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1 Introduction
In the RAN plenary meeting, the following was agreed for NR-NR CA [1]

	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 discuss the potential RAN1 issues to enable the CA operation with different numerologies within a PUCCH group and other remaining . 
2. Discussion
2.1  Scheduling timing aspects
One functionality that can be potentially affects by using different numerologies across CCs within a PUCCH group is cross-carrier scheduling timing. Regarding cross-carrier scheduling timing, the following was agreed in the post RAN1 # NR Ad Hoc #2 meeting email discussion [2]
	Agreement: 
· 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


Depending on whether the scheduling CC has larger or smaller subcarrier spacing compared to other cross-carrier scheduled CCs, different clarifications on the above agreement are needed to define the DL scheduling timing K0.
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Figur 1: An example of the DL/UL control timeline for aggregated CCs with different numerologies


For the case of the scheduling CC with larger subcarrier spacing, as shown in FIG.1 (left), the PDCCH on the scheduling CC should not be transmitted later than the start of PDSCH to avoid impacting on the UE processing pipleline. In other words, PDCCH scheduling PDSCH in slot n can not be transmitted in other slot except slot 4m on the scheduling CC with larger SCS. The control timeline of NR PDCCH and the utilization of specific DCI formats follows the numerology of the scheduled CCs. Consequently, cross-carrier and cross-numerology scheduling of a UE and self-scheduling with the same numerology on the scheduled SCC are time aligned, which can simplify the scheduler design due to a single scheduling timeline for PDSCH on a CC regardless of scheduling scheme (i.e. self-scheduling or cross-carrier scheduling).  

When the scheduling CC has smaller subcarrier spacing, as shown in FIG.1 (right), the slot offset for PDSCH(s) scheduling should be expressed in terms of numerologies of the scheduled PDSCH in accordance with the agreement cited above. Referring to FIG.1 (right), the PDSCHs in slot 4m, 4m+1, 4m+2 and 4m+3 should be linked with a set of K0 values {0,1,2,3} that is encoded in the DCI format transmitted in slot n on scheduling CC. 

Proposal 1:    
· When the scheduling CC has larger subcarrier spacing compared to scheduled CC, PDCCH that schedules PDSCH in slot n is transmited in a slot m that is not later than n-K0, where n and K0 are expressed in the numerology of scheduled CC and m is expressed in the numerology of scheduling CC.    
2.2. HARQ-ACK codebook generation
NR support both semi-static (i.e. Type-1 HARQ-ACK codebook determination in [2]) and dynamic HARQ-ACK codebook determinations (i.e. Type-2 HARQ-ACK codebook determination). HARQ feedback for DL carriers configured with different numerologies can be included in a same HARQ-ACK codebook.  The following sections focus on how to feedback HARQ-ACK bits in the case of CA with up to two different numerologies within one PUCCH group.  
2.2.1 Semi-static HARQ-ACK codebook
For a CC, higher layer signalling can provide a UE with more than one control resource sets (CORESETs). The multiple CORESETs can be possibly FDM multiplxed, as depicted in FIG.2. In current specification [2] for semi-static HARQ-ACK codebook determination, HARQ-ACK bits concatenation and ordering are conducted based on PDCCH monitoring occasions that are indexed in an ascending order in time, which does not cover the case when two PDCCH  monitoring occasions are located in two FDMed CORESETs. 
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Figure 2:  Two FDMed CORESETs configured for a UE 


A simple way to address this FFS aspect is to generate the HARQ-ACK bit in an ascending order of CORESETS when two CORESETS are FDMed.This HARQ-ACK generation framework can be flexibly extended for multiple active BWPs case in the later releases by adding another components of BWP order, e.g. mapping HARQ-CK bits starting in an ascending order of active BWPs within a CC. Hence, we propose:      
Proposal 2: 

· For semi-static HARQ-ACK codebook determination, the HARQ-ACK bits are concatenated for all configured CCs with the following order to form the HARQ-ACK sequences: 
· CC index>time index>CORESET index. 
For NR, a UE may be semi-statically configured via higher layer signaling to monitor PDCCHs for DCI formats with the CRC scrambled by different RNTI, e.g. SI-RNTI, SFI-RNTI, RA-RNTI, C-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, etc. The UE shall only generate HARQ-ACK bits for the unicast PDSCHs intended to the UE, i.e. DCI format with CRC scrambled by C-RNTI to reduce UL control overhead. 

Proposal 3: 

· UE only generates HARQ-ACK bits for the DCI formats with CRC scrambled by C-RNTI. 
The text proposal on TS 38.213 corresponding to proposal 2 and 3 is provided in Annex 1.  

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.  
For NR CA with a same numerology across CCs within each PUCCH group, it has been agreed to reuse the dynamic HARQ-ACK codebook determination approach defined in LTE [3]. More specically, two types of DAIs, i.e. counter DAI and total DAI IEs are included in DL assignment and are used to determine the total number of HARQ-ACK bits and the order.    

More considerations are needed when the DL CCs have different numerolgies. For 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 3: 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:    

· When the scheduling CC has larger subcarrier spacing compared to scheduled CC, PDCCH that schedules PDSCH in slot n is transmited in a slot m that is not later than n-K0, where n and K0 are expressed in the numerology of scheduled CC and m is expressed in the numerology of scheduling CC.    
Proposal 2: 

· For semi-static HARQ-ACK codebook determination, the HARQ-ACK bits are concatenated for all configured CCs with the following order to form the HARQ-ACK sequences: 

· CC index>time index>CORESET index. 

Proposal 3: 

· UE only generates HARQ-ACK bits for the DCI formats with CRC scrambled by C-RNTI. 

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. 
The text proposal on TS 38.213 corresponding to proposal 2 and 3 is provided in Annex 1.  
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Annex 1: Text proposal for TS 38.213
	9.1.2
Type-1 HARQ-ACK codebook determination

If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static and, based on maximum and minimum slot timing values provided to a UE by higher layer parameter DL-data-DL-acknowledgement and on a number of possible slot timing values, the UE determines a number 
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 of PDCCH monitoring occasion(s) for PDCCH with DCI format 1_0 or DCI format 1_1 with CRC scrambled by a C-RNTI, for which the UE transmits a corresponding HARQ-ACK codebook in a same PUCCH or PUSCH. The determination for the number 
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 of PDCCH monitoring occasion(s) is based on the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot for each control resource set in the set of control resource sets configured to the UE as described in Subclause 10.1. For a serving cell and for a HARQ-ACK codebook determination, PDCCH monitoring occasions are indexed in an ascending order first in time and then in control resource set. 
……… 
If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, the UE shall determine 
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 HARQ-ACK information bits of a HARQ-ACK codebook for transmission in a PUCCH according to the following pseudo-code. In the following pseudo-code, if the UE does not receive a transport block or a CBG, due to the UE not detecting a corresponding PDCCH with DCI format 1_0 or DCI format 1_1 with CRC scrambled by a C-RNTI, the UE generates a NACK value for the transport block or the CBG. 
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 – PDCCH with DCI format 1_0 or DCI format 1_1 with CRC scrambled by a C-RNTI monitoring occasion index: lower index corresponds to earlier PDCCH with DCI format 1_0 or DCI format 1_1 with CRC scrambled by a C-RNTI monitoring occasion in the lower control resource set in the lower serving cell index where 
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 is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 with CRC scrambled by a C-RNTI
,
if HARQ-ACK-spatial-bundling-PUCCH = FALSE, CBG-DL = OFF, 
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 is a monitoring occasion for PDCCH with DCI format 1_1, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks on serving cell 
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 = HARQ-ACK bit corresponding to a first transport block of this cell;
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 = HARQ-ACK bit corresponding to a second transport block of this cell;
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elseif HARQ-ACK-spatial-bundling-PUCCH = TRUE, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in serving cell 
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 = binary AND operation of the HARQ-ACK bits corresponding to first and second transport blocks of this cell - if the UE receives one transport block, the UE assumes ACK for the second transport block;
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elseif CBG-DL = ON, and 
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 CBGs indicated by higher layer parameter CBGs-per-TB-DL for serving cell 
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