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1 Introduction
This contribution is a revision of R1-1804208.

In RAN1#92 meeting, regarding NR CA, the related agreements are made as follows [1]:

Conclusion:

· It is confirmed that when a UE is configured with semi-static HARQ-ACK codebook, the HARQ association set is determined based on the semi-static (via RMSI/UE-specific) UL/DL configurations for PDSCH occasions in addition to HARQ-ACK in response to SPS release

· This is already reflected in the current specs

Agreements:

· Confirm WA from RAN1#92 with the following update

· When a UE is configured with semi-static HARQ-ACK Codebook, on a per cell basis:
· If the UE indicates capability to receive more than one unicast PDSCH per slot, it assumes a max number of non-overlapping candidate unicast PDSCH occasions per slot as determined by the SLIV in the configured pdsch-symbolAllocation table. 
· Otherwise, the UE is expected to receive only one unicast PDSCH per slot, and HARQ-ACK association set assumes one unicast PDSCH per slot
· The UE is not expected to receive SPS PDSCH release and unicast PDSCH in a same slot
· Handling HARQ-ACK for PDCCH for SPS release follows the same way as in LTE
Agreements:

· For unpaired spectrum and DL/UL BWP switching 

· UE does not transmit HARQ-ACK for PDSCH reception(s) on the DL BWP prior to DL/UL BWP switching
In this contribution, we focus on the open issues of cross-carrier scheduling and multi-slot scheduling in case of different numerologies on different carriers within same PUCCH cell group and present our views. 
2 Discussion
For DL slot aggregation, one TB is transmitted repeatedly in multiple slots defined by high layer parameter aggregationFactorDL with candidate value in the set of {2, 4, 8}. In detail, when UE is configured with aggregationFactorDL > 1, the TB is transmitted in same symbol allocation across the aggregationFactorDL consecutive slots. UE may expect that the TB is repeated and limited to a single transmission layer.
For semi-static HARQ-ACK codebook, within a DL association set, the candidate PDSCH occasions are determined based on 
· set of K1, 
· PDSCH symbol allocation table in time domain, 
· semi-static UL/DL configuration.
When UE is configured with semi-static HARQ-ACK codebook and DL slot aggregation, it is not clear how UE determines the semi-static HARQ-ACK codebook. As shown in Figure 1, assuming the set of K1 is {1,2,3,4,5,6,7,8}, for semi-static HARQ-ACK codebook transmitted in slot 8, the corresponding downlink association set includes slot 0,1,2,3,4,5,6 and 7. Assuming TB1 is repeated in slot 0, 1, 2 and 3 and TB2 is repeated in slot 4, 5, 6 and 7, the most straightforward solution is to map the HARQ-ACK bit for each DPSCH occasion regardless of  the configuration of DL slot aggregation. Although this may lead to unnecessary HARQ-ACK payload, this solution has no any spec change and guarantee same HARQ-ACK payload size.
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Figure 1: DL slot aggregation for HARQ-ACK codebook determination
Proposal 1: For DL slot aggregation, each PDSCH occasion within the aggregated slots of one TB is individually mapped a HARQ-ACK bit in semi-static HARQ-ACK codebook.
In TS38.211, multiple numerologies are supported in NR [3].

4.1
OFDM numerologies

Multiple OFDM numerologies are supported as given by Table 4.1-1. 

Table 4.1-1: Supported transmission numerologies.
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	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal

	4
	240
	Normal


Meanwhile, RAN4 has already agreed that the subcarrier spacing values of 15, 30, and 60 kHz are used for spectrum below 6 GHz and the subcarrier spacing values of 60 and 120 KHz are used for spectrum above 6 GHz [4, 5]. Furthermore, 15 and 30 kHz are important subcarrier spacing values for below 6 GHz, while 60 and 120 kHz are important for above 6 GHz. To enable carrier aggregation across below 6 GHz and above 6 GHz, carrier aggregation with different subcarrier spacing values among 15, 30, 60, and 120 kHz needs to be supported. 
Regarding cross-carrier scheduling with different numerologies between scheduling cell and scheduled cell, the main motivation is to use PDCCH on the low frequency band (typically with smaller subcarrier spacing) to schedule the PDSCH transmission on high frequency band (with typically large subcarrier spacing).

Based on the current RAN4 agreements, the slot length is band-dependent/configurable. Therefore, RAN1 specification has to support two cases of cross-carrier scheduling. In the first case, a slot in the scheduling carrier with smaller subcarrier spacing value schedules multiple slots in the scheduled carrier with larger subcarrier spacing value. The first case is shown in Figure 2 as one example. In a second case, multiple slots on scheduling carrier with larger subcarrier spacing value can schedule only one slot on scheduled carrier with smaller subcarrier spacing value. The second case is shown in Figure 3 as one example. In the second case, each of the multiple slots on scheduling carrier can have the possibility to schedule only one slot in scheduled carrier. 
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Figure 2: One slot on scheduling carrier with smaller subcarrier spacing value schedules multiple slots on scheduled carrier with larger subcarrier spacing value
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Figure 3: Each of the multiple slots on scheduling carrier can have the possibility to schedule only one slot on scheduled carrier
For the former scheduling, a slot with smaller subcarrier spacing value overlap with multiple slots with larger subcarrier spacing value, e.g. one slot with 15 kHz subcarrier spacing equals to eight slots with 120 kHz subcarrier spacing. So, a baseline scheduling is to use multi-slot scheduling, which can avoid the necessity to transmit eight separate PDCCHs in 15KHz subcarrier spacing for scheduling the eight PDSCHs in 120KHz subcarrier spacing. It is noted that LTE Rel-14 eLAA has supported multi-subframe scheduling on unlicensed carrier. In detail, one UL grant can schedule maximum 4 subframes. It does make sense to support multi-slot scheduling in NR.
Proposal 2: For NR CA, multi-slot scheduling is supported for one DCI in scheduling carrier to schedule multiple slots in scheduled carrier.
LTE Rel-13 eCA has a fixed numerology, i.e., all the aggregated carriers have same subcarrier spacing value of 15 KHz and same TTI duration (1 ms). Moreover, PDCCHs transmitted on all the aggregated carriers are aligned in subframe boundary. In a subframe where multiple PDCCHs are transmitted, all the PDCCHs contain the same total DAI value to provide redundancy. In this way, even if UE misses some PDCCHs, it can still obtain the total DAI value from other received PDCCHs. After all, the probability of missing multiple consecutive PDCCH transmissions is quite low. In addition, in Rel-13 LTE eCA, the total DAI and counter DAI are updated from subframe to subframe within same bundle window. With aligned subframe boundary, both DAIs can be incremented orderly in time domain.
For NR CA, the aggregated carriers may have different slot durations and different slot indices. As shown in Figure 3, slot n with 15 KHz subcarrier spacing is aligned with slot 4n with 60 KHz subcarrier spacing. Meanwhile, slot n with 15 KHz subcarrier spacing has same duration with four slots (slot 4n, 4n+1, 4n+2, 4n+3) with 60 KHz subcarrier spacing. When HARQ feedback for multiple DL carriers configured with different numerologies needs to be included in the same HARQ codebook, dynamic HARQ-ACK codebook size still needs both DAIs for UE to reliably detect missing slots. However, due to unaligned slot boundary for aggregated carriers with different subcarrier spacing values, it is difficult to design total DAI and counter DAI and update the two values slot by slot within the same bundle window. 
In order to align the slot boundary, based on the numerology, the aggregated carriers can be grouped based on subcarrier spacing values to several carrier groups. Each carrier group has a unique numerology. The carriers in each carrier group are ordered increasingly in serving cell index. Then the formed carrier groups can be ordered from the lower subcarrier spacing value to a higher subcarrier spacing value, i.e., from 15KHz, 30KHz, 60KHz, 120KHz, 240KHz. Because up to two numerologies are supported in NR Rel-15, at most 2 carrier groups are formed. One example is shown in Figure 3.

Furthermore, a reference slot can be defined based on the numerology of the first carrier group, i.e., the carrier group with smallest subcarrier spacing value and longest slot duration. Then the value of counter DAI and total DAI can be updated first in increasing order of the carrier group, then in increasing order of serving cell index within the carrier group, then in increasing order of slot index. In this way, UE can detect the missing slot if the error happens.
Proposal 3: For NR CA, aggregated carriers are grouped based on numerology. 
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Figure 3: Carrier grouping based on same numerology
During the discussion on the scenario where PDSCH and PUCCH have different numerologies, , RAN1 has already agreed that the numerology of PUCCH channel is used as the reference numerology for determining HARQ-ACK feedback timing offset. This agreement is also applicable for aggregated carriers with different numerologies and within same PUCCH group.
For semi-static HARQ-ACK codebook determination for CA with different numerologies, the RRC configured sets of PDSCH-to-HARQ-ACK timing values may be different for different numerologies due to the different slot duration. In that sense, it is simple to determine the DL association sets per DL carrier. There is no clear difference on semi-static HARQ-ACK codebook determination between CA with same numerology and CA with different numerologies.
For dynamic HARQ-ACK codebook determination for CA with different numerologies, only HARQ-ACK for scheduled PDSCHs is included in the dynamic HARQ-ACK codebook. With the help of counter DAI, HARQ-ACK bits can be ordered; with the help of total DAI, HARQ-ACK codebook size is known between gNB and UE. There is no clear difference on semi-static HARQ-ACK codebook determination between CA with same numerology and CA with different numerologies.
Observation 1: For NR CA with different numerologies, current mechanism on HARQ-ACK codebook determination for CA with same numerologies can be reused for CA with different numerologies. 

3 Conclusion

In this contribution, we focus on the open issues of cross-carrier scheduling and multi-slot scheduling in case of different numerologies on different carriers within same PUCCH cell group. 
Based on the above analysis in Section 2, we have below proposals and observations:
Proposal 1: For DL slot aggregation, each PDSCH occasion within the aggregated slots of one TB is individually mapped a HARQ-ACK bit in semi-static HARQ-ACK codebook.
Proposal 2: For NR CA, multi-slot scheduling is supported for one DCI on scheduling carrier to schedule multiple slots on scheduled carrier. 

Proposal 3: For NR CA, aggregated carriers are grouped based on numerology. 

Observation 1: For NR CA with different numerologies, current mechanism on HARQ-ACK codebook determination for CA with same numerologies can be reused for CA with different numerologies. 
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