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1 Introduction
At the RAN1#90 NR#3 meeting, the following was agreed for carrier aggregation (CA) [1]:  

	Agreements:
· Maximum number of HARQ processes for unicast PDSCH is configured per cell for a UE
· FFS impact on DCI design
· 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
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)
Agreements:
· 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)



In this contribution, we discuss the above FFS aspects and express our preferred solutions to finalize the Rel-15 specifications w.r.t. CA operation.   
2. Discussion
2.1 On the presence of CIF field 
The addition of CIF in a PDCCH inevitably changes the DCI format size for both scheduling CC and scheduled CCs. When a UE is semi-statically reconfigured from CIF-less to CIF operation (or vice versa), there is no longer a common DCI format between gNB and UE in the impacted UE-specific search space and, hence, the peak data rate performance is reduced due to cross-carrier operation.   
In LTE, the presence of the CIF field in DCI format was decided by RAN2 to be explicitly configured by higher layers and controlled by eNB, which is independent of the cross-carrier scheduling operation [2]. In other words, eNB is allowed to configure a CIF field for a CC even for the self-scheduling case. With this approach, the DCI format size is kept to be constant during CIF presence reconfiguration and, consequently, eNB can continuously schedule PDSCH transmissons on the activated CCs for a given UE and provide improved throughput performance.   
Proposal 1: 

· The presence of the CIF field in DCI format is explicitly configured by higher layers. 
2.2 Cross-carrier scheduling 

When cross-carriers scheduling is enabled, the scheduling CC needs to carry PDCCHs scheduling PDSCH and PUSCH transmissions for at least two CCs. In order to maximize the reuse of the single CC UE-specific search space (UESS) design, the search space for the scheduling CC should follow the single CC design. Like in LTE, in order to simply the search space extension to support cross-carrier scheduling, an offset can be introduced to determine the corresponding USS for each scheduled CC based on the value of CIF configured by higher layers. 
Proposal 2: 

· The UE-specific seach space for a scheduled CC is offset from the scheduling CC according to the CIF configured by higher layers. 
Another FFS aspect is whether multiple UESS for a UE can be shared in case the DCI formats have the same size. Sharing of the UESS in the case of the same DCI format size has been supported in LTE due to the benefit of reducing the blocking probability. It remains valid for NR CA and hence should be reused.  
Propsoal 3: 

· The UE search spaces in the same CORESET on a scheduling CC are shared in the case of the same DCI size. 

2.3 HARQ-ACK codebook 

2.3.1 Semi-static codebook 

It was agreed to support both semi-static and dynamic HARQ-ACK codebook. NR supports dynamic indication of HARQ-ACK timing to efficiently adapt the air interface to the variations of traffic. As a consequence, the HARQ-ACK bits associated with multiple PDSCHs of different CCs can be transmitted in a single UL slot. 
For the semi-static HARQ-ACK codebook, the HARQ-ACK bits transmitted in a UL slot are generated semi-statically according to the number of configured CCs, maximum number of CBGs for different CCs, CORESET monitoring periodicities and the number of slots in an HARQ-ACK bundling window. The last slot in a bundling window should be limited by the processing capability reported by a UE. Moreover, the size of an HARQ-ACK bundling window for different services types (i.e., slot-based and non-slot-based) is signalled by the scheduling DCI format to control the HARQ-ACK payload on PUCCH. 
The dynamic determination of the HARQ-ACK bundling window in the time domain may cause error cases when UE misses DL assignment(s) and results in erroneous ordering of HARQ-ACK bits in the HARQ-ACK codebook. To address this problem, one DAI field can be included in the NR DCI formats counting the number of scheduled PDSCH transmissions within a bundling window. More specifically, the DAI field serves as the index of the HARQ-ACK bit in the semi-static HARQ-ACK codebook. In addition, same as in LTE, the HARQ-ACK feedback for the unscheduled CC/slot within an HARQ-ACK bundling window should be set to NACK and the gNB could make use of the known bits at the decoder.  

Proposal 4: 

· The HARQ-ACK codebook size is determined based on the number of configured CCs, the maximum number of CBGs for CCs, CORESET monitoring periodicities, the size a HARQ-ACK bundling window and the DL transmission mode configuration. 
· The HARQ-ACK bunding window size in the time domain is dynamically indicated by the scheduling DCI format on a per CC basis. 
· A counter DAI in each DL assignment of one CC is used for HARQ-ACK bit ordering.

2.3.2 Dynamic codebook
In LTE Rel-14, two DAI fields (i.e., counter DAI and total DAI) were added into DCI formats to support dynamic HARQ-ACK codebook determination for up to 32 CCs. More specifically, the counter DAI is incremented jointly over both the frequency and time domain in the order of frequency-first time-second by counting the accumulative number of scheduling PDSCHs up to the present subframe of each CC; the total DAI is updated subframe by subframe denoting the total number of scheduled PDSCH transmission(s) across CCs up to the present subframe. We think that the enhanced DAI signalling defined for Rel-14 eCA can be fully reused for NR CA without CBG-based operation.        
Proposal 5: 
· The enhanced DAI defined for Rel-14 eCA (i.e., counter DAI and total DAI) is reused to support dynamic HARQ-ACK codebook for CA without CBG-based operation. 
In NR, CBG-based transmission is introduced to efficiently multiplex the eMBB and URLLC traffic within a slot. If UE is configured with both carrier aggregation and CBG-based HARQ feedback, the eCA DAI solution does not work properly for dynamic HARQ-ACK codebook determination since the enhanced DAI only counts HARQ entries irrespectively of the CBG size. Some enhancements on eCA DAI or restrictions on the CBG configuration are needed to ensure sufficient reliability of the HARQ-ACK feedback. The first question that should be discussed with respect to CBG and CA operation is whether or not the configuration of varying number of CBGs on different CCs is allowed to be configured in the Rel-15 CA framework. 
Proposal 6: 

· RAN1 should discuss the feasibility of restriction on the maximum number of CBGs for CCs in the CA case. 
If different number of CBGs across CCs would be allowed in Rel-15, one potential problem was identified when UE misses the DL assignments on CC(s) [2], which means that gNB and UE may have different understanding on the HARQ-ACK codebook size as well as on the ordered bits. Hence, the design for the HARQ-ACK codebook size adaptation must have sufficient mechanisms to ensure that these errors occur at accepatable probability. We further recommend to study some robust solutions for HARQ-ACK feedback with CBG configuration to be standardized for Rel-15. One such mechanism is to determine the HARQ-ACK codebook size based on the maximum number of CBGs across CCs. It still provides gNB the flexibility to decide how to configure the number of CBGs across CCs with a tradeoff between the efficiency of CBG-based operation and HARQ-ACK signalling overhead.   
Proposal 7: 

· If the maximum number of CBGs is different for different CCs, the dynamic HARQ-ACK codebook size is determined based on the maximum number of CBGs across all CCs. 
2.4 Support of HARQ-ACK bundling 

In the CA case, UE is configured with two or more DL CCs and transmits HARQ-ACK for these CCs on a single UL CC. As a result, the size of HARQ-ACK payload increases linearly compared to the single CC case. In reality, a UE may experience imbalanced DL and UL channel conditions. More specficially, while UE sees a relatively favourable DL condition, it may experience unfavorable UL channel conditions. Such a situation may negatively impact the DL peak data rate performance if no HARQ-ACK feedback reduction schemes are supported by NR and, hence, DL CA cannot be configured for the UE. Therefore, HARQ-ACK bundling schemes should be supported as in LTE such that DL CA can be possibly configured for cell-edge UEs to improve the throughput performance.  

Typically, the HARQ-ACK payload can be reduced by either spatial bundling (for CCs configured with DL MIMO modes) and/or time-domain bundling. With the first approach, the HARQ-ACKs for two codewords in the same PDSCH can be logically bunded and, consequently, reduce the 2 HARQ-ACK bits to 1 bit; time-domain bundling applies logically across multiple slots which are associated with a single UL slot for HARQ-ACK feedback. 

In general, the DL performance loss due to spatial bundling operation is less than that of time-domain bundling due to the higher correlation between the two codewords. In the other hands, spatial bundling brings down the HARQ-ACK overhead up to half but is limited to the MIMO case. We therefore propose to support both these two bundling schemes in NR to reduce the HARQ-ACK payload targeting different use cases. 
Proposal 8: 

· Support time-domain and spatial-domain bundling to reduce the HARQ-ACK payload and extend UL coverage. 
3. Conclusions
In this contribution, we discuss the remaining issues to support of CA operation for NR system and propose the following:
Proposal 1: 

· The presence of the CIF field in DCI format is explicitly configured by higher layers. 

Proposal 2: 

· The UE-specific seach space for a scheduled CC is offset from the scheduling CC according to the CIF configured by higher layers. 
Propsoal 3: 

· The UE search spaces in a same CORESET on a scheduling CC are shared in the case of the same DCI size. 

Proposal 4: 

· The HARQ-ACK codebook size is determined based on the number of configured CCs, the maximum number of CBGs for CCs, CORESET monitoring periodicities, the size a HARQ-ACK bundling window and the DL transmission mode configuration. 
· The HARQ-ACK bunding window size in the time domain is dynamically indicated by the scheduling DCI format on a per CC basis. 

· A counter DAI in each DL assignment of one CC is used for HARQ-ACK bit ordering.

Proposal 5: 
· The enhanced DAI defined for Rel-14 eCA (i.e., counter DAI and total DAI) is reused to support dynamic HARQ-ACK codebook for CA without CBG-based operation. 
Proposal 6: 

· RAN1 should  discuss the feasibility of restriction on the maximum number of CBGs for CCs in the CA case. 
Proposal 7: 

· If the maximum number of CBGs is different for CCs, the dynamic HARQ-ACK codebook size is determined based on the maximum number of CBGs across all CCs. 
Proposal 8: 

· Support time-domain and spatial-domain bundling to reduce the HARQ-ACK payload and extend UL coverage. 
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