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1 Introduction

In 3GPP RAN1 #91 meeting, the main agreements on carrier aggregation are as follows.
Agreements:

· NR supports separate configuration of HARQ-ACK spatial bundling for PUSCH and PUCCH

· For cross-carrier scheduling, NR support UESS sharing in case of same DCI size for DCIs of different carriers on the same scheduling carrier, as an optional feature (additional UE capability for UEs that are capable of cross-carrier scheduling)

· For semi-static HARQ-ACK codebook, support

· DL association set is determined based on the configured set of HARQ-ACK timings, where the HARQ-ACK payload is ordered based on DL time index

· There is no DAI in DL grants

· No consensus to introduce CBG-level DAI in DCI in Rel-15
· Generate 2 HARQ-ACK sub-codebooks (sub-CBs) 

· First sub-CB is for transmissions with TB-based HARQ-ACK, second sub-CB is for transmissions with CBG-based HARQ-ACK

· The sub-CBs are combined in a single HARQ-ACK codebook (sub-CB for TB-based HARQ-ACK is placed first)

· No additional reliability enhancements

· It is understood that different PDCCH monitoring periodicities per PUCCH cell group are supported for same scheduling “type” (i.e. ‘slot-based scheduling’ or “non-slot-based” scheduling)
· It is understood that parallel PUCCH and PUSCH transmissions on the same cell is deprioritized from the Dec. release, and parallel PUCCH on one cell and PUSCH on a different cell (or UL vs. SUL for the serving cell) within a cell group is also deprioritized in the Dec. release 

· From RAN1 perspective, this entire feature is not supported in Rel-15

· Note: across cell groups, parallel PUCCH in one group vs. PUSCH in the other group is supported 

We also summarized all the RAN1 agreements on NR CA until 91 meeting in the appendix for better overview. Besides, in the RAN#78 plenary meeting, the following CA scenarios are proposed:

· For NR-NR CA, finalization of the work to enable up to 2 different numerologies within the same PUCCH group (PUCCH sent on the CC with smaller SCS) in RAN1 in Q1, and in RAN4 (Core) for Q2, for the December drop.
In this contribution, we discussed the open issues for NR CA basic functionalities to enable up to 2 different numerologies within the same PUCCH group according to RAN#78 plenary.
2 Issues for PUCCH group with up to 2 numerologies
In RAN  plenary #78, it is agreed to work on the support of NR-NR CA of up to 2 numerologies within the same PUCCH group. Currently, there are some discussions and agreements about multiple numerologies within one PUCCH group in RAN1 before RAN plenary #77. Moreover, great standard effort has been made for SUL with different (smaller) SCS and some conclusions are also suitable for the scenario that one PUCCH group have two numerologies except SUL. However there are still some open issues need to be solved. In this section we will discuss on how to support up to 2 numerologies within on PUCCH group. 
2.1 Scheduling
2.1.1 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
RAN1#91bis agreement:
· For cross-carrier scheduling, NR support UESS sharing in case of same DCI size for DCIs of different carriers on the same scheduling carrier, as an optional feature (additional UE capability for UEs that are capable of cross-carrier scheduling)

· It is understood that different PDCCH monitoring periodicities per PUCCH cell group are supported for same scheduling “type” (i.e. ‘slot-based scheduling’ or “non-slot-based” scheduling)



2.1.2 Issues & proposals

From the above backgrounds, it can be concluded that the timing relationship (the time granularity of K0, K1 and K2), cross-carrier indication and search-space for the support of 2-numerology PUCCH group has been discussed and the agreed. 

Issue #1: Whether multi-slot scheduling should be supported in cross-carrier cross-numerology scheduling?
Discussions
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. 
Proposal 1: For slot-based cross-carrier scheduling with different numerologies, 

· One PDCCH in long slot scheduling multiple short slots can be supported. One TB to one slot mapping should be supported.
2.2 UCI feedback
2.2.1 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
RAN1#91bis agreement:
· NR supports separate configuration of HARQ-ACK spatial bundling for PUSCH and PUCCH

· For cross-carrier scheduling, NR support UESS sharing in case of same DCI size for DCIs of different carriers on the same scheduling carrier, as an optional feature (additional UE capability for UEs that are capable of cross-carrier scheduling)

· For semi-static HARQ-ACK codebook, support

· DL association set is determined based on the configured set of HARQ-ACK timings, where the HARQ-ACK payload is ordered based on DL time index

· There is no DAI in DL grants

· No consensus to introduce CBG-level DAI in DCI in Rel-15
· Generate 2 HARQ-ACK sub-codebooks (sub-CBs) 

· First sub-CB is for transmissions with TB-based HARQ-ACK, second sub-CB is for transmissions with CBG-based HARQ-ACK

· The sub-CBs are combined in a single HARQ-ACK codebook (sub-CB for TB-based HARQ-ACK is placed first)

· No additional reliability enhancements


2.2.2 Issues & proposals
Issue #1: How to determine UE HARQ-ACK codebook for carriers with mixed numerologies?
Discussions
In current discussion, HARQ-ACK codebook is designed under the assumption that all the downlink carriers have the same numerology. However, RAN1 has already supported carriers with individual scheduling periodicity. In other words, PDCCH can be monitored with different time duration. In the latest specification, dynamic codebook is generated based on scheduling periodicity as depicted in the following figure. As a result, dynamic HARQ-ACK codebook can work already under 2-numerology scenario.  
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Figure 1. Dynamic HARQ-ACK codebook for carriers with different scheduling periodicity/numerology

Moreover, semi-static codebook is now based on the association set which is semi-statically configured per carrier. That means the number of bits can be configurable for each individual carrier. Thus semi-static codebook also supports 2-numerology case. 
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Figure 2. One example with different numerologies between PDSCH and PUCCH
Observation 1: Current HARQ-ACK codebook design can work in the multiple numerology NR-NR CA scenario.
Issue #2: Whether/how to support HARQ-ACK bundling in case with CBG configuration?
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, HARQ-ACK bundling for the CBGs within a TB 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.

Proposal 2: Dynamic HARQ-ACK bundling across CBGs belong to same TB when initial code rate in allocated PUCCH resources is more than configured code rate.

Issue #3: How to define UCI piggyback mechanism in NR CA when a PUCCH corresponds to multiple PUSCH?
Discussions
In LTE, when UCI consists of P-CSI and/or HARQ-ACK and it needs to be transmitted in PUSCH in CA, the UCI shall be transmitted on primary cell if primary cell PUSCH exists. Otherwise, UCI will be transmitted on the SCell with smallest SCellIndex. With this method, when the DL grant that schedules the PUSCH which should carry UCI is missing, the UE is able to sense the DL grant missing if DAI filed exists. In this case, the UE may not transmit the UCI on the wrong PUSCH, and the other PUSCH can be correctly received by the network. In other words, in LTE the UCI is transmitted to the PUSCH with smaller DAI value, which leads to better reliability. However in NR, due to the introduction of flexible scheduling and HARQ timing, if we reuse the previous mentioned piggyback mechanism when one PUCCH is related with multiple PUSCH, the UE may not know the DL grant missing. In this case, the UE will transmit the UCI on a wrong PUSCH, causing not only UCI missing but also PUSCH decoding error. Besides, NR CA should also consider the processing time for UCI piggyback.
To solve this problems, some new piggyback mechanisms should be investigated for robustness enhancement in NR CA. For example, in NR we may define new PUSCH selection mechanism for piggyback in standard. Other solutions such as multiple PUSCH carries repeated UCI or implicit DCI indication for PUSCH carries UCI can also be considered.  
Proposal 3: Define new piggyback mechanisms in NR CA when a PUCCH corresponds to multiple PUSCH for robustness enhancement with consideration of flexible timing and multiple numerologies.
2.3 Timing advance
2.3.1 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


2.3.2 Issues & proposals
Issue #1: How to perform timing advance for carriers with multiple numerologies?
Discussions
For CA with multiple numerologies, basically there are two ways for a UE to perform timing advance on multiple carriers. The first is to configure carriers with different numerologies into different TAGs, the second is to configure carriers with different numerologies within one TAG. Since for SUL it has already agreed that SUL and UL with different numerologies are in the same TAG, it is nature that carriers with different numerologies can be configured in the same TAG in CA in some cases.
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. A relevant recent RAN1 agreement is when UL and SUL have different numerologies, the TA granularity follows smaller SCS. However, if we extend this agreement to 2-numerology CA without SUL, there might be some problems. The TA accuracy requirement may not always be satisfied if the TA granularity for small SCS such as 15kHz. That is to say, some combinations may hard to be supported in the same TAG. To address this problem, we should evaluate numerology combination and find out whether there should be some 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.

Proposal 4:  Carriers with different numerologies can be configured in the same TAG. Numerology combinations within one TAG can be further evaluated.
Issue #2: What’s the definition of TA offset?
Discussions
In LTE, when a secondary TAG contains both TDD and FDD serving cells,  TA offset is exploited in all the carriers. The exact value of TA offset is defined as 624Ts, about 20us. The main purpose of TA offset is to ensure that both UE and base station have enough time to change the transmission direction based on hardware capability. The exact TA offset value is currently defined as 
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 in 38.213. It can be seen that for 15kHz CC the TA offset is the same as LTE and for other numerology the TA offset is inversely scaled with SCS. As a result, the TA offset is about 5us and 2.5us for 60kHz SCS carrier and 120kHz SCS carrier, respectively. This time is very limited and it is very difficult for both base station and UE to implement. In RAN4’s discussion, more than 10us and 5us TA offset has been proposed for below 6G and above 6G, respectively. Moreover, the transition time for a UE might be less irrelevant with numerology if multiple CCs are configured.
Proposal 5: The current exact TA offset values should be re-evaluated in NR.
2.4 SRS switching among CCs
2.4.1 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


2.4.2 Issues & proposals

Issue #1: Detailed design of SRS switching among CCs. 
Discussions
LTE Rel-14 SRS switching mechanism is a baseline for NR design. Different from LTE, some new features are supported in NR, including SUL, short PUCCH and multiple numerology in terms of collision handling and signaling. Please refer to [5] and [6] for details.

Observation 2:  SRS switching should consider new features including SUL, short PUCCH and multiple numerologies in NR.
3 Conclusion

The following observations and proposals on NR carrier aggregation are made:
Proposal 1: For slot-based cross-carrier scheduling with different numerologies, 

· One PDCCH in long slot scheduling multiple short slots can be supported. One TB to one slot mapping should be supported.

Observation 1: Current HARQ-ACK codebook design can work in the multiple numerology NR-NR CA scenario.
Proposal 2: 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 3: Define new piggyback mechanisms in NR CA when a PUCCH corresponds to multiple PUSCH for robustness enhancement with consideration of flexible timing and multiple numerologies.
Proposal 4:  Carriers with different numerologies can be configured in the same TAG. Numerology combinations within one TAG can be further evaluated.
Proposal 5: The current exact TA offset values should be re-evaluated in NR.

Observation 2:  SRS switching should consider new features including SUL, short PUCCH and multiple numerologies in NR.
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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


	RAN1#91 agreement:
· NR supports separate configuration of HARQ-ACK spatial bundling for PUSCH and PUCCH

· For cross-carrier scheduling, NR support UESS sharing in case of same DCI size for DCIs of different carriers on the same scheduling carrier, as an optional feature (additional UE capability for UEs that are capable of cross-carrier scheduling)

· For semi-static HARQ-ACK codebook, support

· DL association set is determined based on the configured set of HARQ-ACK timings, where the HARQ-ACK payload is ordered based on DL time index

· There is no DAI in DL grants

· No consensus to introduce CBG-level DAI in DCI in Rel-15
· Generate 2 HARQ-ACK sub-codebooks (sub-CBs) 

· First sub-CB is for transmissions with TB-based HARQ-ACK, second sub-CB is for transmissions with CBG-based HARQ-ACK

· The sub-CBs are combined in a single HARQ-ACK codebook (sub-CB for TB-based HARQ-ACK is placed first)

· No additional reliability enhancements

· It is understood that different PDCCH monitoring periodicities per PUCCH cell group are supported for same scheduling “type” (i.e. ‘slot-based scheduling’ or “non-slot-based” scheduling)
· It is understood that parallel PUCCH and PUSCH transmissions on the same cell is deprioritized from the Dec. release, and parallel PUCCH on one cell and PUSCH on a different cell (or UL vs. SUL for the serving cell) within a cell group is also deprioritized in the Dec. release 

· From RAN1 perspective, this entire feature is not supported in Rel-15

· Note: across cell groups, parallel PUCCH in one group vs. PUSCH in the other group is supported 
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