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Introduction
It is agreed in RAN1#NR Ad-Hoc#2 meeting [1] that:
Agreements:
· In frequency-domain, for PUSCH with DFT-s-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is adopted in Rel. 15.
· FFS:
· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  
· BW parts
· In frequency-domain, for PDSCH in NR, a resource allocation scheme based on LTE DL RA Type 2 is supported in Rel. 15.
· FFS:
· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  
· BW parts
· In frequency-domain, for PUSCH with CP-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is supported in Rel. 15
· FFS:
· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  
· BW parts
· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PDSCH.
· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PUSCH with CP-OFDM waveform.
· A DCI format with resource allocation based on LTE DL RA type 2 is supported for PDSCH.
· A DCI format with resource allocation based on LTE UL RA type 0 is supported for PUSCH with CP-OFDM waveform and with DFT-s-OFDM waveform.
· FFS: some or all of the above DCI formats have the same DCI payload size.

· For PDSCH/PUSCH, the RBG size/number can be changed along with the change of the BWP used for resource allocation.
· FFS: If one or multiple of following option(s) is/are also used for RBG size/number determination:
· Opt. 1: Semi-statically configured size of Type0 RA bitmap. 
· Number and size of RBGs for a RA is determined based on size of BWP and the size of the bitmap.
· Opt. 2: Semi-statically configured RBG size(s) per BWP for deriving number of RBGs.
· Number of RBGs in the BWP is determined by size of the BWP and the configured/indicated RBG size(s). 
· FFS: Dynamic switching of RBG size(s). 
· Opt. 3: DCI format/DCI format size (e.g. a compact DCI may be with a larger RBG size than a normal DCI).
· Opt. 4: Transmission durations (e.g. a shorter-duration transmission may be with a larger RBG size than a longer one).
· Opt. 5: RBG size is determined depending on the size of the BWP.
· Other options are not precluded.
In this contribution, aspects of frequency-domain resource allocation are further discussed. 
Resource allocation in frequency-domain
In the last meeting, it was agreed that contiguous resource allocation scheme based on LTE UL RA Type 0/ LTE DL RA Type 2 is supported in Rel. 15. Whether a coarser granularity (i.e. more than 1RB) of resource assignment is introduced is still an open issue. In NR, different transmission durations are supported. For transmission with shorter duration, large frequency resource is generally needed. Therefore, the frequency resource allocation granularity or RBG size should be increased correspondingly. The RBG size can be semi-statically configured.
When transmissions with different durations are overlapped in time domain, the grant for the shorter transmission is generally later than that for the longer transmission. Therefore, it may lead to inefficient resource multiplexing if two kinds of transmissions adopt different resource allocation granularity. For example, as shown in Figure 1, legacy localized resource allocation is used by slot based eMBB, and 16 PRBs are left unused. Then mini-slot based URLLC comes in. The granularity of both allocated starting position and allocated resource for URLLC is 8 PRBs. That is, the possible starting positions are integral multiple times of 8 PRBs, and allocated resource is also integral multiple times of 8 PRBs. Although there are 16 remaining PRBs, URLLC can only occupy 8 PRBs exclusively, as shown in Figure 1(a). If URLLC need 16 PRBs for transmission, there will be 4 overlapped PRBs between eMBB and URLLC, as shown in Figure 1(b). It may lead to unnecessary performance degradation. To address the problem, it can be considered that the granularity of the starting position is less than that of the allocated resource..For the case in Figure 1, the granularity of the starting position can be 1 PRB. The starting position is PRB#4, and all the unused 16 PRBs can be allocated to shorter duration transmission, as shown in Figure 1(c). The new resource allocation method is an enhancement for the LTE UL RA Type 0/ LTE DL RA Type 2, in which both the granularity of allocated starting position and allocated resource are RBG size. For the proposed resource allocation method, the granularity of allocated starting position is less than that of the allocated resource.
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Figure 1 Multiplexing of eMBB and URLLC in frequency domain


In the following, the new resource allocation scheme based on RIV is discussed. Assuming that the starting position is PRB based and the allocated resource is  PRBs, in which. Similar to LTE UL RA Type 0/ LTE DL RA Type 2, the RIV can be defined as a segmented function, which is given below.

If  then


else 

       


where  is the number of the PRBs of the BWP and is the starting RB.


Taking  and  as an example, RIV can be calculated by

If  then


else 

       
 


Assuming that the starting position is PRB based and the allocated resource is  PRBs, It can be seen that the proposed method provides a unified localized resource allocation for . The overhead of the resource allocation scheme is calculated by:


Table 1 shows the comparison of overhead between LTE UL RA Type 0/ LTE DL RA Type 2 and the proposed resource allocation. It can be seen that the proposed method can save 2~4 bit. 
Table 1 Comparison of resource allocation overhead 
	

	LTE UL RA Type 0/ LTE DL RA Type 2
	Proposed method

	
	Overhead
	RBG size
	Overhead

	15
	7
	4
	5

	25
	9
	4
	7

	50
	11
	8
	8

	100
	13
	16
	9



Proposal 1: In order to achieve flexible multiplexing between different transmission durations, an enhancement should be considered for the contiguous resource allocation of LTE UL RA Type 0/ LTE DL RA Type 2.
· Even the granularity of allocated resource in RBG size (more than 1 PRB), the granularity of the allocated starting position is less than that RBG size.
Conclusion
This contribution further discusses the frequency-domain resource allocation for uplink. The following proposal is concluded:
Proposal 1: In order to achieve flexible multiplexing between different transmission durations, an enhancement should be considered for the contiguous resource allocation of LTE UL RA Type 0/ LTE DL RA Type 2.
· Even the granularity of allocated resource in RBG size (more than 1 PRB), the granularity of the allocated starting position is less than that RBG size.
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