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1 Introduction
In the RAN1#90bis meeting, aspects related to CA were further disusssed and some agreements were made as follows [1]: 

	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)

Agreements:

· 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

Agreements:

·  ‘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


In this contribution, we discuss the remaining issues of CA operation that need to be finalized in RAN1. 
2. Discussion
2.1 SCell Activation/Deactivation 
RAN2 already agreed to reuse the MAC-CE based signaling for SCell activation/deactivation. However, there was a concern raised on the latency performance and therefore a new candidate, i.e., DCI-based signaling, was proposed. 
Our preference is to use MAC-CE based signaling due to several reasons. First, it is unclear to us what the potential timing savings for DCI-based versus MAC-CE scheduling would be. As already discussed, the DCI-based option can be at most k1 times faster than MAC-CE, where k1 is the delay to interpret MAC-CE at the UE. Note that NR involves fast processing time of PDSCH in order to meet the stringent timing requirement. Hence, it is fair to assume that the MAC-CE command can be decoded well ahead the end of slot. On the other hand, DCI-based trigger may not be applied before the middle of the slot. The potential timing savings in this case is about half a slot. Considering the total processing time of SCell activation by taking into account other key components that are independent of signalling (i.e., L1 or MAC-CE), such as RF retuning time (Gap), DL synchronization time, etc., we are reluctant to agree that saving half a slot makes a difference for the SCell activation latency in practice. Furthermore, the majority of applications with high data rate requirement to active CCs run over the TCP protocol. TCP is characterized by the well-known slow start. This means that an application running over TCP will first exploit the full benefit of CA (in terms of increased peak data rate) only some time after CC activation. Hence, we propose: 
Proposal 1: 
· NR supports SCell activation/deactivation via MAC-CE only in Rel-15. 
2.2. HARQ-ACK codebook generation
The following sections focus on how to feedback HARQ-ACK bits in the case of CA without CBG configuration. We provide our views on HARQ-ACK codebook related aspects considering CBG in our companion contribution [2]. 
2.2.1 Semi-static HARQ-ACK codebook
As it was agreed, the semi-static HARQ-ACK codebook is at least determined by the configured CC number, the maximum number of TBs and the configured number of CBGs per TB per configured CC. One FFS aspect of the semi-static HARQ-ACK codebook is how to determine the HARQ-ACK timing window (aka DL association set). 

In LTE, the timing relationship between PDSCH and the corresponding UL subframe for HARQ-ACK feedback is predetermined depending on the TDD UL/DL configuration for FS2. There is no error case related to the missing DL assignments. In NR, the PDSCH HARQ-ACK timing is dynamically indicated in DCI format in order to efficiently adapt the air interface to the variations of traffic and may cause certain ambigurity between gNB and UE on the total number of HARQ-ACK bits when UE misses DL assignment(s). 
To mitigate the mismatch problem, one possible way is to explicitly configure the HARQ-ACK timing window by higher layers. To allow for flexible configuration, a set of window sizes can be predefined in the specification, e.g., {1,2,4,8} slots. In addition, one default value can be specified and then applied for UE if the window is not configured to reduce the signaling overhead. As shown in FIG.1, the last slot of an HARQ-ACK timing window would be determined by the UE minimum processing time. Furthermore, the HARQ-ACK bits for different slots or CCs can be simply ordered based on the slot index of the window and the CC in increasing order of the CC index. In addition, same as in LTE, the HARQ-ACK feedback for the unscheduled CC/slot within an HARQ-ACK timing window should be set to NACK and the gNB could make use of the known bits at the decoder. This method is also applicable for the CA case when different TTIs (ieither due to different numerologies or non-slot-based scheduling) as the HARQ-ACK bits are generated and concatenated on a per CC basis. 
Proposal 2: 

· The HARQ-ACK timing window is configured by higher layers for the semi-static HARQ-ACK codebook. 

· The last slot of an HARQ-ACK timing window is implicitly determined based on the minimum processing time for a given UE. 

· The HARQ-ACK bits for different slots or CCs are ordered based on the slot index of theHARQ-ACK timing window and the CC in increasing order of the CC index.

· The HARQ-ACK feedback for the unscheduled CC/slot within an HARQ-ACK timing window should be set to NACK.
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Figure 1: HARQ-ACK feedback for semi-static HARQ-ACK codebook determination 


2.2.2 Dynamic HARQ-ACK codebook 
In addition to the semi-static HARQ-ACK codebook determination, a dynamic HARQ-ACK codebook mechanism is needed to adapt the number of HARQ-ACK bits with the actual PDSCH transmissions scheduled by gNB.  
In LTE Rel-14, two DAI fields (i.e., counter DAI and total DAI) were added into the 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 i\on the order of frequency-first time-second by counting the accumulative number of scheduled 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 3: 

· 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 with the same TTI length and without CBG-based operation. 

More consideration is needed when the CCs have different TTI lengths, e.g., for slot and non-slot-based scheduling. In this case, the definition of counter DAI can be simply enhanced to accumulate the value up to the current PDCCH, instead of up to the current PDSCH in LTE. Similarly, the total DAI value would represent the total number of PDCCHs up to the current PDCCH instance. Figure 2 shows an example of two CCs with different TTI lengths in CA. 
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                             Figure 2: The dynamic HARQ-ACK codebook determination based on DAI


Proposal 4: 
· Enhance the definition of total DAI and counter DAI based on the PDCCH instances for the case of CA with different TTI lengths on CCs.  
For NR, the following was agreed for SPS transmissions in the RAN2 #99 meeting [3]: 
	Agreements
1.
UL/DL SPS configuration can be configured and activated simultaneously on both PCell and PSCell

2.
SPS can be configured for a SCell.  FFS if it is restricted to a single configuration or can be allowed on multiple SCells.  
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Figure 3: Mismatch problem of HARQ-ACK bits ordering between gNB and UE


Since there is no DL assignment for SPS PDSCH transmission (also no DAI), the missing PDCCH grants for some CCs could cause HARQ-ACK bit ordering mismatch between gNB and UE. Figure 3 illustrates this mismatch assuming UE is configured with eight CCs. Six CCs are scheduled by gNB for normal PDSCH transmission and SPS PDSCH is transmitted in CC#4. All PDSCH transmissions are sussfully decoded except CC#3. In this case, UE cannot figure out where the missed PDSCH is located, e.g., CC#3 or CC#5.  

Simliarly as in LTE, one way to solve this problem is to map the HARQ-ACK bits associated with SPS PDSCH transmission(s) to the beginning of the HARQ bit sequence, to be followed by the HARQ-ACK bits for PDSCH transmissions scheduled by PDCCH or PDCCH indicating SPS release. 

Proposal 5: 

· Map the HARQ-ACK bits associated with SPS PDSCH transmission(s) to the beginning of the HARQ bit sequence and then append the HARQ-ACK bits for PDSCH transmissions scheduled by PDCCH or PDCCH indicating SPS release. 
3. Conclusions

In this contribution, we discussed the remaining issues of CA operation. We make following proposals:  
Proposal 1: 

· NR supports SCell activation/deactivation via MAC-CE only in Rel-15. 
Proposal 2: 

· The HARQ-ACK timing window is configured by higher layers for the semi-static HARQ-ACK codebook. 

· The last slot of an HARQ-ACK timing window is implicitly determined based on the minimum processing time for a given UE. 

· The HARQ-ACK bits for different slots or CCs are ordered based on the slot index of theHARQ-ACK timing window and the CC in increasing order of the CC index.

· The HARQ-ACK feedback for the unscheduled CC/slot within an HARQ-ACK timing window should be set to NACK.
Proposal 3: 

· 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 with the same TTI length and without CBG-based operation. 

Proposal 4: 

· Enhance the definition of total DAI and counter DAI based on the PDCCH instances for the case of CA with different TTI lengths on CCs.  
Proposal 5: 

· Map the HARQ-ACK bits associated with SPS PDSCH transmission(s) to the beginning of the HARQ bit sequence and then append the HARQ-ACK bits for PDSCH transmissions scheduled by PDCCH or PDCCH indicating SPS release. 
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