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[bookmark: _Ref129681832]Contiguous data transmission was proposed for cross-carrier scheduling with different numerologies work item [1]. In this contribution, we investigate different options in support of this mechanism. 
Discussion and Evaluation
Cross-carrier scheduling
In R15, the number of unicast DCIs scheduling PDSCH per scheduled carrier per slot is based on UE capability [2]. Limited number of DCIs in one slot is allowed as a tradeoff between scheduling flexibility and UE complexity. For cross-carrier scheduling with same numerology, this does not lead to obvious issue or performance limitation, however it may become restrictive for the different numerologies case, e.g., a scheduling carrier with low SCS in one slot scheduling multiple slots on the high SCS carrier for the same time duration. There can be three scheduling schemes for addressing this issue:
· Option 1: Single-slot scheduling
This is the most direct way to keep the same scheduling flexibility. However it on the other hand significantly increase UE processing complexity as for low SCS scheduling high SCS case, the number of valid DCIs monitored in the scheduling carrier would be linearly increased.
· Option 2: Multi-slot scheduling with different TBs per slot 
To avoid many DCIs transmission for cross-carrier scheduling, multi-slot scheduling with different TBs per slot can be considered. Multi-slot scheduling is already supported in LTE LAA and the corresponding functionalities provide a baseline for also supporting it in NR. Format 0B and format 4B in LTE are used for the scheduling of multiple subframes, and the field Number of scheduled subframes can indicate the number of scheduled subframes dynamically. For each scheduled subframe, there is one TB scheduled and corresponding HARQ process, NDI and RV indication is mapped to that TB/subframe. To reduce the DCI size, some indications are the same for all the scheduled TBs, e.g. MCS, resource allocation. 
· Option 3: Multi-slot scheduling with one TB across multiple slots
A DCI scheduling a TB across multiple slots can also achieve the benefit of reduced DCI overhead. One TB is mapped across the multiple scheduled slots, and it requires only one HARQ process and corresponding NDI and RV indication. For flexible multi-slot transmission, DCI can dynamically indicate the number of scheduled slots. By CBG-based retransmission, if smaller number of CBGs need to be retransmitted, DCI can schedule smaller number of slots to improve the resource utilization. Compared with option 2, option 3 has the following merits:
· Less HARQ processes needed for consecutive transmission. More specifically, one TB is associated with only one HARQ process but across multiple slots. In case of cross-carrier scheduling, the HARQ process number may not satisfy the scheduling requirements. For example, as shown in the Figure 1, assume that the maximum HARQ process number is 16 with slot configuration 4:1 for both high frequency and low frequency carrier, and the SCS configuration is 30 kHz for scheduling carrier and 120 kHz for scheduled carrier. Also, PDSCH processing time of 2 slots for scheduled carrier, and the gNB PUCCH processing time of 2 slots of scheduling carrier is assumed. As the scheduling and scheduled carriers are in one cell group, and PUCCH is only transmitted in the low frequency carrier in cross-carrier scheduling, due to the gNB PUCCH processing delay and large SCS difference between scheduling and scheduled carriers, some slots in the 120 kHz carrier cannot be scheduled due to lack of available HARQ process, leading to reduced UE peak throughput. For the other downlink dominant slot configurations, the same issue can happen, e.g. 4:1 for low frequency carrier and 8:2 for high frequency carrier. Another alternative to solve this issue is to increase the HARQ process number, e.g. 16 to 32. However, the processing and HARQ buffer management can be much complicated. 
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[bookmark: _Ref4679704]Figure 1 30 kHz SCS cross-carrier schedules 120 kHz SCS
· Lower MAC/CRC overhead. Each scheduled TB has MAC header and CRC. Assuming M bits header and CRC for option 3, then the header and CRC for option 1 and option 2 should be M*N bits.
· Coding gain. With LDPC codes, the link performance could improve with larger information size. 
Observation 1: For cases of lower-SCS cell scheduling higher-SCS cell, the number of HARQ processes is not enough to support contiguous data transmission in the higher-SCS scheduled cell.
Evaluation results
A system level simulation for the peak throughput in the scheduled carrier is evaluated in this section. The detailed simulation assumption can be found in the Appendix-A. 
As shown in Figure 2, option 1 and 2 has the same performance due to the same time/frequency resources in scheduled carrier, however option 1 will obviously require more DCI overhead, which is not reflected in this result. For option 3, since all slots can be scheduled, 54% peak throughput gain is achieved.

[bookmark: _Ref4679961]		Figure 2 UE peak throughput in scheduled carrier of option 1/2/3 
Proposal 1: For contiguous data transmission with cross-carrier scheduling with different numerologies, single DCI scheduling one TB across multiple slots is supported.

Conclusions
According to the above analysis and evaluations, we have
Observation 1: For cases of lower-SCS cell scheduling higher-SCS cell, the number of HARQ processes is not enough to support contiguous data transmission in the higher-SCS scheduled cell.
Proposal 1: For contiguous data transmission with cross-carrier scheduling with different numerologies, single DCI scheduling one TB across multiple slots is supported.
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Appendix-A: system level simulation assumption
	[bookmark: _GoBack]Carrier and SCS
	3.5 GHz: 30 kHz (scheduling)
28  GHz: 120 kHz (scheduled)

	System Bandwidth
	3.5 GHz: 50 MHz
28  GHz: 100 MHz

	UE speed
	3km/h

	Channel model
	CDL-B

	Delay spread
	30ns

	HARQ process number
	16

	TDD configuration
	4:1

	PDSCH processing time
	2 slots with 120 kHz SCS

	gNB PUCCH processing time
	2 slots with 30 kHz SCS

	Maximum transmission times
	4

	Traffic model
	Full buffer
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