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1. Introduction
At RAN1#88 meeting, there were following agreements on resource allocations [1]. In this contribution, further details on resource allocation aspects are discussed.
	Agreements:
· NR supports both contiguous and non-contiguous resource allocation for data with CP-OFDM for both UL and DL

· FFS detailed for both contiguous and non-contiguous resource allocation schemes
Agreements:
· Resource allocation for data transmission for a UE not capable of supporting the carrier bandwidth can be derived based on a two-step frequency-domain assignment process 
· 1st step: indication of a bandwidth part
· 2nd step: indication of the PRBs within the bandwidth part
· FFS definitions of bandwidth part
· FFS signaling details
· FFS the case of a UE capable of supporting the carrier bandwidth


2. General Aspects
Time Domain Resource Allocation
In LTE, there is no explicit indication of time domain resource allocations, and UE by default assumes that the data transmission occupies the remaining OFDM symbols except PDCCH OFDM symbols in a subframe. In NR, it was earlier agreed in RAN1 NR Adhoc-1 meeting that the starting position of downlink data in a slot can be explicitly and dynamically indicated to the UE. One of the motivations is to allow dynamic reuse of control resources for data transmission to improve spectrum efficiency. More discussions on multiplexing between control and data can be found in our companion contribution [2]. 
One open issue is where to indicate this, e.g., UE-specific DCI and/or a group-common PDCCH. In group-common PDCCH, it is expected that some common information will be addressed to a group of UEs, such as slot format related information. If a starting position for data transmission is signaled, its rule could be similar as PCFICH in LTE and a group of UEs share the same starting position. Another consideration point is that the group-common PDCCH may not be always transmitted and the UE needs to always rely on UE-specific DCI. When indicated in UE-specific DCI, there is flexibility to allow different starting position for different UEs, which provides resource sharing in a more dynamic manner. The overhead required to indicate the starting position could be very marginal, e.g., about 2 bits since it is reasonable to restrict the staring position among the first several OFDM symbols only. It is noted that an ending symbol (or a duration) of downlink data can implicitly be derived from the slot structure such as the number of OFDM symbols for DL/UL or GP.
Proposal 1: Support to indicate the staring position of downlink data in UE-specific DCI.
Frequency Domain Resource Allocation
In LTE, the downlink data is allocated by either distributed type or localized type. The distributed allocation generally provides frequency diversity gains by distributing a downlink transmission in the frequency domain and the localized allocation can provide frequency selectivity gains or multi-user scheduling gain. There are several resource allocation types to indicate the PRB assignment. One approach is based on RB/RBG bitmap, e.g., Type 0/1 to enable distributed resource allocation. Another approach is to indicate the start RB position and the length of RBs, e.g., Type 2, to support continuous resource allocation or virtual resource allocation. In general, the bitmap based resource allocation provides more scheduling flexibility but could require higher signalling overhead, especially in NR with larger system bandwidth case. Therefore, the RBG granularity can be further increased to reduce the signalling overhead. This is also beneficial to URLLC case which in general not lonely requires compact DCI with limited signaling overhead but also reliable control and data transmissions. 

Proposal 2: The resource allocation types in LTE can be the baseline for NR. Additional granularity can be supported.
3. Two-Step Frequency Domain Resource Allocation

In NR, at least the following scenarios motivate the need of two-step frequency domain resource allocations:

· Case 1: Different BW parts may be allocated to support UEs not capable of supporting the full carrier bandwidth, within which the resources for a UE are assigned
· Case 2: Different BW parts may be allocated to support different numerology, within which the resources for a UE even capable of supporting the full carrier bandwidth are assigned
Case 1 for Small BW UEs

For small BW UEs, two-step resource allocation is very natural and is similar to eMTC behavior wherein the 1st step indicates a certain BW portion within the full carrier BW, and the 2nd step assigns the PRBs within the BW part that is indicated in the 1st step.
In the 1st step, the open issues are how to define the BW size and BW location, and the related indication details. 
· BW size: Different UE’s have different BW capabilities. The size of this 1st step BW part must therefore be designed appropriately considering all the different UEs. The appropriate size of such a part is at least the size of the initial access BW wherein the UE performs initial access procedures (PSS/SSS/PBCH etc.). The rationale is explained below.

This initial access BW is the total size of the BW that a UE must definitely support to be able to access the cell. For example, this is 5 or 10 MHz for sub 6GHz and 40 or 80 MHz in the above 6 GHz spectrum as per RAN1 agreement. Hence, the initial access BW <= UE BW. It is also clear that 1st step BW part <= UE BW. It is clear that choosing a BW larger than UE BW can cause additional confusion as the UE only supports portion of the indicated BW and it is not clear how the gNB must allot the RBs to this user. Hence, considering the above two relationships, it is preferred that the 1st step BW part size is at least the same size as the initial access BW. In other words, it is preferred to follow the below relationship

Initial access BW size <= 1st step BW part size <= UE BW

Proposal 3: For UEs not capable of supporting the carrier bandwidth, the bandwidth part indicated in the 1st step is at least as large as the initial access BW size.
· BW location: There are different ways to create the 1st part BW - the starting position can be any PRB which provides flexible BW location but requires high signaling overhead. To reduce the signalling overhead, the starting position can be restricted to a subset of PRBs.  As an example, consider the following: 

· Size of each part is uniform: the number of bits needed for indicating the location of the 1st part depends on the number of parts, which in turn depends on carrier BW indicated in MIB and the size of each part, for example say minimum carrier BW (or initial access BW) as per proposal above, then the number of bits needed is given by ceil(log2(NRBDLmax/minimum carrier BW)). The denominator here of course changes based on the size of the uniform 1st parts created.
· Size of each part is variable: if the size of 1st part is variable, then additional number of bits will be necessary to indicate the size of this 1st part and the exact part to use. The exact part to use can be indicated using the starting PRB position. This provides a greater flexibility, while the number of bits needed for RA increases. 
In the 2nd step i.e., for resource allocation within the 1st part, the general PRB allocation schemes can be used depending on continuous or distributed allocations. Therefore the number of bits for RA in the 2nd step depends on the size of the 1st part created above, e.g., NRBDLmax which is the parameter used to indicate the maximum number of PRBs will now be changed to NRBPart-1max which is the maximum number of RBs within 1st part. 
Observation 1: For UEs not capable of supporting the carrier bandwidth, it is expected that the general PRB allocation can be re-used in the 2nd step by reflecting the BW size in the 1st step.
The 1st part allocation to a user can be changed either in a semi-static manner or in a dynamic manner. For users which have large amounts of data in a periodic fashion can be semi-statically assigned the 1st part (or several 1st parts). On the other hand for users with variable amounts of data, dynamically assigning the 1st part (or several 1st parts) seems better to avoid high power consumption. More details about BW adaption can be found in our companion contribution [3]. When it is semi-static, the signaling can be via RRC and via DCI otherwise. For dynamic manner the DCI formats need to be studied further. The RA inside each part is via DCI only. 
For resource allocation via DCI of common search space, the first part can be predefined, e.g. minimum frequency bandwidth, because gNB may not know the UE bandwidth capability, in fact, it supports single-step in common search space. 

For resource allocation via DCI of UE-specific search space, two-step frequency domain resource allocations or single-step frequency domain resource allocations can be configurable based on the UE bandwidth capability.

For a UE that supports the carrier BW, in order to maintain a uniform scheduling mechanism for all UEs, the above 2-step resource allocation mechanism can continued to be used. However, for this UE alone, the number of bits being used for RA is un-necessarily long. To optimize the RA mechanism, the resource allocation for this UE can be in terms of 1st parts i.e., all RBs inside a 1st part is given to this UE and this UE can be allotted several 1st parts depending on the requirements. 
Case 2 for Multi-numerology Support

In this case, the mechanisms can be very similar to Case 1, but there could be slight difference in terms of BW size in the 1st step and configurations, since now it is more related to the amount of resource assigned for certain numerology. Different types of mechanisms may be considered for this case
a) Associating numerology with a 1st part

b) Not associating the numerology with 1st part

In (a), the overall carrier BW may be divided into several 1st parts depending on the numerologies supported/used in that frequency, an example is shown below –


	1st part for numerology 1
	1st part for numerology 2
	1st part for numerology 3


The size of this part may be changed based on the number of users using a specific numerology. These parts can be changed in static/ semi-static/ dynamic manner. Static is configured a priori via SI, Semi-static is configured via RRC and dynamic can be indicated via DCI (the motivation for a dynamic change is not clear yet). Basically, once the MIB indicates the system BW, the UE will be indicated the starting locations of each of these parts via SI or RRC/DCI. For the 2nd step, DCI indicates the resource allocation for each user inside a part configured   for the UE. This can be the standard LTE-type resource allocations i.e., Type-0/1/2. 

DCI Formats: If the 1st part of each numerology is taken to be of same size, then instead of indicating the starting position, the gNB can indicate the total number of parts using log2 (N) bits where N is the total number of 1st parts. In order to ensure that the DCI formats are same between different BW parts, and to ensure that LTE-type resource allocation can be used inside each of these parts consistently, the RBG size can be scaled based on the numerology.

Observation: RBG sizes can be scaled across numerologies to use the same DCI formats for RA inside each BW part when the BW part is linked to a numerology.
Besides RBG scaling, another way to maintain uniform DCI format sizes is to define sub-part inside each part such as (i) 1 to X RBs, (ii) X+1 to 2X RBs and (iii) 2X+1 to end; which will now need only 2 bits and resource allocation mechanism may be maintained across numerologies. Once indicated, a UE will be allotted all the RBs in a sub-part. The value of X can be configurable and needs additional bits for the same. Note that the parts and sub-parts can be defined in a cell-specific manner.
Observation: The definition of 1st parts can be in a cell specific manner.
In (b) when numerology is not associated with the 1st part, a simplified RA wherein the higher numerology can be chosen as baseline and resource allocation will be done based on the PRB size of the higher numerology. For example, 15 kHz and 30 kHz numerologies, 1 PRB of 30 kHz numerology will include 2 PRBs of the 15 kHz numerology. Hence the UE can be indicated resource allocation in terms of the 30 kHz numerology (or some reference numerology). In such a mechanism, LTE based Type-0/1/2 allocations can be used based on the higher numerology and the RA field is decided based on the numerologies supported in a given spectrum band. Note however that in this mechanism RB grid alignment must be taken care of. This mechanism can work well for supporting users with full carrier BW.
Observation: The 1st part definition can be avoided for users supporting full carrier BW and resource allocation can be in terms of the highest numerology supported in that specific band.
4. Conclusions
This contribution discussed the resource allocation aspects and proposes the following:

Proposal 1: Support to indicate the staring position of downlink data in UE-specific DCI.
Proposal 2: The resource allocation types in LTE can be the baseline for NR. Additional granularity can be supported.
Proposal 3: For UEs not capable of supporting the carrier bandwidth, the bandwidth part indicated in the 1st step is at least as large as the initial access BW size.
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