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1. Introduction
This paper is a re-submission of R1-1715487. 
In 3GPP RAN1 NR Ad Hoc #2 meeting, the following agreement for non-continuous frequency domain resource allocation type in NR was made, and a FFS on how to determine the RBG size was also provided. 
Agreements:

· 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 the same meeting, an agreement on continuous frequency domain resource allocation type in NR was also made and another FFS was whether a coarser granularity is needed. This agreement also described that at least four DCI formats were needed in NR for both contiguous and non-contiguous frequency domain resource allocation type, separately in DL or UL. Another FFS was whether some or all of these formats should have the same DCI payload size.
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.

In this paper, we provide our views on how to determine the RBG size according to the BWP (Bandwidth Part) size for the non-continuous frequency domain resource allocation type in NR, and then we also design a mechanism for the continuous case to limit the DCI payload overhead. Finally, we give our view and analysis on whether/which/when some DCI formats should have the same DCI payload size.  

2. Discussion  
As shown in the above agreements, NR should at least support two kinds of frequency resource allocation types, the one is a non-continuous type similar to the DL RA type 0 in LTE, and the other is a continuous type similar to the DL RA type 2 and UL RA type 0 in LTE.
In LTE the main motivation for making the RBG size depend on bandwidth was to make the DCI payload smaller for resource allocations in large bandwidth by using coarser resource granularity. The disadvantages of a larger RBG size are potentially less efficient transmission of small packets and less efficient multiplexing of users. In LTE DL RA type 0, a bitmap is used to indicate which resources are allocated for the scheduled UE, and one RBG is the resource allocation granularity, in that each  bit in the bitmap is used to indicate whether the corresponding RBG is allocated or not. A table in TS36.213 has described the relationship between the RGB size and the corresponding bandwidth range in LTE. So in NR one motivation for being able to use a small RBG size in a large BWP would be efficient multiplexing of traffic requiring small resource allocations (e.g. MTC). Also, since the BWP size is UE-specific, the same part of the spectrum might be configured with different BWP values for different UEs. In this case the possibility of configurable RBG size would allow more efficient multiplexing (but maybe with more DCI payload). Therefore, in NR, it has been agreed that “for PDSCH/PUSCH, the RBG size/number can be changed along with the change of the BWP used for resource allocation”. There are basically five options in the FFS on how to determine RBG size/number. Which one or ones will be selected according to the advantages and disadvantages of each option is inferred from the following comparative analysis, and then we can give our proposals.
· Option 1:  This allows direct control over the DCI payload size, but it may be difficult to achieve a particular desired resource granularity for a given BWP size. 
· Option 2: This allows direct control of the resource granularity but it may be difficult to exactly achieve a desired DCI payload size for a given BWP size (e.g. for making UL and DL DCI payload sizes equal). However, good PDSCH and PUSCH performance and multiplexing efficiency relies heavily on a good choice of RBG size. 
· Option 3: It should be considered that a compact DCI format needs either a larger RBG size or, where applicable, a smaller bitmap size (or both) to reduce the DCI payload overhead. This option could be considered in combination with any of the others.
· Option 4: Different transmission duration may just affect the TB size, but what the RBG size determines is the frequency resource granularity and the related field size in DCI, They are not equivalent, e.g. if the configured BWP size is same, for slot scheduling and slot aggregation scheduling, different RBG size configuration may not be necessary. 
· Option 5: This allows only indirect determination of the resource granularity and DCI payload by selecting the BWP size and is much less flexible than option 1 or option 2.  
Based on the above descriptions, option 2 should be used as a basis mechanism, e.g. we can directly configure a RBG size value for a UE per BWP; or where this is not possible, based on a candidate value set for RBG size per BWP size, the UE may acquire the exact RBG value by DCI format size blind decoding and the BWP’s configuration signaling. Option 3 should be jointly considered as a complement to option 2 to reduce the DCI overhead, e.g. two RBG sizes or size sets can be configured for one BWP, and one is used for normal DCI scheduling cases and the other one is used for compact DCI scheduling cases. So we can make a proposal below:
Proposal 1: For RBG size determination in NR, option 2 (semi-statically configured RBG size(s) per BWP) should be used as a basis mechanism, and option 3 (a compact DCI) should also be jointly considered. 

In LTE DL RA type 0 and UL RA type 2, UE is notified by a resource block assignment field which contains a RIV value, and calculates its own contiguous PRBs resource (i.e. a start PRB position indicated by 
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).  The relationship between the three parameters is shown in the formula below for DL RA type 2: 
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In NR, both the same RIV configuration mechanism and value set can be configured by the gNB as in LTE. From the UE perspective, after it has detected a DCI which contain a RIV field, it uses a parameter K to determine the exact starting PRB position and number of the PRBs, which is shown in the formula below to match the NR extended bandwidth size. In detail, the start PRB position and number of PRBs should be multiplied by the parameter K. Since the value range of RIV is same as in LTE, the size of the corresponding field in DCI for frequency domain resource allocation is not necessary to be extended. The formula is:
Start PRB position =
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And a table below is an example which is used to show the value of K corresponding to multiple size ranges of BWP size.
Table 1 Example values of K for different BWP size ranges
	BWP size
	K
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	≤110
	1

	111-220
	2

	221-275
	3


According to above descriptions, we can propose a contiguous RA scheme using a coarser granularity, such that it is not necessary to extend the size of the corresponding field in DCI for frequency domain resource allocation.
For further consideration, the RIV value set size can be scaled by the BWP size changing when it is smaller than 110 PRBs or even larger than 110 PRBs. So for different BWPs with different sizes, the number of bits in the RA field can be different. This does not affect the UE's blind decoding because the BWP size and DCI format size the UE should detect inside a CORESET/Search space are prior configured by RRC. For a compact DCI format, a coarser granularity which is determined by “K” can also be used to reduce the DCI overhead. So for one BWP, different value of “K” can be configured for different DCI formats. This means that the value of K is determined not only by BWP size but also can be configured by RRC.
Proposal 2: In NR, for contiguous RA scheme based on LTE UL RA type 0 or DL RA type 2, by using a coarser granularity the RIV value set which is used in LTE may not need to be extended, and a coarser granularity can also be used to reduce DCI overhead for some special DCI formats. The scaling factor can be determined by BWP size or by RRC configuration.
In LTE, for a specific bandwidth, some DL DCI formats have the same payload size as some other UL DCI formats by using the similar RA type which leads to the same size in the corresponding field, e.g. DCI format 0 and DCI format 1A have the same payload size in LTE for a specific bandwidth, and this kind of configuration can reduce the UEs’ complexity of blind decoding. 
In NR, the size of the frequency domain RA field in DL and UL DCI generally depends on the BWP size, and for non-continuous RA type, it also depends on the RBG size; separately, for continuous RA type, it also depends on the RIV value range corresponding to the configured BWP size. Thus, if we want to achieve the same performance on blind decoding with LTE, for non-continuous RA type, we can configure the UL and DL RGB sizes equal to the UL and DL BWP size ratios; separately, for the continuous RA type, we can use the method which we have described above and designed to support proposal 2. So in NR, some methods should be considered for both non-continuous and non-continuous RA type to make some DL and UL DCI formats have the same size for the frequency domain RA field (here the DL and UL DCI formats’ other fields are not considered yet).
Proposal 3: In NR, some methods should be considered for both non-continuous and non-continuous RA type to make some DL and UL DCI formats have the same size of the frequency domain RA field, in order to achieve the goal of the same DCI payload and thus reducing the complexity of blind detection.


3. Conclusion
In this contribution, our views on frequency domain resource allocation were provided. We had the following proposals.
Proposal 1: For RBG size determination in NR, option 2 (semi-statically configured RBG size(s) per BWP) should be used as a basis mechanism, and option 3 (a compact DCI) should also be jointly considered. 

Proposal 2: In NR, for contiguous RA scheme based on LTE UL RA type 0 or DL RA type 2, by using a coarser granularity the RIV value set which is used in LTE may not need to be extended, and a coarser granularity can also be used to reduce DCI overhead for some special DCI formats. The scaling factor can be determined by BWP size or by RRC configuration.
Proposal 3: In NR, some methods should be considered for both non-continuous and non-continuous RA type to make some DL and UL DCI formats have the same size of the frequency domain RA field, in order to achieve the goal of the same DCI payload size reducing the complexity of blind detection.
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