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1 Introduction

It is important to evaluate how much we can re-use LTE mechanisms for NR-CA and NR-DC. In this contribution we give a comprehensive summary of LTE CA/DC. Based on the summary, a list of open issues and work plan for NR CA/DC and LTE-NR DC is provided. 
2 Discussion

2.1 Summary of LTE CA
The summary of LTE CA from R10 to R14 impact on RAN1 specification is listed in the following table.
Table 1.
Summary of LTE CA
	R10 CA features
	Solution/Standard impact

	CA Type
	Contiguous CA
	-

	
	Intra-band non-contiguous CA
	-

	
	Inter-band non-contiguous CA
	-

	Maximum CC
	Up to 5CC
	· TB mapping and HARQ within the CC

	CC Type (UE-side)
	Primary CC (active)
	· Same as non-CA

	
	Secondary CC (active/deactive)
	· Active: SRS/CQI/PMI/RI/PTI report; detect PDCCH for SCC

	
	
	· De-active: only low frequent measurement for path loss

	CC configuration
	PCC
	· During connection establishment
· with SCH/PBCH

	
	SCC
	· RRC configured SCC and activated/deactivated by MAC-CE
· with SCH/PBCH

	CC Duplex mode
	All CC are FDD CC
	· The same subframe length for all CC

	
	All CC are TDD CC
	· intra-band CA only, same UL-DL configuration, same subframe length

	Scheduling
	Same-CC scheduling
	· Same as non-CA

	
	Cross-CC scheduling in UE specific search space
	· Common search space in Pcell

· Each PDSCH/PUSCH scheduled by single DL CC, 3bit CIF
· UE-specific search space and blind decodes for each CC

· CFI indicated by RRC

	Sync
	All CC synchronized
	· Same SFN for all CC
· One TAG

	PUCCH
	PUCCH on PCC
	-      PUCCH format 1b with channel selection including ACK codebook

· PUCCH format 3 with single and dual RM code including ACK codebook
· CSI on PUCCH
· SRI on PUCCH

	UCI on PUSCH
	UCI on PUSCH
	· PUSCH Selecting for UCI multiplexing

· HARQ-ACK on PUSCH for multiple CC
· CSI on PUSCH for multiple CC

	Power control
	Power control
	· Power control for uplink channels/ signals

	Combinations of uplink channels/ signals
	Combinations
	· PUSCH/SRS/CQI/HARQ-ACK/SRI

	R11 CA features
	Solution/Standard impact

	CC Duplex Mode
	Different UL-DL configuration TDD inter-band CA
	· supports different UL-DL configuration: which combination are supported

· UE capability with full and half duplex 
·  PDSCH and HARQ-ACK timing

· PUSCH and PHICH timing

· Enhancements of PUCCH format 1b with CS and format 3

	Sync
	Multiple TAG
	· TA measurement
· Power control for full/partial overlap period for PRACH/PUSCH/PUCCH/SRS

· SRS transmission in multiple TAG

	Control signaling enhancements
	ACK and CSI
	· Simultaneous transmission of periodic CSI and HARQ-ACK
· Multiple periodic CSI reporting in a subframe

	R12 CA features
	Solution/Standard impact

	CC Duplex mode
	FDD+TDD
	· HARQ timing/feedback codebook/DCI format

	R13 CA features
	Solution/Standard impact

	Maximum CC
	Up to 32CC
	· RRC configuration

	CC Type (UE-side)
	Primary Second CC (PSCell) (active/deactive)
	· Active: SRS/CQI/PMI/RI/PTI report; detect PDCCH for SCC

	
	
	· Deactive: SRS/CQI/PMI/RI/PTI report; detect PDCCH for SCC

	CC configuration
	PSCell
	· RRC reconfiguration

	PUCCH
	PUCCH on PCell/PSCell
	· PUCCH format 4/5 with TBCC and CRC8 for HARQ ACK

· Semi-static and dynamic HARQ-ACK codebook

· Dynamic PUCCH format adaption

· TPC for new PUCCH formats

	R14 CA features
	Solution/Standard impact

	CC Type (UE-side)
	SRS-only CC
	

	Sync
	
	· SRS only CC within a TAG

	SRS switching
	Control signaling
	· Group DCI for SRS switching: Type A and type B

	
	Power control
	· Power control for SRS-only CC

	
	Retuning time
	· UE capability signaling indicating the switching time

	
	Collision handling
	· Priority list for Collision handling

	PRACH
	
	· Switching-from CC: same as SRS
· Switching-to CC: based on PDCCH order


2.2 Summary of LTE DC
The summary of LTE DC from R10 to R14 impact on RAN1 specification is listed in the following table.
Table 2.
Summary of LTE DC 
	R12 DC features
	Solution/Standard impact

	Cell group (CG) type
	Master CG
	· PCC

	
	
	· SCC

	
	Secondary CG
	· PSCC

	
	
	· SCC

	Sync
	
	· Not need to be synchronized between different CG

	Scheduling
	
	· CSS on PSCC
· No cross-carrier scheduling between cells in different PUCCH groups
· Independent PUSCH/PUCCH/SRS for MCG or SCG

	Power control
	Synchronized DC (no more than 33us)
	· Power control mode (PCM)1: all the remaining power can be shared

	
	Asynchronized DC

(more than 33us)
	· PCM2: all remaining power is first made available to CG associate with earlier transmission

	
	Other impact
	· Priority rule, PHR report


3 Open issues for NR CA/DC and LTE-NR DC
Taking LTE CA/DC mechanism as the starting point, we further list some open issues in NR CA/DC especially due to new features supported in NR. One of the most important NR new features is the scalable numerology. It is nature and beneficial to support cross carrier scheduling and joint feedback for carriers with different numerologies in NR, for instance in inter-band CA. In this case, more complex timing and codebook design will be introduced, similarly as in LTE R11 and R12 CA for the support of different DL-UL configuration TDD CA and TDD-FDD CA, respectively. Since NR has at least 5 kinds of numerologies and maximum 16 CCs in each CC group, great standard efforts will be spent to support all possible combination of numerologies in each CC group. What’s more important, most of the combinations might not be used in practical and a few combinations will be enough for all the relevant use cases. Therefore, restrictions on combinations of multiple numerologies are necessary and shall be considered.
For NR DC, NR CA can be taken as baseline. A special case is NR NSA for a UE, where NR supports the case that when the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers. In this case, for LTE-NR dual connectivity with ideal backhaul, it is possible for NR gNB to be aware of non-LTE uplink (LTE UL on F1) subframe when LTE is not scheduled. Hence it is possible for NR gNB to switch from an LTE uplink to NR uplink (NR UL on F2) without impact on LTE transmission. In this case, there is no RAN1 specification impact foreseen. However, the consequence is that NR uplink transmission cannot occur in any LTE uplink subframe, which would cause significant performance degradation on NR. One potential solution would be to allow NR uplink transmission in an LTE carrier (NR UL on both F1 and F2 while NR DL on F2), e.g. sharing the carrier in an FDM manner allowing both LTE and NR transmission in any subframe.

For LTE-NR DC, LTE DC can be taken as the starting point in terms of carrier group definition, synchronization, scheduling and power control.

The list of open issues for NR CA/DC and LTE-NR DC is provided in the following table. Generally the following issues can be discussed and decided parallel with single carrier discussion.
· The functionality of carrier group types

· The functionality of  CC types

· Scheduling mechanism including the design principles for search space, HARQ, PUCCH
· Power control

· Multiple TA

Some of detail design related to HARQ timing, PUCCH format and UCI on PUSCH can be discussed and decided later when there is sufficient progress for single carrier operations.
Table 3. Open Issues for NR CA and DC
	NR CA/DC
	Open issue
	Dependence analysis

	Carrier group (CG) types
	· Which types of carrier group are supported
· What’s the functionality of each carrier group type
· How many carrier groups
	Not depend on NR single carrier discussion. Should be decided early

	CC types
	· Which types of CC are supported
· What’s the functionality of each CC type
	Not depend on NR single carrier discussion. Should be decided early

	Duplex mode
	· FDD CC CA
· TDD CC CA
· FDD + TDD CC CA
	TDD CC is related to frame structure and slot format discussion

	Sync
	· Support multiple TAG
· TA measurement
· Power control for full/partial overlap period for PRACH/PUSCH/PUCCH/SRS

· SRS transmission in multiple TAG
	TA measurement and the principle for power control for full/partial overlap period do not tightly related to single carrier discussion. These issues could be discussed early.

	Scheduling
	· Cross carrier scheduling for the same and different numerology
· The combination of supported different numerology

· Common search space on which CC type
· Group common PDCCH of slot format for multiple CC

· PDSCH/PUSCH scheduled by single or multiple DL CC
· UE-specific search space and blind decodes for each CC

· CIF bits

· PUSCH and HARQ timing
	Some of issues do not depend on single carrier discussion, such as The combination of supported different numerology, Common search space on which CC type, slot format for multiple CC, scheduling by single or multiple DL CC, the principle of UE-specific search space and blind decodes and CIF bits.

	PUCCH
	· Which PUCCH formats are support for multiple CC
· PDSCH and HARQ timing

· HARQ-ACK codebook

· CSI on PUCCH including multiple CSI
· SRI on PUCCH

· Simultaneous transmission of CSI and HARQ-ACK
	The principle of HARQ-ACK codebook and some functionality can be discussed early

	UCI on PUSCH
	· PUSCH Selecting for UCI multiplexing

· HARQ-ACK on PUSCH for multiple CC
· CSI on PUSCH for multiple CC
· Simultaneous transmission of CSI and HARQ-ACK
	Some functionality can be discussed early

	SRS switching
	· Group DCI for SRS switching: Type A and type B

· Power control for SRS-only CC

· UE capability signaling indicating the switching time

· Priority list for Collision handling
· Beam indication across carriers

· Other channels impact
	The design principle of control signaling, retuning time and power control can be discussed early

	Power control
	· Power control for uplink channels/ signals
	Priority list can be discussed early

	Combinations of uplink channels/ signals
	· PUSCH/SRS/CQI/HARQ-ACK/SRI
	Can be discussed later

	LTE-NR DC
	Solution/Standard impact
	Dependence analysis

	Carrier group (CG) type
	· Which types of carrier group are supported
· What’s the functionality of each carrier group type
· How many carrier groups
	Not depend on NR single carrier discussion. Should be decided early

	Scheduling
	· CSS on which CC type
· No cross-carrier scheduling between cells in different PUCCH groups?
· Independent PUSCH/PUCCH/SRS for different carrier group?
	Can be discussed and decided early

	Power control
	· Power control for uplink channels/ signals
	Can be discussed and decided early


Proposal 1: Consider the open issues for NR CA and DC as in Table 3. NR CA and DC specific issues without dependency on single carrier standardization progress, including aspects of carrier group type, CC type, scheduling mechanism, power control, multiple TA can be discussed and decided at early stage.
4 Suggested work plan for CA/DC in R15
Based on the above analysis, we suggest the following work plan for the next several meetings. 

· At RAN1 AH (June):
· Discuss CG and CC types for NR. Agree some principle of the functionality.
· Discuss cross-carrier scheduling/joint UCI feedback for carriers with the same or different numerology. Agree some principle.
· Discuss SRS switching for carriers with the same or different numerology. Agree some principle.
· Discuss power control aspects including synchronous and non-synchronous case, full and full/partial overlap period, and focus on high level principles like LTE PCM2 based. Agree high level principles for power control.
· Discuss some principle on multiple TA
· At RAN1#90 (Aug):
· Agree the functionality of CG and CC types 

· Agree the carriers or carrier groups for cross-carrier scheduling and joint UCI feedback with the same and different numerology, including timing and numerology combination.
· Agree SRS switching for carriers with the same or different numerology, including timing and numerology combination.
· Agree further high level principles for power control
· Discuss remaining aspects for SRS switching, including SRS switching triggering, retuning time, synchronization, collision handling, power control and beam indication
· Discuss scheduling aspects including DCI formats, cross carrier scheduling, CIF bits
· Discuss UCI feedback for carrier aggregation, including PUCCH format, UCI on PUSCH, HARQ codebook 
· Discuss remaining aspects for power control, including parameter setting, priority list, and the related DCI formats. 
· Agree further details on multiple TA
· At RAN1 AH (Sep):
· Agree remaining aspects for SRS switching, including SRS switching triggering, retuning time, synchronization, collision handling, power control and beam indication
· Agree scheduling aspects including DCI formats, cross carrier scheduling, CIF bits
· Agree UCI feedback for carrier aggregation, including PUCCH format, UCI on PUSCH, HARQ codebook 
· Agree remaining aspects for power control, including parameter setting, priority list, and the related DCI formats  
· Agree details on multiple TA
· Made RRC parameter list 
· At RAN1#90b (Oct):
· Remaining details 

· Update RRC parameter list (if any)
· At RAN1#91 (Nov):

· At RAN1 AH (Jan):

· At RAN1#92 (Feb): 
Proposal 2:  Consider the work plan for NR CA and DC as in Section 4.

5 Conclusion

In this contribution, we summarize the LTE CA/DC features from R10 to R14. Open issues are listed and the following proposals are made.
Proposal 1: Consider the open issues for NR CA and DC as in Table 3. NR CA and DC specific issues without dependency on single carrier standardization progress, including aspects of carrier group type, CC type, scheduling mechanism, power control, multiple TA can be discussed and decided at early stage.
Proposal 2: Consider the work plan for NR CA and DC as in Section 4.
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