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1 Introduction
In RAN1#89, supporting cross-carrier scheduling and joint UCI feedback for CA with same or different numerologies on different carriers are agreed. The following agreements were made related to on scheduling and HARQ for Carrier Aggregation [1]:
· Support cross-carrier scheduling for aggregated carriers with the same and different numerology. 

· FFS: the timing relationship between DCI and the corresponding PDSCH/PUSCH

· FFS: impact on the maximum number of HARQ processes

· FFS: potential restrictions (e.g., on combination of different numerology)
· Support joint UCI feedback for aggregated carriers with the same or different numerology. 

· FFS: the timing relationship between PDSCH and the corresponding HARQ-ACK 

· FFS: impact on maximum number of HARQ process 

· FFS: potential restrictions (e.g., on combination of different numerology)
· Support one PUCCH in one cell group for NR DC/CA
· FFS: The carrier for PUCCH transmission can be configured within one cell group

· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)
In this contribution, cross-carrier scheduling and HARQ-ACK codebook size determination for CA with different numerologies are discussed. 
2 Discussion
In TS38.211, multiple numerologies are supported in NR [2].

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

	5
	480
	Normal


Meanwhile, RAN4 currently focuses on the subcarrier spacing values of 15, 30, and 60 kHz for below 6 GHz and 60 and 120 for above 6 GHz. Both 15 and 30 kHz are important subcarrier spacing values for below 6 GHz. And both 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. 

In LTE Rel-13 eCA, both dynamic HARQ-ACK codebook size determination and semi-static determination are supported. Dynamic HARQ-ACK codebook size determination is based on the counter DAI and total DAI. Semi-static HARQ-ACK codebook size determination is based on the number of configured carriers and the size of the bundle window in TDD system. RRC signaling is used to configure UE the concrete determination method. Meanwhile, the HARQ-ACK timing is fixed as n+4 in FDD or derived according to the UL subframe number and the TDD UL/DL configuration. 
In NR, dynamic HARQ-ACK feedback timing is supported. In detail, DCI is used to indicate to the UE the HARQ-ACK feedback timing offset value from a RRC configured set. Based on the indicated timing offset value, UE can derive the target UL slot for HARQ-ACK transmission. This mechanism allows transmitting joint HARQ-ACK feedback in one UCI corresponding to multiple PDSCHs by means of dynamically indicating the HARQ-ACK feedback timing to the target UL slot. 
Furthermore, in NR, a HARQ-ACK codebook needs to support multiple PDSCH transmissions with different TTI lengths and/or different durations in terms of OFDM symbols. Multiple CBGs of one PDSCH and multiple PDSCHs on multiple carriers also need to be considered. Therefore, the resulting HARQ-ACK codebook may include huge number of bits in some extreme cases. In order to accommodate so many bits in one HARQ-ACK codebook, the codebook size should be set to a large value. However, in practice, the number of scheduled PDSCHs may fluctuate in a large range. Sometimes, maybe a few PDSCHs within the bundle window are transmitted to the UE. Consequently, the semi-static or fixed HARQ-ACK codebook size may be not suitable because it may lead to excessive overhead in the HARQ-ACK codebook. Large HARQ-ACK codebook size needs high SINR or large resources in UCI transmission so that large UE transmit power is required to satisfy the UCI transmission reliability. Therefore, a dynamic HARQ-ACK codebook determination should be supported due to the benefit of adaptive codebook size. 
Proposal 1: For CA with different numerologies, dynamic HARQ-ACK codebook size determination is supported. 

Dynamic HARQ-ACK codebook determination can be based on Rel-13 LTE eCA operation using DAI. In LTE eCA, the dynamic HARQ-ACK codebook size can be adaptive according to the number of actual transmitted PDSCHs. The counter DAI and total DAI can reliably provide missing subframe detection. Therefore both DAIs avoids the misunderstanding and ensures the same HARQ-ACK codebook size in eNB and UE. In NR, Rel-13 LTE eCA with dynamic HARQ-ACK codebook size and counter DAI/total DAI can be the starting point for NR CA with multiple different numerologies. When UE is configured in CBG-base retransmission mode, the functionality of counter DAI and total DAI may need to be enhanced in NR with consideration of one HARQ-ACK bit per CBG [3, 5].
On the other hand, LTE Rel-13 eCA has only one 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 so as to provide the enough 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 1, slot n with 15 KHz subcarrier spacing is aligned with slot 2n with 30 KHz subcarrier spacing and slot 4n with 60 KHz subcarrier spacing. Meanwhile, slot n with 15 KHz subcarrier spacing has same duration with two slots (slot 2n, 2n+1) with 30 KHz subcarrier spacing and 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 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, 480KHz. Because up to six numerologies are supported in NR, at most 6 carrier groups are formed. One example is shown in Figure 1.

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 bundle window size is defined in terms of the reference slot.  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 within the bundle window. In this way, UE can detect the missing slot if the error happens.
Proposal 2: For CA with different numerologies, aggregated carriers are grouped based on the numerology. 


[image: image3]
Figure 1: Carrier grouping based on same numerology
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) scheduling 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 a first case, one slot on scheduling carrier with smaller subcarrier spacing value schedules multiple slots on 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. 

[image: image4]
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, one slot with smaller subcarrier spacing value corresponds to 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 3: For CA with different numerologies, multi-slot scheduling is supported for one DCI on scheduling carrier with smaller subcarrier spacing value to schedule multiple slots on scheduled carrier with larger subcarrier spacing value. 

3 Conclusion

In this contribution, we focus on the open issue discussion on cross-carrier scheduling and HARQ-ACK codebook size determination for CA with different numerologies. 
Based on the above analysis in Section 2, we have below proposals:
Proposal 1: For CA with different numerologies, dynamic HARQ-ACK codebook size determination is supported. 

Proposal 2: For CA with different numerologies, aggregated carriers are grouped based on same numerology. 

Proposal 3: For CA with different numerologies, multi-slot scheduling is supported for one DCI on scheduling carrier with smaller subcarrier spacing value to schedule multiple slots on scheduled carrier with larger subcarrier spacing value. 
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