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1. Introduction
[bookmark: OLE_LINK11]According to the new SID on physical layer enhancements for NR URLLC [1], compact DCI is one scheme of potential PDCCH enhancements. In this contribution, we mainly focus on resource allocation field in the compact DCI.
2. Frequency domain Resource Allocation





Type 1 resource allocation is approved in fallback DCI and Frequency domain Resource Allocation (FRA) granularity is one PRB. Like LTE short TTI/URLLC, can be introduced in resource allocation with larger size and the payload size of FRA can be reduced. Because fewer symbols are used in time domain, large frequency resources are usually occupied by NR URLLC traffic which is also suitable for LTE URLLC. If both starting position and resource allocation granularity are increased to, the scheduling flexibility may be restricted. URLLC and eMBB cannot be multiplexed flexibly in that the DL assignment/UL grant for URLLC is mostly later than that for eMBB in the same slot. As shown in Figure 1,  = 8 PRBs are assumed for both starting position and resource allocation granularity. Some remaining PRBs left by the eMBB cannot be used by URLLC and are wasted. To solve the problem, one method is using preemption, but it is a optional feature for DL and undecided for UL. Another method is slight modification of Type 1 resource allocation. That is, only the resource allocation granularity is increased to  while the starting position of allocated resource for URLLC is still based on one PRB. According to the proposed method, more remaining PRBs can be allocated to URLLC by adjusting the starting position of resource allocation, as shown in Figure 2. RBG are already defined in specification.  for Type 1 can be 1 [or 2, 3 times of] RBG size as defined for Type 0.
[image: ]
Figure 1: The remaining resources cannot be allocated based on increased starting position granularity
[image: ]
Figure 2: The remaining resources can be allocated with PRB based starting position
Observation 1: If the Type 1 resource allocation is reused for URLLC by increasing both the resource allocation granularity and the staring position granularity, it may lead to resource waste.
Proposal 1: The resource allocation scheme with PRB based starting position and larger resource allocation granularity should be considered.
· The resource allocation granularity can be defined as 1 [or 2, 3 times of] RBG size.




Considering the system capacity and scheduling flexibility, the recommended value of recommends can be one RBG. The payload of PRB based starting position and  = 1RBG resource allocation granularity are listed in Table 1 and reduced size of FRA can be from 1 to 4 bits. Note the additional overhead for PRB based starting position is  compared with the case that both starting position and resource allocation granularity is .

For further consideration the tradeoff between payload reduction and scheduling flexibility, the starting position granularity can be larger than one PRB and less than one RBG. The payload of half RBG based starting position and  = 1RBG resource allocation granularity are also listed in Table 1 and reduced size of FRA can be from 1 to 7 bits.
Table 1: Payload of FRA in different system bandwidth
	System bandwidth
	5MHz
	10MHz
	15MHz
	20MHz
	50MHz

	Payload of FRA in fallback DCI
	9
	11
	12
	13
	16

	
 (number of PRB per RBG)
	2
	4
	8
	8
	16

	
Both starting position and resource allocation granularity are 
	7
	7
	6
	7
	8

	PRB based starting position and RBG based resource allocation granularity
	8
	9
	9
	10
	12

	Half RBG based starting position and RBG based resource allocation granularity
	8
	8
	7
	8
	9



3. Time domain Resource Allocation
In current specification, the Time domain Resource Assignment (TAR) field of the DCI provides a row index of a higher layer configured table, where the indexed row defines the slot offset K0/K2, the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission [2]. Reusing the current RRC configuration and DCI signaling to URLLC services result in many unused timing combinations. In some case, they are not efficient for meeting URLLC requirement.
Defining the time domain resource assignment length by DCI instead of RRC, the time domain resource assignment will be better adjusted for URLLC. As we can see in the Table 2 [2] and requirement latency of URLLC, the default PUSCH/PDSCH transmission mapping type should be Type B, and the interval between PDCCH and corresponding PUSCH/PDSCH can be x OS. The ‘x’ can be a default value or a value configured by RRC. Typically the x for PDSCH should be 0, that is, PDCCH and PDSCH are transmitted simultaneously. All that means PUSCH/PDSCH transmission mapping type and starting OS are known without further indication in DCI. Then, time domain resource allocation field can be only used to indicate the PDSCH/PUSCH allocation length L. 
Table 2: PUSCH preparation time for PUSCH timing capability 2
	

	PUSCH preparation time N2 [symbols]

	0
	5

	1
	5.5

	2
	11 for frequency range 1



In the following PUSCH TRA is discussed and same principle can be applied for PDSCH.
After receiving the PDCCH at OS n of slot m, corresponding PUSCH time domain resource can be allocated in same slot if the time domain resource assignment is not need to be cross slot. The corresponding PUSCH allocates form OS n+x to OS n+x+L-1. For example, in Figure 3, receiving the PDCCH at OS 2 of slot m, and corresponding PUSCH of TRA1 (Time-domain Resource Allocation 1) can be allocated from OS 10 to OS 13 when PUSCH allocation length L is 4 and x=8. 


Figure 3: Time domain resource assignment in same slot  
After receiving the PDCCH at OS n of slot m, corresponding PUSCH time domain resource cannot be allocated in same slot if the time domain resource assignment have to be cross the slot. The Time domain resource assignment among 2 slots is not preferable. In this condition, corresponding PUSCH can be deferred to starting of the next slot, e.g. start from OS 0 to OS L-1 of slot m+1. The example can be in Figure 4, UE receive the PDCCH at OS 2 of slot m, corresponding PUSCH time domain resource cannot be allocated in same slot when PUSCH allocation length L is 5 and x=8. Then, corresponding PUSCH of TRA2 should be allocated from OS 0 to OS 4 of slot m+1. In this sense, cross slot scheme is useful and can be implicitly applied. However, gNB can also determine to schedule more urgent data by use the smaller amount of symbols in current slot and allocate more frequency resource.


Figure 4: Time domain resource assignment in different slot  
In the above scheme, comparing with current specification, potential states are fewer. Consequently, Time domain resource assignment can be more flexible when the payload size of Time domain resource assignment is same with current specification. The payload size of Time domain resource assignment can be 0, 1, 2, 3 or 4 bits. L can be any value of set {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}, when the payload size of Time domain resource assignment is 4 bits. 
For PDSCH, similar rule can be adopted with same mapping type. 
Proposal 2: In URLLC scenario, only length of PUSCH/PDSCH is indicated by DCI as the time domain resource assignment.
· [bookmark: _GoBack]The k0, k2, S values can be implicitly indicated.
· Type B PDSCH mapping can be the default mapping type.
· One DCI scheduling can only schedule symbols in one slot. In addition, cross slot assignment can be applied if needed. 

4. Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: If the Type 1 resource allocation is reused for URLLC by increasing both the resource allocation granularity and the staring position granularity, it may lead to resource waste.
Proposal 1: The resource allocation scheme with PRB based starting position and larger resource allocation granularity should be considered.
· The resource allocation granularity can be defined as 1 [or 2, 3 times of] RBG size.
Proposal 2: In URLLC scenario, only length of PUSCH/PDSCH is indicated by DCI as the time domain resource assignment.
· The k0, k2, S values can be implicitly indicated.
· Type B PDSCH mapping can be the default mapping type.
· One DCI scheduling can only schedule symbols in one slot. In addition, cross slot assignment can be applied if needed. 
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