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1	Introduction
In RAN plenary #75, WID on NR has been approved [1]. In addition, the following agreements were made in RAN1#88bis related to CA: 
Agreements:  
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

Agreements:  
· For carrier aggregation, multiple timing-advance groups are supported
· FFS: The number of timing advance groups

and related to DC 
Agreements:  
Both synchronous and asynchronous dual connectivity are supported for LTE-NR/NR-NR DC
Agreements:  
· 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.

In this contribution, we discuss DL and UL control aspects of CA/DC and HARQ process handling in CA/DC. Note that our contribution discussing the power sharing for dual connectivity has been contributed under agenda 7.1.9 [2].
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When operating in CA or DuCo with rather different slot lengths and radio environment each carrier preferably should support own PUCCH and UCI content with signaling options similar as in single carrier operation. This should be regarded as baseline operation as no re-design of control channel is required, thus CA and DuCo should use the same PUCCH and UCI design as in single CC operation. However, there might be situations where joint UCI for several DL carriers is unavoidable. The support for single CC PUCCH and UCI is beneficial in following scenarios:
· To improved UL coverage when neither UL CA or DuCo is used and UE is transmitting on single carrier only.
· In licensed assisted access, the UCI would be transmitted via licensed spectrum only and no uplink transmission in unlicensed band would be needed. 
When operating CA with a single CC for UCI and multiple DL CCs are of different numerologies, the HARQ feedback timing and HARQ codebook size determination will be impacted. Therefore, we expect that UCI will require flexible HARQ feedback timing and codebook size adaptation scheme. 
Proposal-1: Support HARQ feedback of DL carrier of SCS x on PUCCH of UL carrier operating SCS y, where x is different of y.  

3	Downlink Control channel design
It has been agreed that the cross-carrier scheduling is supported, however when operating in CA or DuCo with rather different SCS or slot lengths, cross-carrier scheduling should not be supported. There is a simple reason for this, as e.g. in case of mini-slot there may be more scheduling instances / mini-slots within a subframe compared to a normal slot of the same SCS, meaning cross-carrier scheduling cannot be efficiently supported here anyhow. The same applies considering the number of slots within a subframe using 15kHz or 120kHz SCS.  
Proposal-2: Self-scheduling is supported as baseline. Cross-carrier scheduling is supported only between CCs of the same SCS, the same slot-length and belonging to the same PUCCH cell-group.
To make cross-carrier scheduling technically feasible we think that changes to carrier specific scheduling as well as control overhead should be minimized. Thus, we assume that when data are cross-carrier scheduled: 
· The location options of the DRMS symbols for data are the same across all carriers
· Using the same numerology, and therefore the timing between CCs is the same.
· First symbol of the slot can be used for data transmission on a cross-carrier scheduled carrier
· Each carrier is scheduled independently by independent DCIs
Observation-1: To make the cross-carrier scheduling technically feasible we think that changes to carrier specific scheduling as well as control overhead should be minimized.

4	On HARQ process sharing 

In LTE, the number of HARQ processes is the same and static for all cells based on fixed HARQ RTT requirement, thus preventing HARQ stall when system operation can meet the required RTT. 
However, in different 5G RAN network architectures depicted in Figure 2, the supported HARQ RTT may vary due to different deployment decisions. Thus, it may not be possible to pre-determine the number of HARQ processes needed per link/cell to avoid HARQ stall. Even if it is possible to determine an upper bound for each cell to support the required RTT, as done in LTE, such definition would result unnecessarily high over-provisioning of the total number of HARQ processes and the soft-buffer memory in UE especially when number of CC is increasing.
Therefore, we consider that in NR, the number of HARQ processes per CC should not be fixed, but instead we should allow for configuring or semi-statically allocating the number of HARQ processes that can be used on each of the CCs. By enabling such configuration, the UE could therefore operate with a smaller number of HARQ processes than supported by specification and for each of the HARQ processes more soft-buffer memory would be available.
But it is not just the absolute number of HARQ processes a UE needs to support that needs to be considered, but also the soft-buffer requirements and the soft-buffer partitioning over the different CCs. In LTE the soft-buffer partitioning is static and equally distributed over the CCs. Having now the ability to configure the number of usable HARQ processes per CC, the gNB can also take the different carrier bandwidths (and corresponding peak data rates / soft-buffer requirements for a HARQ processes) into account when configuring the number of HARQ processes. On a narrowband carrier (such as 20MHz) much less soft-buffer memory for a HARQ processes will be required compared to the case of a wideband carrier (such as 100 to 400MHz). Therefore, having the CA & DuCo configuration of the UE with different carrier bandwidths in mind, the gNB will be able to adjust the number of HARQ processes on each component carrier to guarantee sufficient soft-buffer memory for each HARQ process. More discussion on HARQ process operation and soft-buffer management can be found in our accompanying contribution [3].
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[bookmark: _Ref433114835]Figure 2: Dual Connectivity with cloud RAN involving non-zero front-haul latency
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Proposal-3: Support a semi-static allocation or configuration of the maximum number of HARQ processes per configured CC to enable efficient soft-buffer management.

5	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we have discussed CA/DC-specific control design and HARQ process sharing and we have the following observations and proposals:
Proposal-1: Support HARQ feedback of DL carrier of SCS x on PUCCH of UL carrier operating SCS y, where x is different of y.  
Proposal-2: Self-scheduling is supported as baseline. Cross-carrier scheduling is supported only between CCs of the same SCS, the same slot-length and belonging to the same PUCCH cell-group.
Observation-1: To make the cross-carrier scheduling technically feasible we think that changes to carrier specific scheduling as well as control overhead should be minimized.
Proposal-3: Support a semi-static allocation or configuration of the maximum number of HARQ processes per configured CC to enable efficient soft-buffer management.
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