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1 Introduction

In 3GPP RAN1 #90bis meeting, the main agreements on carrier aggregation are as follows.
Agreements:

· The following working assumption is confirmed:

· In case of cross-carrier scheduling, UESS search spaces for the scheduling cell and for the scheduled cell(s) are separated by offset(s) if they are in the same CORESET

· The offset(s) depends on CIF

· FFS details

· FFS the case of same DCI size (whether to have shared search space or not)

· When a UE is configured for cross-carrier DL/UL scheduling, CIF is present in DL/UL scheduling DCIs for both the serving cell under self-scheduling and the serving cells being cross-carrier scheduled

· FFS whether CIF is present or not in other DCI cases
· A configurable max coding rate, per PUCCH format, is used for a UE to determine how to feedback UCI on PUCCH 

· FFS details how to use the configuration. The LTE mechanism is the baseline

· Note: This is applicable to PUCCH formats 2/3/4 that support more than 2 UCI bits
· ‘Semi-static’ HARQ-ACK codebook (per PUCCH group) is at least determined by 

· Configured number of DL Cells

· The max number of TBs based on configuration for each DL cell

· Configured number of CBGs per TB per configured DL cell

· FFS: Handling of different numerology between UL and DL

· Details FFS

· Dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration at least for one serving cell

· Details FFS
We also summarized all the RAN1 agreements on NR CA until 90bis meeting in the appendix for better overview. 

2 Remaining issues
According to our points of view, the following remaining issues on carrier aggregation should be addressed to support basic NR CA functionality.  

General functionalities

PCC and SCC definition
· Whether PUCCH can be transmitted in a SCC in the group containing PCC?

· Which UL is UL PCC if the PCell contains an UL carrier and an SUL carrier, or whether both UL and SUL are UL PCCs?
Activation & deactivation

SCell activation/deactivation method

· Whether to only support MAC-CE based SCell activation/deactivation in Rel-15?
SUL cell activation/deactivation 
· Whether SUL and UL CC in the same serving cell can have different activation state?
Cross carrier BWP switching 
· Whether the network can activate a BWP on an Scell also by means of cross-carrier scheduling DCI?
Scheduling

SUL scheduling 
· How to indicate UL index if a serving cell contains an UL carrier and an SUL?

Search space sharing for same DCI size 
· Whether user specific search space is shared in the case of same DCI size in the same CORESET for different carriers in cross-carrier scheduling?
UCI feedback

Semi-static HARQ-codebook design for TB level feedback

· How to determine the association set for semi-static HARQ-ACK codebook?

· How to handle of different numerology between UL and DL?

Semi-static HARQ-codebook design for TB level feedback
· How to design dynamic HARQ-ACK codebook (per PUCCH group) for the case without CBG configuration?

· How to design dynamic HARQ-ACK codebook (per PUCCH group) for the case with CBG configuration?
HARQ bundling
· Whether/how to support HARQ-ACK bundling in case with CBG configuration?
Timing advance

Timing advance for SUL cell

· Whether SUL and UL in the same serving cell are in the same TAG?

· How to determine the TA granularity and maximum value in MAC CE?
SRS switching
SRS switching designs

· Detailed design of SRS switching among CCs?

3 General functionalities for NR CA
3.1 Back ground
	RAN1#88 agreement:
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16

· Note that 32 is considered from RAN2 specification perspective

· The number of NR CCs in any aggregation is independently configured for downlink and uplink

RAN1#89 agreement:
· 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)
RAN1 NRAH#2 agreements:
· On search space:
· Number of carriers 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)

RAN1#90 agreements:
· 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
RAN1 NRAH#3 agreement:
· UE can be configured to monitor group common CSS for at least pre-emption indication on a Scell

· UE can be configured to monitor SFI in group common PDCCH for a Scell at least on the same Scell,  or on a different cell (as a working assumption)


3.2 Issues & proposals
Issue #1: Whether PUCCH can be transmitted in a SCC in the PUCCH group containing PCC?
Alt. 1: PUCCH can only be configured in UL PCC in the PUCCH group containing UL PCC.
Alt. 2: PUCCH can be configured in UL SCC in the PUCCH group containing UL PCC.
Discussions
In LTE, Alt. 1 is exploited. It should be noted PUCCH load balancing can be achieved from the network perspective since different UEs can be configured with different PCells in NR, similarly as in LTE. Therefore, there is no obvious motivation for PUCCH configuration in UL SCC. On the other hand, supporting PUCCH configuration on SCC will cost a lot of standard effort, such as signaling design, fallback mechanism, SCC activation/deactivation, etc.

Proposals
PUCCH can only be configured in UL PCC in the PUCCH group containing UL PCC.

Issue #2: Which UL carrier is UL PCC if the PCell contains an UL carrier and an SUL carrier?

Alt. 1: Only one uplink carrier can be defined as UL PCC.
Alt. 2: All the carriers in the PCell are PCCs.
Discussions
In LTE the CCs in the PCells are defined as PCCs. It is straightforward to extend this definition in NR for the SUL case. Moreover, RAN1 has already agreed PUSCH/PUCCH switching in the SUL cell. The definition of multiple UL PCCs in this scenario will avoid concept of UL PCC switching.

Proposals
All the carriers in the PCell are PCCs.

4 Activation & deactivation
4.1 Back ground
	RAN1#90bis meeting minutes:
· Discuss further offline regarding how to activate/deactivate Scells (MAC CE vs. DCI based)


4.2 Issues & proposals

Issue #1: Whether to only support MAC-CE based SCell activation/deactivation in Rel-15?
Alt. 1: Support DCI-based SCell activation and deactivation and replacing MAC-CE based scheme.
Alt. 2: Support MAC-CE based scheme only at least in Rel-15.
Discussions
The main motivation to introduce DCI based SCell activation/deactivation is to reduce the latency. However, currently the latency contributed by signaling is not significant. To achieve great activation/deactivation latency reduction, the corresponding procedures other than signaling need to be optimized, such as measurement. Besides RAN2 has already agreed to use only MAC CE for SCell activation/deactivation. Considering the tight time scheduling, only MAC-CE based scheme should be considered at least in Rel-15.

Proposals
Support MAC-CE based SCell activation/deactivation only at least in Rel-15.


Issue #2: Whether SUL and UL in the same serving cell can have different activation state?
Alt. 1: SUL and UL have the same activation/deactivation state.
Alt. 2: SUL and UL have the same or different activation/deactivation state.
Discussions
Although it has already been agreed that PUSCH can be configured on either uplink carrier, allowing SUL and UL to have different activation/deactivation state is beneficial for power saving since the RF chain and baseband can be turned off.

Proposals
In a cell configured with SUL, SUL and UL have the same or different activation/deactivation state.


Issue #3: Whether the network can activate a BWP on an Scell also by means of cross-carrier scheduling DCI?
Alt. 1: Network can activate a BWP of a configured Scell by the means of cross-carrier scheduling DCI.
Alt. 2: Network can activate a BWP of an activated SCell by the means of cross-carrier scheduling DCI.
Discussions
Currently, cross-carrier scheduling and scheduling DCI has been accepted for NR. If cross-carrier scheduling DCI has a BWP ID field and the corresponding SCell is activated, it’s nature that the network can active a BWP on an Scell through cross-carrier scheduling DCI. For the deactivated SCell, DCI-based BWP activation should not be supported because carrier activation is different from BWP activation.
Proposals
Network can activate a BWP of an activated SCell by the means of cross-carrier scheduling DCI.
5 Scheduling
5.1 Back ground
	RAN1#87 agreement:
· For phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported
· [4 - 32] should be assumed for further study of the maximum number of NR carriers
· RAN1 will try to decide the exact number in this week
· Cross-carrier scheduling and joint UCI feedback are supported

· Per-carrier TB mapping is supported

· FFS TB mapping across multiple carriers

RAN1#88bis agreement:
· Carrier aggregation across duplexing schemes between carriers is supported.

· For LTE-NR/NR-NR DC, scheduling and HARQ mechanisms/procedures between cell-groups are independent.
RAN1#89 agreement:
· 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)
RAN1 NR Ad-Hoc#2 Conclusions:
· 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.

RAN1#NRAH03 agreement:
· For NR CA:

· If CIF is present in DCI, the bitwidth is fixed at 3 bit

· Note: BWP index (if available) is always a separate information field

· FFS detailed conditions for CIF presence
RAN1#90bis agreement:
· The following working assumption is confirmed:

· In case of cross-carrier scheduling, UESS search spaces for the scheduling cell and for the scheduled cell(s) are separated by offset(s) if they are in the same CORESET

· The offset(s) depends on CIF

· FFS details

· FFS the case of same DCI size (whether to have shared search space or not)
· When a UE is configured for cross-carrier DL/UL scheduling, CIF is present in DL/UL scheduling DCIs for both the serving cell under self-scheduling and the serving cells being cross-carrier scheduled

· FFS whether CIF is present or not in other DCI cases


5.2 Issues & proposals
Issue #1: How to indicate UL index if a serving cell contains an UL carrier and an SUL carrier?
Alt. 1: The UL index is indicated in DCI.

Alt. 1a: DCI contains 1 bit UL index filed, or using scrambling sequence for SUL and UL CC.
Alt. 1b: SUL and UL are configured with different CIF.
Alt. 2: UL and SUL are configured with different CORESET.
Discussions
There is no clear benefits to add the restriction that UL and SUL must have different CORESET. The maximum number of blind decoding attempts and the UE power consumption may be increased. 

Proposals
The 1-bit UL index in the serving cell with SUL is indicated in DCI.
Issue #2: Whether user specific search space is shared in the case of same DCI size in the same CORESET for different carriers in cross-carrier scheduling?

Alt. 1: USS is shared in the case of same DCI size in the same CORESET for different carriers in cross-carrier scheduling.

Alt. 2: USS is always separated for different carriers in cross-carrier scheduling.
Discussions
In LTE CA, it was agreed that a UE’s search spaces on a PDCCH CC for carrying DCI of different scheduled cells are shared in case that the payload sizes of DCI for different carriers are the same in case of cross-carrier scheduling. It will reduce the DCI blocking probability. NR should reuse this design for the same reason.

Proposals
USS is shared in the case of same DCI size in the same CORESET for different carriers in cross-carrier scheduling.
Issue #3: What's the time granularity indicated in DCI for PUSCH/PUCCH transmission in SUL when SUL's numerology is different with DL carrying DCI?
Discussions
It was agreed at RAN1 NR Ad-Hoc#2 that the time granularity indicated in the DCI follows the corresponding scheduled transmission if when numerology are different between PDCCH and the scheduled SUL transmission for NR CA. Similarly, it was agreed that 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 in RAN1 #90 meeting.Therefore the same principles shall apply for SUL.
Proposals
Apply the previous CA agreement to SUL: when numerology are different between PDCCH and the scheduled SUL transmission, the time granularity indicated in the DCI for the timing relationship  between the end of PDCCH and the corresponding scheduled SUL transmission is based on the numerology of the scheduled SUL transmission. The time granularity of a HARQ-ACK transmission on PUCCH on SUL, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission on SUL.
6 UCI feedback
6.1 Back ground
	RAN1#87 agreement:
· For phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported
· Cross-carrier scheduling and joint UCI feedback are supported
RAN1#89 agreements:
· 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)
RAN1#90 agreement:
· 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

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

RAN1#90bis agreement:
· ‘Semi-static’ HARQ-ACK codebook (per PUCCH group) is at least determined by 

· Configured number of DL Cells

· The max number of TBs based on configuration for each DL cell

· Configured number of CBGs per TB per configured DL cell

· FFS: Handling of different numerology between UL and DL

· Details FFS

· Dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration at least for one serving cell

· Details FFS


6.2 Issues & proposals
Issue #1: How to determine the association set for semi-static HARQ-ACK codebook?
Alt. 1: DL association set is dynamically determined.
Alt. 2: Semi-statically configure a set of HARQ-ACK codebook sizes and select with HARQ-ACK resource indicator. 
Alt. 3: Semi-static configuration of UL association set.
Alt. 4: gNB configures DL association set and maximum number of DL assignments the UE is expected to receive during the DL association set.
Discussions
Alt. 1 cannot work robustly when DCI missing happens since gNB and/or UE does not know the position of missing DCI. Similarly, DCI for selecting HARQ-ACK codebook size also maybe missed for Alt. 2. Thus, Alt. 3 is preferred since it is simple and robust. Especially, UL association set can be implicitly derived from configured K1 HARQ-ACK timing set. As shown in Figure 1, if DL and UL are configured with same numerology, the number of slots where the HARQ feedback for a PDSCH will be multiplexed is equal to the size of configured K1 timing set. There is no necessity to configure maximum number of DL assignments. Besides, slot configuration should be considered when deciding the time dimension per cell. To be specific, the associated set should not contain the slots configured as DL or reserved.
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Figure 1. One example with the same numerology between PDSCH and PUCCH (Assuming {n+1,n+2} is configured as K1 timing set)
Proposals
UL association set is derived from configured HARQ-ACK feedback timing set and it should not contain the slots configured as DL or reserved.

Issue #2: How to handle of different numerology between UL and DL?
Alt. 1: Define/configure association set based on the numerology of PDSCH.
Alt. 2: Define/configure association set based on the numerology of PUCCH.
Discussions
NR supports the case where DL subcarrier space is N times of SUL subcarrier space. Since there was agreement that “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” in RAN1#90 meeting, thus it is reasonable to configure association set based on the numerology of PUCCH transmission. To this regard, the number of slots where the HARQ feedback for a PDSCH will be multiplexed is equal to N times of size of configured K1 HARQ-ACK timing set or associated set as shown in Figure 2. 
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Figure 2. One example with different numerologies between PDSCH and PUCCH (Assuming {n+1,n+2} is configured as K1 timing set) 
Proposals
Configure association set or HARQ-ACK feedback timing set with size M based on the numerology of PUCCH transmission.

· The time dimension size of semi-static codebook is equal to M if DL and UL are configured with same numerology.

· The time dimension size of semi-static codebook is equal to M*N if DL subcarrier space is N times of SUL subcarrier space.

Issue #3: How to design dynamic HARQ-ACK codebook (per PUCCH group) for the case without CBG configuration?
Alt. 1: Counter DAI and total DAI as in LTE eCA according to shortest PDCCH monitoring periodicity and transmission duration.
Alt. 2: Counter DAI and total DAI as in LTE eCA and group cells according to PDCCH monitoring periodicity and numerology.
Discussions
It was agreed that a UE can be configured with monitoring periodicity per cell (even per DCI format or per CORESET). Thus, even though the cells within a PUCCH group may be configured with same numerology, Alt.1 is preferred to provide flexibility of different monitoring periodicity per cell as shown in Figure 3. Besides, it is forward compatible to support different numerology within a PUCCH group.
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Figure 3. One example with different PDCCH monitoring periodicity within a PUCCH group.
Proposals
Counter DAI and total DAI as in LTE eCA according to shortest PDCCH monitoring periodicity and transmission duration.
Issue #4: How to design dynamic HARQ-ACK codebook (per PUCCH group) for the case with CBG configuration?
Alt. 1: Extend counter DAI and total DAI by log2(max_number_of_CBGs_per_TB) bits.
Alt. 2: Generate HARQ-ACK for maximum number of CBGs per TB across configured cells.
Discussions
Based on Alt 2, DAI mechanism (counter DAI and total DAI is signalled/derived per PUCCH cell group) in LTE/LTE-A can work well without any additional DCI overhead, thus can be considered as a starting point. Regarding Alt 1, it can save some unnecessary feedback overhead at the cost of increased DL control overhead to avoid ambiguities. Besides, it cannot works well together with fallback DCI where 2 bits DAI is used. Given that only one meeting cycles are left until completion data we propose to adopt a robust solution for HARQ feedback with CBG configuration. More advanced schemes can potentially be considered in later releases once the robustness problem has been solved.
Proposals
For dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration, generate HARQ-ACK for maximum number of CBGs per TB across configured cells.
Issue #5: Whether/how to support HARQ-ACK bundling in case with CBG configuration?
Alt. 1: HARQ-ACK bundling for the CBGs within a TB.
Alt. 2: HARQ-ACK bundling for the CBGs across TBs.
Alt. 3: HARQ-ACK bundling for the CBGs across slots
Discussions
With CBG configuration, HARQ-ACK payload will exceed a threshold determined by the configurable max code rate more easy. For this case, dynamic CBGs HARQ-ACK bundling is a suitable solution. Considering the channel correlation, Opt 1 is preferred (equivalent to disable CBG (re)transmission in LTE). After that, similar to LTE, CSI dropping can be applied if the payload of UCI still cannot fit into the selected PUCCH resource/format.

Proposals
Dynamic HARQ-ACK bundling across CBGs belong to same TB when initial code rate in allocated PUCCH resources is more than configured code rate.
7 Timing advance
7.1 Back ground
	RAN1#88bis agreement:
· For carrier aggregation, multiple timing-advance groups are supported

· FFS: The number of timing advance groups
RAN1#88bis agreement:
· 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
RAN1#90bis agreement:
· 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


7.2 Issues & proposals
Issue #1: Whether SUL and UL CC in the same serving cell can be in the same TAG?
Alt. 1: SUL and UL CC in the same serving cell are always in the same TAG at least in Rel-15.

Alt. 2: SUL and UL CC in the same serving cell can be in the different TAG.
Discussions
It was stated that SUL and UL CC are deployed in a co-located manner in Rel-15 discussion. Therefore, it is nature to configure SUL and UL CC in the same TAG. However, SUL and UL CC may have different numerologies, corresponding to different requirements on timing advance accuracy and maximum timing advance value. Fortunately there is some margin in MAC-CE TA command. Since in most case the SUL and UL CC have the same or adjacent SCS in Rel-15, they can be in the same TAG.

Proposals
SUL and UL CC in the same serving cell are always in the same TAG at least in Rel-15.
Issue #2: How to determine the TA granularity and maximum value in MAC CE for a TAG associated with multiple numerologies, e.g., the SUL case?
Alt. 1: Maximum Subcarrier spacing of all semi-statically configured UL within the TAG, e.g., UL BWP, SUL, CC.

Alt. 2: Maximum SCS of all activated UL BWPs within the TAG.

Alt. 3: TA command or additional field in MAC-CE explicitly indicates the TA granularity used.

Discussions
As previously analyzed, carriers with different numerologies have different requirements on TA accuracy and maximum TA value. One solution is to use a pre-determined principle to decide the TA parameters. It is obvious that the TA granularity should be based on the maximum SCS to satisfy the accuracy requirements of all the carriers. However, the maximum TA value will be reduce accordingly. Although 8-bit MAC-CE as in LTE provide some margin, for example the MAC-CE for 30k is able to meet the demands of the maximum TA value of 15k carrier, some combinations such as {15k, 120k} are still hard to be supported in the same TAG. To overcome this problem, RAN#1 should discuss proper limitations on the combinations of numerology within a TAG. Another solution is to use additional field in MAC-CE to explicitly indicate the used TA granularity in RRC connected mode.

Proposals
Discuss limitations on combination of numerologies within a TAG.
8 SRS switching among CCs
8.1 Background
	RAN1#90bis agreement:
Specify NR SRS switching among CCs similar to Rel-14 LTE SRS carrier-based switching design including 

· Periodic/aperiodic/semi-persistent SRS on a CC without PUCCH/PUSCH configured

· TA (through PRACH) on TAG without PUSCH/PUCCH configured

· Power control separated from that of PUSCH

· Group common DCI for aperiodic SRS triggering and TPC

· DL/UL interruptions and collision handling due to SRS switching


8.2 Issues & proposals

Issue #1: Detailed design of SRS switching among CCs 
Discussions
See R1-1719446.

Proposals
Reuse the agreements directly reusable from Rel-14 and associated list of RRC parameters, and send an LS to RAN2/RAN4.

For SRS opportunities in SRS carrier based switching, based on the principle in Rel-14, support that, based on network configuration and/or indication,

· A-SRS/SP-SRS/P-SRS can be transmitted by the same UE on up to all symbols usable by SRS,

· In the same slot or multiple slots, 

· On the same CC or multiple CCs.

For collision handling in SRS carrier based switching, based on the principle in Rel-14, support
· A/N, SR, RI/PTI/CRI, PRACH > PUSCH-less A-SRS > other A-periodic CSI > PUSCH-less SP-SRS > SP CSI > PUSCH-less P-SRS > other CSI > other SRS

· For a UE for which SRS switching interrupts downlink reception, the UE is not expected to be configured with SRS resource(s) such that SRS switching and transmission time may collide with the REs corresponding to the SS/PBCH blocks configured for the UE or the slots belonging to a control resource set indicated by [SystemInformationBlockType0] or [SystemInformationBlockType1].
RF retuning time reporting is based on the number of half OFDM symbols corresponding to 60 kHz SCS for sub-6GHz and 240 kHz SCS for above 6GHz, with up to 6 bits.  
9 Conclusion

The following observations and proposals on NR carrier aggregation are made:
Proposal 1: PUCCH can only be configured in UL PCC in the PUCCH group containing UL PCC.

Proposal 2: All the carriers in the PCell are PCCs.

Proposal 3: Support MAC-CE based SCell activation/deactivation only at least in Rel-15.

Proposal 4: In a cell configured with SUL, SUL and UL have the same or different activation/deactivation state.


Proposal 5: The network can switch a BWP on an active Scell also by means of cross-carrier scheduling DCI if BWP ID field exists in the DCI.

Proposal 6: The 1-bit UL index in the serving cell with SUL is indicated in DCI.
Proposal 7: USS is shared in the case of same DCI size in the same CORESET for different carriers in cross-carrier scheduling.
Proposal 8: Apply the previous CA agreement to SUL: when numerology are different between PDCCH and the scheduled SUL transmission, the time granularity indicated in the DCI for the timing relationship  between the end of PDCCH and the corresponding scheduled SUL transmission is based on the numerology of the scheduled SUL transmission. The time granularity of a HARQ-ACK transmission on PUCCH on SUL, indicated in the DCI scheduling the PDSCH, is based on the numerology of PUCCH transmission on SUL.
Proposal 9: UL association set is derived from configured HARQ-ACK feedback timing set and it should not contain the slots configured as DL or reserved.
Proposal 10: Configure association set or HARQ-ACK feedback timing set with size M based on the numerology of PUCCH transmission.

· The time dimension size of semi-static codebook is equal to M if DL and UL are configured with same numerology.

· The time dimension size of semi-static codebook is equal to M*N if DL subcarrier space is N times of SUL subcarrier space.

Proposal 11: Counter DAI and total DAI as in LTE eCA according to shortest PDCCH monitoring periodicity and transmission duration.
Proposal 12: For dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration, generate HARQ-ACK for maximum number of CBGs per TB across configured cells.
Proposal 13: Dynamic HARQ-ACK bundling across CBGs belong to same TB when initial code rate in allocated PUCCH resources is more than configured code rate.
Proposal 14: SUL and UL CC in the same serving cell are always in the same TAG at least in Rel-15.
Proposal 15: Discuss limitations on combination of numerologies within a TAG.
Proposal 16: For SRS switching among CCs:
· Reuse the agreements directly reusable from Rel-14 and associated list of RRC parameters, and send an LS to RAN2/RAN4.
· For SRS opportunities:
· A-SRS/SP-SRS/P-SRS can be transmitted by the same UE on up to all symbols usable by SRS,

· In the same slot or multiple slots, 

· On the same CC or multiple CCs
· For collision handling:
· A/N, SR, RI/PTI/CRI, PRACH > PUSCH-less A-SRS > other A-periodic CSI > PUSCH-less SP-SRS > SP CSI > PUSCH-less P-SRS > other CSI > other SRS

· SS/PBCH blocks, [SystemInformationBlockType0], [SystemInformationBlockType1] > SRS
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Appendix

RAN1 agreements on NR CA until the RAN1#90bis meeting are summarized as follows.
	RAN1#86bis agreement:
· At least for Phase 1, study mechanisms to support operation over e.g. around 1GHz contiguous spectrum from both NW and UE perspectives including the maximum single carrier bandwidth of at least 80 MHz

· Carrier Aggregation/Dual Connectivity (Multi-carrier approach) 
· Details are FFS

· FFS: non-contiguous spectrum case
· Single carrier operation 
· Details are FFS 

· Maximum channel bandwidth continues to be studied in RAN1/4

· Maximum bandwidth supported by some UE capabilities/categories may be less than channel bandwidth of serving single carrier
· Note that some UE capabilities/categories may support channel bandwidth of serving single carrier
· Send an LS to ask RAN4 to study the feasibility of the above mechanisms from both NW and UE perspectives


	RAN1#86bis agreement:
· Study at least the following aspects for NR carrier aggregation / dual connectivity

· Intra-TRP and inter-TRP with ideal and non-ideal backhaul scenarios

· Number of carriers

· The need for certain channels, e.g. downlink control channel, uplink control channel or PBCH for some carriers

· Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback

· TB mapping, i.e., per carrier or across carriers

· Carrier on/off switching mechanism

· Power control

· Different numerologies between different/same carrier(s) for a given UE

· FFS: whether/if different numerologies are multiplexed on one carrier for one UE is called carrier aggregation / dual connectivity


	RAN1#87 agreement:
NR should provide support for carrier aggregation, including different carriers having same or different numerologies.


	RAN1#87 agreement:
· For phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported
· [4 - 32] should be assumed for further study of the maximum number of NR carriers
· RAN1 will try to decide the exact number in this week
· Cross-carrier scheduling and joint UCI feedback are supported
· Per-carrier TB mapping is supported
· FFS TB mapping across multiple carriers


	RAN1#NR Jan Ad-hoc agreement:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is [400, 800, 1000] MHz in Rel-15
· RAN1 recommends RAN4 to consider at least 100 MHz maximum channel bandwidth per NR carrier in Rel-15 considering carrier frequency bands
· RAN1 asks the feasibility of at least followings
· For sub-6 GHz, 100 MHz is considered and for above-6 GHz, wider than 100 MHz is considered
· Other cases can be considered by RAN4, e.g., 40 MHz, 200 MHz
· Note that RAN1 will specify all details for channel bandwidth at least up to 100 MHz per NR carrier in Rel-15
· Also note that RAN1 will consider scalable design(s) for up to maximum channel bandwidth per NR carrier

· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is [8, 16, 32]
· The maximum FFT size is not larger than [8192, 4096, 2048]


	RAN1#NR Jan Ad-hoc agreement:
· If it is decided that maximum CC BW is greater than or equal to 400 MHz and smaller than or equal to 1000MHz

· The maximum number of CCs in any aggregation is [either 8 or 16]
· If it is decided that the maximum CC BW is <=100MHz

· The maximum number of CCs in any aggregation could be [either 16 or 32]
· If it is decided that the maximum CC BW is greater than 100 MHz and smaller than 400MHz

· The maximum number of CCs is FFS


	RAN1#88 agreement:
· From RAN1 specification perspective, maximum channel bandwidth per NR carrier is 400 MHz in Rel-15

· Note:  final decision on the value is up to RAN4

· From RAN1 specification perspective, at least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600  in Rel-15

· FFS: For mixed numerology case, the above applies to the lowest subcarrier spacing

· Note: final value for a given channel BW is up to RAN4 decision

· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16

· Note that 32 is considered from RAN2 specification perspective

· The number of NR CCs in any aggregation is independently configured for downlink and uplink 

· NR channel designs should consider potential future extension of the above parameters in later releases, allowing Rel-15 UE to have access to NR network on the same frequency band in later releases


	RAN1#88bis agreement:
· For NR CA, at least CA deployment scenarios 1 – 4 of TS 36.300 Section J.1 are supported with equal priority.

· Carrier aggregation across duplexing schemes between carriers is supported


	RAN1#88bis agreement:
· Both synchronous and asynchronous dual connectivity are support for LTE-NR/NR-NR DC


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

· FFS: The number of timing advance groups

· For LTE-NR DC, from UE perspective,

· The deployment scenario that LTE eNB are not synchronized with NR gNB when operating on different and non-overlapping carrier frequencies is supported.

· The deployment scenario that LTE eNB are synchronized with NR gNB is supported when operating on different and non-overlapping carrier frequencies is supported.

· For NR-NR DC, from UE perspective,

· The deployment scenario that one NR gNB are not synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.

· The deployment scenario that one NR gNB are synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.

· FFS: exact definition of synchronous

· For LTE-NR/NR-NR DC, scheduling and HARQ mechanisms/procedures between cell-groups are independent.


	RAN1#89 agreement:
· 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)


	RAN1 NR Ad-Hoc#2 Conclusions:
· 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.


	RAN1#90 agreement:
· 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


	NRAH#3 agreement:
· For NR CA:

· If CIF is present in DCI, the bitwidth is fixed at 3 bit

· Note: BWP index (if available) is always a separate information field

· FFS detailed conditions for CIF presence


	NRAH#3 Working assumption:
· In case of cross-carrier scheduling, UESS search spaces for the scheduling cell and for the scheduled cell(s) are separated by offset(s) if they are in the same CORESET

· The offset(s) depends on CIF

· FFS details

· FFS the case of same DCI size (whether to have shared search space or not)


	NRAH#3 agreement:
· UE can be configured to monitor group common CSS for at least pre-emption indication on a Scell

· UE can be configured to monitor SFI in group common PDCCH for a Scell at least on the same Scell,  or on a different cell (as a working assumption)


	RAN1#90bis agreement:
· The following working assumption is confirmed:

· In case of cross-carrier scheduling, UESS search spaces for the scheduling cell and for the scheduled cell(s) are separated by offset(s) if they are in the same CORESET

· The offset(s) depends on CIF

· FFS details

· FFS the case of same DCI size (whether to have shared search space or not)

· When a UE is configured for cross-carrier DL/UL scheduling, CIF is present in DL/UL scheduling DCIs for both the serving cell under self-scheduling and the serving cells being cross-carrier scheduled

· FFS whether CIF is present or not in other DCI cases
· A configurable max coding rate, per PUCCH format, is used for a UE to determine how to feedback UCI on PUCCH 
· FFS details how to use the configuration. The LTE mechanism is the baseline

· Note: This is applicable to PUCCH formats 2/3/4 that support more than 2 UCI bits


	RAN1#90bis agreement:
· ‘Semi-static’ HARQ-ACK codebook (per PUCCH group) is at least determined by 

· Configured number of DL Cells

· The max number of TBs based on configuration for each DL cell

· Configured number of CBGs per TB per configured DL cell

· FFS: Handling of different numerology between UL and DL

· Details FFS

· Dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration at least for one serving cell

· Details FFS


