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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#96bis meeting [1] and email discussion [2], the following alternatives were identified:
· Alt 1: Single-slot scheduling with increased number of valid unicast DCIs per PDCCH monitoring occasion
· FFS: number of valid DCIs
· Alt 2: Single-slot scheduling and capability FG 3-5/3-5b
· Note: When deriving the number of scheduling opportunities based on the number of slots in the scheduled cell overlapping one scheduling cell slot.
· Alt 3: Multi-slot scheduling with different TB per slot  
· Alt 4: Multi-slot scheduling with one TB across multiple slots 

In this contribution, the detailed analysis for multi-slot scheduling and specification impact are further discussed.
[bookmark: _Ref129681832]Multi-slot scheduling in LTE LAA and NR-U
It was proposed in the last RAN1 meeting that one DCI scheduling multi-slot as agreed in NR-U or specified for LTE LAA can be used for cross-carrier scheduling. It should be noted that in LTE LAA and NR-U, the discussion of multi-slot scheduling is only considered in uplink. And only UL DCI design is involved. The UL DCI design in NR-U is still under discussion. The contiguous data transmission with cross-carrier scheduling discussed here including both downlink and uplink. And the motivation of support multi-slot scheduling in CA is different from that discussed in LAA and/or NR-U. For example, for the purpose of reducing the DCI overhead and increasing the throughput as desired in CA for a typical scenario of lower SCS PDCCH scheduling higher SCS PDSCH. Downlink scheduling related issues/objectives and DCI design require a separate discussion from the introduction of multi-slot scheduling in LTE LAA or NR-U mechanisms. 
Observation 1: The multi-slot scheduling in LTE LAA and NR-U consider only uplink transmission. The mechanisms in LTE LAA or NR-U cannot be easily adapted to downlink contiguous data transmission for cross-carrier scheduling with different numerologies due to different design targets and motivations.
Specification impact for Alt 4
[image: ]
[bookmark: _Ref4086577]Figure 1 multi-slot scheduling with one TB across multiple slots
The principle of Alt 4 can be illustrated in Figure 1. Downlink multi-slot scheduling is prioritized in the following discussion:
General parameters need to be indicated:
For the maximum number of slots that one DCI can schedule and indication of the number of slots that one DCI schedules, similar RRC configuration for slot aggregation can be reused. Minor RRC configuration impact is needed.

TBS/MCS:
In current specification, TBS is determined in a formula manner for relatively large TB within a slot. It can be simply scaled by the number of slots or the scaling factor. If multi-slot scheduling is used for UE at cell edge with poor channel condition thus limited MCS can be used, only low MCS level (e.g. 16QAM or QPSK) is practical and no new TBS is required.

CBGs across slots: 


[bookmark: _Ref7220376]Figure 2 CBG determination in current specification
Configurable/optional function if needed for e.g. cell-centric UEs. The number of CBGs determination for a TB and how to construct each CBG can start from Rel-15 specification with modifications. For example, the configuration for the number of slots that one DCI schedules should match the number of CBGs for a TB, e.g. as an integer multiple of the number of slots. Then integer number of CBGs can be transmitted in a slot. Taking Figure 2 as an example, 4 CBGs are derived according to maxCodeBlockGroupsPerTransportBlock configuration, N=4. Then 2 or 4 slots can be configured to be scheduled with one DCI. If 2 slots are configured, 2 CBGs would be transmitted within a slot. The 4-bit CBGTI field in DCI can be seen as the indication which CBGs of the TB are present in all slots transmission scheduled with one DCI. The first 2-bit of CBGTI indicates which CBGs of the TB are present in the first slot while the last 2-bit of CBGTI indicates which CBGs of the TB are present in the second slot. If the CBGFI field of the scheduling DCI is present based on codeBlockGroupFlushIndicator configuration, CBGFI set to '0' indicates that the earlier received instances of the same CBGs being transmitted may be corrupted in all the slots scheduled with one DCI, and CBGFI set to '1' indicates that the CBGs being retransmitted are combinable with the earlier received instances of the same CBGs in all the slots scheduled with one DCI.

DCI design:
With the unified time-domain/frequency-domain resource allocation and MCS within each slot of the multi-slot scheduling, the DCI design can be the same as the current single slot scheduling. Regardless of whether the maximum TBS size is scaled or not, no new MCS table has to be introduced.

HARQ-ACK codebook:

For Alt 4, only one PDSCH is transmitted on multi-slot scheduling. For semi-static HARQ-ACK codebook, the definition of K1 for multi-slot transmission just as K1 definition for slot aggregation, which is from the PDSCH reception ending slot  to the slot of HARQ-ACK feedback. For dynamic HARQ-ACK codebook, only one counter-DAI and/or total-DAI in DL DCI is needed. No impact on HARQ-ACK codebook generation.

Physical channel processing:
Possible impact on scrambling procedure due to input code word length and the length of scrambling sequence mismatching, when CBG based processing is configured. This would probably result in most implementation change compared to other functions as the scrambling is expected to be performed per CBG rather than per TB. However the specification impact for this change can be acceptable, for which the formulae in TS38.211 needs to be updated for this operation, as a configurable case. 

In summary, Table 1 provides the potential specification impact for Alt 4.
Table 1  specification impact analysis for Alt 4
	Item
	Details
	Specification impact

	General parameters need to be indicated
	Maximum number of slots that one DCI can schedule
	Minor RRC configuration impact 


	
	Indication of the number of slots that one DCI schedules
	Minor RRC configuration impact

	TBS/MCS
	TB size determination
	Minor impact or simple scaling as already used in current TBS determination

	CBGs in slots
	How to make multi-slot scheduling be compatible with CBG-based transmission, e.g., how to interpret CBGTI and CBGFI field in scheduling DCI
	Minor impact

	DCI design
	Time-domain resource allocation in each slot
	Depending on the flexibility and specification impact trade-off, can be minor or no obvious change, or at least the same level of change compared to Alt 3.

	
	frequency-domain resource allocation in each slot
	

	
	MCS 
	

	
	Other fields in DL DCI
	

	HARQ-ACK codebook
	semi-static HARQ-ACK codebook 
	Minor impact

	
	dynamic HARQ-ACK codebook
	Minor impact

	Channel processing
	PHY processing can be CBG based, if configured
	Moderate



Observation 2: The overall specification impact can be moderate, or acceptable for Alt 4, considering the benefits it provides.

For Alt 3, separate TB per slot is transmitted. New DCI design for slot-specific NDI, RV and CBGTI for separate TB would be expected. For semi-static HARQ-ACK codebook, different PDSCH slot can corresponding to different value of K1. Whether or how to indicate K1 for each PDSCH in multi-slot scheduling is not clear. For dynamic HARQ-ACK codebook, only one DCI within a PDCCH monitoring occasion corresponds to different PDSCHs. How the counter-DAI and total-DAI is counted for different PDSCH also requires further discussion. If CBG operation is configured, which is likely as the TB could be large in higher SCS, further specification work can be foreseen for HARQ codebook generation. 
Conclusions
According to the above discussions, we have the following observations:
Observation 1: The multi-slot scheduling in LTE LAA and NR-U consider only uplink transmission. The mechanisms in LTE LAA or NR-U cannot be easily adapted to downlink contiguous data transmission for cross-carrier scheduling with different numerologies due to different design targets and motivations.
Observation 2: The overall specification impact can be moderate, or acceptable for Alt 4, considering the benefits it provides.
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Appendix A. Determination of the number of CBGs for a TB and each CBG construction in current specification
If a UE is configured to receive code block group (CBG) based transmissions by receiving the higher layer parameter codeBlockGroupTransmission for PDSCH, the UE shall determine the number of CBGs for a transport block reception as 

	,
where N is the maximum number of CBGs per transport block as configured by maxCodeBlockGroupsPerTransportBlock for PDSCH, and C is the number of code blocks in the transport block according to the procedure defined in Subclause 7.2.3 of [5, TS 38.212].



Define , , and .





If , CBG m, , consists of code blocks with indices . CBG m, , consists of code blocks with indices .
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