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1. Introduction
This contribution discusses whether or how to support parallel DL receptions if both eMBB and URLLC services are provide to a UE, and how to support URLLC services by using the current mechanism. 

2. DL/UL scheduling for URLLC data
Considering latency requirements in URLLC, it is expected that multiple PDCCH monitoring occasions and multiple candidates of PDSCH occasions or PUSCH occasion will exist in a slot. For instance, monitoring period is set to be one slot and monitoring symbols within a slot are set to be all the symbols with even index within a slot as shown in Figure 1. Since the number of BD attempts is defined per slot, the number of PDCCH candidates for each monitoring occasions could be highly limited. 
[image: ]
Figure 1: Example of PDCCH monitoring occasions for URLLC services.
Next, on time-domain resource assignment in the current specification, the slot containing PDSCH or PUSCH will be determined first, and then for a given slot, it is given that the starting symbol with respect to the slot boundary and the number of consecutive symbols for PDSCH or PUSCH allocation. In this case, to support multiple PDSCH or PUSCH occasions within a slot, pusch-AllocationList or pdsch-AllocationList needs to be configured to have all the possible set of K0, K2, SLIV, PDSCH mapping type, or PUSCH mapping type. For example, if PDSCH allocation consists of 2 symbols, pdsch-AllocationList can be configured as follows:
Table 1: Example of pdsch-AllocationList for URLLC-PDSCH
	Row index
	K0
	S
	L
	PDSCH mapping type

	1
	0
	0
	2
	Type B

	2
	0
	2
	2
	Type B

	3
	0
	4
	2
	Type B

	4
	0
	6
	2
	Type B

	5
	0
	8
	2
	Type B

	6
	0
	10
	2
	Type B

	7
	0
	12
	2
	Type B


In case of PUSCH, it would be necessary to have gap between PDCCH and PUSCH considering TA, processing time. For instance, if the gap is set to be 8 symbols, and PUSCH allocation consists of 2 symbols, pusch-AllocationList can be configured as follows: 
Table 2: Example of pdsch-AllocationList for URLLC-PUSCH
	Row index
	K2
	S
	L
	PUSCH mapping type

	1
	0
	8
	2
	Type B

	2
	0
	10
	2
	Type B

	3
	0
	12
	2
	Type B

	4
	1
	0
	2
	Type B

	5
	1
	2
	2
	Type B

	6
	1
	4
	2
	Type B

	7
	1
	6
	2
	Type B


Depending on PDCCH occasion, some rows of time-domain resource assignment would not be feasible considering processing time. For instance, when UE receives PDCCH transmitted in 13th symbol, UE cannot transmit PUSCH for row index 1-6 in Table 2. Even for the PDSCH transmission, it would be inefficient in terms of latency to allow the large value of the gap between PDCCH and PDSCH. In other words, the bitwidth for time-domain resource assignment will be unnecessarily high for URLLC data. In short, the current mechanism can works for URLLC services, but it seems inefficient. Furthermore, since pusch-AllocationList or pdsch-AllocationList is configured UE-specifically per bandwidth part, the bitwidth for the time-domain resource assignment could increase further to support parallel reception of eMBB data and URLLC data. To be specific, pusch-AllocationList or pdsch-AllocationList needs to be configured to contain both the time-domain resource allocations for eMBB data and the time-domain resource allocations for URLLC. 
Observation 1: The current DL/UL scheduling mechanism such as time-domain RA can work for URLLC services, but it is inefficient in terms of DCI overhead and scheduling flexibility on PDCCH transmission.
Observation 2: To support both eMBB and URLLC for a UE, the time-domain resource allocation list will be inefficiently configured. 
For URLLC, if the starting symbol index is defined with respect to the corresponding PDCCH occasion (such as the starting or ending symbol index of PDCCH scheduling PDSCH or PUSCH), the bitwidth of the time-domain resource assignment could be efficiently reduced. If X is defined as the starting symbol index of the PDCCH used for PDSCH or PUSCH scheduling, all the rows of Table 1 can be expressed as S=X, L=2, Type B. In this case, K0 is ignored. In a similar manner, all the rows of Table 2 can be replaced to S=X+8, L=2, Type B, and K2 is ignored. 
Proposal 1: To minimize DCI overhead, different time-domain resource entries/interpretation from eMBB time-domain resource table is used for URLLC. 

3. HARQ-ACK feedback for URLLC data
The HARQ-ACK feedback timing for PDSCH is given by slot where PDSCH transmission ends and K1 indicated by DCI scheduling PDSCH and PUCCH resource indicated by DCI. To be specific, in the current specification, the slot containing PUCCH will be determined first, and then for a given slot, the starting symbol will be given by selected PUCCH resource. However, in case of URLLC, the gap between the ending symbol of PDSCH transmission and the beginning symbol of HARQ-ACK feedback will be less than a slot duration. Therefore, depending on the PDCCH occasion, the slot index where HARQ-ACK feedback is transmitted will be changed even though the gap value is constant. For instance, if the gap between the ending symbol of PDSCH transmission and the beginning symbol of HARQ-ACK feedback is 8 symbols, then the values of K1 would be 0 or 1, and the PUCCH resource to be indicated by DCI can be given by following table:
Table 3: Example of PUCCH resource configuration for URLLC
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset
	CS index set

	0
	
	8
	2
	
	

	1
	
	10
	2
	
	

	2
	
	12
	2
	
	

	3
	
	0
	2
	
	

	4
	
	2
	2
	
	

	5
	
	4
	2
	
	

	6
	
	6
	2
	
	


In this case, the possible combinations of K1 and PUCCH resource can include at least {K1=0, PUCCH resource index 0}, {K1=0, PUCCH resource index 1}, {K1=0, PUCCH resource index 2}, {K1=1, PUCCH resource index 3}, {K1=1, PUCCH resource index 4}, {K1=1, PUCCH resource index 5}, and {K1=1, PUCCH resource index 6}. Considering processing time and latency requirements of URLLC, all the combination of K1 and PUCCH resource indicator does not need to be supported. 
For URLLC, if the starting symbol of the HARQ-ACK feedback is given by only K1, and if K1 is defined as the number of symbols between the ending symbol of PDSCH and the beginning of the HARQ-ACK feedback, then the bitfield for K1 and PUCCH resource indicator could be efficiently used. For instance, if K1 is redesigned for URLLC as mentioned earlier, all the index in Table 3 will be replaced to a single state whose number of symbols is two. In this case, the first symbol in the table will be ignored. Alternatively, it can be considered that the combination of K1 and PUCCH resource is jointly indicated by a single bitfield in DCI scheduling PDSCH. Another approach is that K1 is ignored and the first symbol of PUCCH resource is defined with respect to the ending symbol of the corresponding PDSCH. 
On the HARQ-ACK codebook determination, for a given slot where PUCCH is transmitted, the same HARQ-ACK codebook and its size will be used regardless of the first symbol of PUCCH resource. Furthermore, according to the current specification, UE can transmit HARQ-ACK feedback once per slot. However, in case of URLLC, it would be beneficial in terms of latency and PUCCH detection performance to allow more than one HARQ-ACK feedback instance within a slot, and each PUCCH timing instance can have different HARQ-ACK codebook. Otherwise, UE may need to wait to transmit HARQ-ACK feedback, and it will cause latency problem. In addition, when semi-static HARQ-ACK codebook is configured, current HARQ-ACK codebook size is determined based on downlink association set regardless of HARQ-ACK processing time. This impact may not be severe in slot-based scheduling as appropriate downlink association set can be configured. For URLLC, this approach alone may not be efficient as the configuration may increase latency. For instance, according to Table 1 and K1 ={0, 1}, semi-static HARQ-ACK codebook size is set to be 14 bits. 
For URLLC, it can be considered that HARQ-ACK codebook is determined for each starting symbol index of PUCCH resource. For instance if K1 is defined as 8 or 10 symbols to indicate the gap between the ending symbol of PDSCH and the starting symbol of HARQ-ACK feedback, HARQ-ACK codebook size for each PUCCH transmission timing within a slot is 2 bits. 
Observation 3: The current HARQ-ACK feedback mechanism such as HARQ-ACK feedback timing and HARQ-ACK codebook determination can work for URLLC services, but it is inefficient in terms of DCI overhead and PUCCH detection performance.
Proposal 2: RAN1 nedds to study whether or how to enhance HARQ-ACK feedback mechanism such as HARQ-ACK feedback timing and HARQ-ACK codebook determination to support URLLC services efficiently. 
If both eMBB and URLLC data are supported for a UE, it is necessary to investigate whether or how to support simultaneous transmission of HARQ-ACK feedback for eMBB and URLLC. 

4. Parallel DL reception for eMBB and URLLC data
If both eMBB and URLLC are supported for a UE, UE may need to decode URLLC PDSCH first even through the starting symbol of URLLC PDSCH is later than eMBB PDSCH. However, to support this kind of UE behaviour, it is necessary to define how to distinguish eMBB and URLLC data in RAN1 perspective. As in our companion contribution [1], it can be considered that eMBB and URLLC use different RNTI or different CRC masking for PDCCH scheduling PDSCH. On UE PDSCH procedure time, if UE receives both eMBB PDSCH and URLLC PDSCH in parallel, UE will stop decoding eMBB PDSCH to start decoding URLLC PDSCH. After decoding URLLC PDSCH, UE will continue to decode eMBB PDSCH. In this case, it is necessary to introduce additional margin for UE procedure time for eMBB PDSCH. The value of additional margin needs to be consider how many symbols are allocated for URLLC PDSCH, and whether the ending symbol of URLLC PDSCH is earlier or later than the ending symbol of eMBB PDSCH. For instance, considering the URLLC PDSCH is mapping type B, the additional margin for UE eMBB PDSCH procedure time can be expressed by

where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH for URLLC, and x is the subtraction of the ending symbol index of the URLLC PDSCH from the ending symbol index of the eMBB PDSCH. 
Proposal 3: If parallel DL reception for eMBB and URLLC data is supported, UE PDSCH procedure time for eMBB data include the additional margin considering how many symbols are allocated for URLLC PDSCH, and whether the ending symbol of URLLC PDSCH is earlier or later than the ending symbol of eMBB PDSCH.

5. Conclusion
In this contribution, we discuss URLLC aspects on DL/UL scheduling. Our proposals are as follows:
Observation 1: The current DL/UL scheduling mechanism such as time-domain RA can work for URLLC services, but it is inefficient in terms of DCI overhead and scheduling flexibility on PDCCH transmission.
Observation 2: To support both eMBB and URLLC for a UE, the time-domain resource allocation list will be inefficiently configured. 
Observation 3: The current HARQ-ACK feedback mechanism such as HARQ-ACK feedback timing and HARQ-ACK codebook determination can work for URLLC services, but it is inefficient in terms of DCI overhead and PUCCH detection performance.
Proposal 1: To minimize DCI overhead, different time-domain resource entries/interpretation from eMBB time-domain resource table is used for URLLC. 
Proposal 2: RAN1 nedds to study whether or how to enhance HARQ-ACK feedback mechanism such as HARQ-ACK feedback timing and HARQ-ACK codebook determination to support URLLC services efficiently. 
[bookmark: _GoBack]Proposal 3: If parallel DL reception for eMBB and URLLC data is supported, UE PDSCH procedure time for eMBB data include the additional margin considering how many symbols are allocated for URLLC PDSCH, and whether the ending symbol of URLLC PDSCH is earlier or later than the ending symbol of eMBB PDSCH.
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