH scheduling long slot can be fixed or configured semi-statically.
Proposal 5: For joint UCI feedback for carriers with different numerology, PDSCH-to-HARQ-ACK timing is ACK-slot basis, i.e. the timing is determined as if the HARQ-ACK is sent from a ACK-slot. 
Proposal 6: For a UE supporting data transmission from carriers with M (M>=2) numerologies, it can be configured with P (P>=M/2) PUCCH groups, each corresponding to up to 2 numerologies. 

Proposal 7: One or multiple carrier groups with cross carrier scheduling can be associated with one PUCCH group.
Proposal 8: For dynamic HARQ-ACK codebook determination, the DAI mechanism in LTE/LTE-A can be considered as a starting point.

· C-DAI and T-DAI values are derived per PUCCH cell group.

· T-DAI indicates the number of scheduled CCs up to the present slot, where slot duration is based on largest subcarrier spacing among CCs.

· FFS enhancements for CBG-based feedback and/or multi-slot scheduling case where each TB is mapped on single slot.
Proposal 9: Support PRACH transmission for timing advance acquisition on secondary carrier. FFS details on RACH procedures for secondary carrier. 
Proposal 10: NR should define numerology-specific TA granularity such as scalable TA granularity based on SCS/CP length. 
Proposal 11: Whether maximum timing difference among CCs is common or not should take into account several factors, including numerology and beamforming.
Proposal 12: The number of maximum TAGs is relevant with numerology. The exact number should be further studied according to the maximum time difference among CCs.
Proposal 13: Grouping M BWPs and/or beams belongs to same or different CCs into N TAGs, where N<=M, should be supported.
Proposal 14: One MCG and at least one SCG should be supported in NR DC and LTE-NR DC, carriers in a MCG/SCG are associated to the same gNB or eNB. RRC connection only terminates at the MCG.

Proposal 15: At least one PUCCH carrier group for a carrier group, the carrier for PUCCH transmission could be configured within one PUCCH carrier group.
Proposal 16: Common search space in MCG and SCG should be monitored by UEs in NR DC and LTE-NR DC.

Observation 2: For a given maximum received timing difference from one gNB and another gNB (or one eNB), the overlapping portion of slots for different subcarrier spacings is different.
Proposal 17:  Power control for NR CA and DC needs to consider the aspects of different numerologies, slot lengths and types of channel/traffic/UCI.

Proposal 18:  NR should support fast carrier activation/deactivation via DCI for CA and DC.
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