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1. Introduction

At RAN1#89 meeting, there were following agreements on resource allocations [1]. In this contribution, further details on DL/UL frequency resource allocation aspects are discussed.
	Agreements:
· In frequency-domain, for PDSCH and for PUSCH with CP-OFDM waveform, starting point is at least LTE DL RA type 0.

· Working assumption: In frequency-domain, for PUSCH with DFT-s-OFDM waveform, only contiguous resource allocation is supported in Rel. 15.

· In frequency-domain, NR allows to schedule a PDSCH and PUSCH at least with CP-OFDM waveform with large resource allocation and small resource allocation in dynamic manner.

· E.g., scheduling a slot with full or almost full bandwidth and scheduling next slot with one or a few RBs.
Agreements:
· For DFT-s-OFDM based NR-PUSCH transmission, contiguous RB allocation with/without frequency hopping are supported

· At least intra-slot frequency hopping is supported for 14 symbol slot case

· FFS on detailed resource allocation

· FFS on detailed frequency hopping for PUSCH
Agreements:
· The set of RBG size includes at least 2, [3,] 4, [6,] 8, 16

· FFS: necessity of other RBG sizes

· RBG size may or may not depend on the number of symbols for data

· For determining RBG size, the following options are considered

· Opt. 1: RBG size is determined by the NW channel BW

· FFS: Necessity of signaling

· Opt. 2: RBG size is determined by BW for the configured BW part

· FFS: Necessity of signaling

· FFS: Multiple configured BW parts

· Opt. 3: RBG size is configured by NW

· FFS: Set of configurable RBG sizes may depend on frequency range

· Opt. 4: RBG size is determined by DCI

· FFS: Signaling details


2. General Aspects
It has been agreed that NR supports both contiguous and non-contiguous resource allocation for data with CP-OFDM for both UL and DL. The same frequency resource allocation mechanisms can be considered for data with CP-OFDM for both UL and DL. 
DL/UL CP-OFDM Case
To support non-continuous resource allocation, LTE DL resource allocation type 0 can be a baseline, but further considerations are necessary in NR.

The RBG size determination basically needs to consider the tradeoff of scheduling granularity and signalling overhead. Since the NB UEs may not have to know any information about the network BW, and its allocations are much smaller, it does not make sense to define RBG sizes based on the NW BW. Given a configured BW part and associated numerology, the number of RBs can be determined, and the RBG size can be determined by the number of RBs in the configured BW part based on a pre-defined mapping table. With the current agreed set of RBG size including 2, 4, 8, and 16, the number of signalling bits considering a RB number of 275 RBs with 3300 used subcarriers, 18 bits can be used to indicate the resource allocations with RBG size of 16. 
For slot based data transmission, the BW part dependent RBG size determination can be the baseline. However, when considering that various transmission durations are supported in the NR, e.g., from 1 symbol to 14 symbols, it is also beneficial to further scale the RBG size based on the potential data transmission duration. For example for short duration transmission, such as 1 or 2 symbols, the small RBG size such as 2 is not reasonable because the number of available REs is very limited. Therefore, the RBG size can depend on the transmission duration either implicitly or explicitly. For instance, when a short transmission must be supported, then a wider BW must be allocated to the user. In such cases, bigger RBG sizes may be used for efficient resource allocation signaling overhead. This mapping can be either implicit or explicitly indicated to the UE via Option 2, 3 or 4 agreed in the last meeting. Since the transmission duration may mostly depend on the CORESET monitoring interval, e.g., slot level or symbol level, it is recommended that the RBG size can be determined by the CORESET monitoring interval. This can be the default option to determine a RBG size. To allow more flexibility of adjusting the scheduling granularity, the RBG size can be configured by gNB.
Proposal 1: For determining RBG size, at least support the following options 

· Opt. a: RBG size is determined by the number of RBs in the configured BW part and the configured CORESET monitoring interval
· Opt. b: RBG size is configured by gNB
For the option that determining RBG size by DCI, one motivation could be to allow dynamic scheduling granularity for resource allocation. For different RBG sizes, it is expected there is at least two times difference in terms of required signalling bits to allow per-RBG indication, considering that the current RBG size is power of 2. The resulting DCI size may be different and therefor may require blind DCI detection at the UE side, which is not desirable. To maintain the same DCI size, one may think to use an indication filed of RBG size in the DCI, and make equal length by align the number of signalling bits with the large RBG size case or smaller RBG size case. So the benefit of dynamic scheduling granularity comes at the cost of extra signaling overhead and potentially limited indication for some RBG size cases. Depending on the number of RBG sizes to be indicated, the tradeoff needs to be further investigated. It is noted that dynamic scheduling granularity can also be achieved by some other ways, e.g., via different DCI format or types. 
Proposal 2: Further investigate the option of determining RBG size by DCI, considering the tradeoff or dynamic scheduling granularity switching and extra signaling overhead.

To support contiguous resource allocation, the LTE RA type 2 (or LTE RA type 0) can be a starting point, e.g., to indicate the start RB position and the length of RBs. Since it does not support arbitrary RB allocations but only frequency contiguous allocations, the number of required signalling bits is less compared to non-continuous resource allocation. This can be used for robust broadcast transmission or a ‘fallback’ DCI. In a more compact manner, the scheduling granularity can be increased to more than one RB (e.g., in LTE DCI format 1C) to further reduce the signalling overhead. In addition, this can be considered for URLLC case which in general not only requires compact DCI with limited signaling overhead but also reliable control and data transmissions. Similarly, it is expected that URLLC may only occupy a small number of symbols due to the latency requirement, e.g., 1 or 2 symbols, the scheduling granularity in the frequency domain can be further increased, which not only keeps a reasonable scheduling unit size but also reduces the signaling overhead. 
Proposal 3: To support continuous resource allocation, the start point is LTE DL RA Type2 (or LTE UL RA Type 0). Multiple scheduling granularities are supported.    
UL DFT-s-OFDM Case

For DFT-s-OFDM which is a complementary waveform targeting for link budget limited cases in UL, it is reasonable to support only contiguous resource allocation. To support contiguous resource allocation, the same frequency resource allocation mechanisms can be considered for both CP-OFDM and DFT-s-OFDM. The LTE UL RA Type 0 can be the starting point. 
Proposal 4: Confirm the following working assumption:

· In frequency-domain, for PUSCH with DFT-s-OFDM waveform, only contiguous resource allocation is supported in Rel. 15.
For small RB allocations which do not inherently benefit from frequency diversity, frequency hopping is beneficial to exploit frequency diversity. Considering the DMRS overhead, it was agreed that intra-slot frequency hopping is at least support for 14 symbol slot case. For the frequency hopping pattern in the frequency domain, the sub-band based frequency hopping or pre-define hopping pattern can be considered. In addition, it is necessary to consider how to decide the hopping symbol position. A simple way is to hop in the middle of a slot, which is common to all UEs and make ease of resource allocation and scheduling. However, the PUSCH transmission in NR may not occupy the full slot and the transmission location can be flexible. Assuming the same DMRS pattern in two hopped resource parts, the hopping in the middle position could be a better way to achieve balance of frequency diversity and channel estimation accuracy. Therefore, it may be beneficial that the hopping position is in the middle of the actual time resource allocation. 
Proposal 5: For intra-slot frequency hopping, consider the following options to determine the hopping position in the time domain:

· Opt. 1: Pre-defined symbol position in the slot
· Opt. 2: Symbol position determined by the number of allocated data symbols in the slot
· Opt.3: Symbol position determined based on gNB configuration
3. Two-Step Frequency Domain Resource Allocation

Mechanisms for indication of the BW part and the resource allocation inside a BW part in this 2-step resource allocation are subsequently considered.

Case 1 for Narrowband UEs

For narrowband UEs, a 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 issue is how to define the BW location, and the related indication details. 

BW location: There can be different ways to create the 1st part BW - the starting position can be any PRB. This 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 and be indicated to the UE.  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 the carrier BW indicated in MIB, and the size of each part, for example the minimum carrier BW (or initial access BW). Then the number of bits needed is given by ceil(log2(NRBDLmax/minimum carrier BW)). 

· Size of each part is variable: if the size of 1st part is variable, then additional 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. Note that such a mechanism can easily take care of the reserved resources, if any, inside a BW part.

Observation 1: For UEs not capable of supporting the whole carrier bandwidth, the general PRB allocation can be re-used in the 2nd step by reflecting the BW size in the 1st step.
For a UE that supports the carrier BW, two mechanisms can be used – 

· the first part is the carrier BW and corresponding signaling in the DCI for indicating the first part is not needed 

· In order to maintain a uniform scheduling mechanism for all UEs, the above 2-step resource allocation mechanism can continued to be used. However, in this mechanism for the UE with full carrier BW the number of bits being used for RA is un-necessarily long (for the sole reason to maintain uniformity). 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. In such a case, the UE must be pre-indicated whether any reserved resources exist inside the BW part. 
Case 2 for Multi-numerology Support

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

a) Associating the 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 UEs using a specific numerology. These parts can be changed by semi-static or dynamic configuration. Semi-static configuration can be by SI or by UE-specific higher layer signaling. Dynamic configuration can be by DCI (the motivation for a dynamic configuration is not clear yet). Basically, once the MIB indicates the system BW, the UE can be indicated the starting locations of each part either by UE-common or UE-specific higher layer signaling or by DCI. For the 2nd step, DCI indicates the resource allocation for each UE inside a part configured for the UE. This can be by using the LTE-type resource allocations i.e., Type-0/1/2. 

DCI Formats: If the 1st part of each numerology has 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 allocations can be used inside each of part, the RBG size can be scaled based on the numerology.

Observation 2: 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 needs only 2 bits and the resource allocation mechanism may be maintained across numerologies. Once indicated, a UE will be allocated all the RBs in a sub-part. The value of X can be configurable. Again, note that the number of sub-parts themselves can be changed and accordingly the number of bits needed for the sub-part can be used. The 3 partitions defined above is just an example for illustration purposes. 

When numerology is not associated with the 1st part, a simplified RA can apply by choosing the highest numerology (informed by SI) as baseline and resource allocation can be based on the PRB size of the higher numerology. For example, for 15 kHz and 30 kHz SCS, 1 PRB with 30 kHz SCS includes 2 PRBs with 15 kHz numerology. Hence the UE can be indicated resource allocation in terms of the 30 kHz SCS (or some reference SCS). 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 UEs with full carrier BW.

Observation 3: The 1st part definition can be avoided for UEs supporting full carrier BW and resource allocation can be in terms of the highest supported numerology.
A BWP can be configured in a semi-static manner and activated via DCI/MAC-CE or via a time pattern as discussed in [wider BW tdoc]. BWP may be defined in such a manner that they overlap across time i.e., along similar lines of definition of the 1st and 2nd RF BW. However, it is still not clear if the BWP configuration for a single numerology case should be configured in an overlapping manner. 
Proposal 6: Further study the motivation to define overlapping BWP for the case of single numerology.
Contents of the DL BW part
The following agreements were made in the last meeting
· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology

· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL

FFS: down selection of combinations
· In case of one active DL BWP for a given time instant, 

· Configuration of a DL bandwidth part includes at least one CORESET.

· A UE can assume that PDSCH and corresponding PDCCH (PDCCH carrying scheduling assignment for the PDSCH) are transmitted within the same BWP if PDSCH transmission starts no later than K symbols after the end of the PDCCH transmission.

· In case of PDSCH transmission starting more than K symbols after the end of the corresponding PDCCH, PDCCH and PDSCH may be transmitted in different BWPs

· FFS: Value of K (may depend on numerology, possibly reported UE retuning time, etc) 

Based on these agreements, it is clear that PDSCH need not necessarily be supported in an active BWP. Furthermore, based on [2], a BWP need not necessarily support PDCCH. Hence, a DL BWP may support either PDCCH or PDSCH or both of them as configured by the network. In addition a BWP may be activated for CSI-RS measurements [3]. 
TB mapping may be supported across BWP and within 1 slot. More details about TB mapping can be found in [4]. More details about HARQ operations are also provided in the same companion contribution. 
UL 2-step Frequency resource allocation
The 2-step frequency resource allocation discussed for DL can be extended to the case of UL as well. More details about the 2-step resource allocation, its impacts on the UCI formats can be drawn parallels with the DL 2-step resource allocation. We will only highlight some important aspects below -
a) When DFT-s-OFDM waveform is used, allocation across active BW parts may lose the single carrier property and must be taken care of. Hence, as a baseline, when the DFT-s-OFDM waveform is used, the allocation can be restricted to one BW part unless the allocation across BW parts can be deemed to be contiguous. 
b) Similar to CSI measurements in DL, the UE will need to retune to different BW parts (of course, if the BW supported by the UE is less than full carrier BW) to send SRS and provide feedback in order for the gNB to be able to schedule the UE in the BW part. The retuning timeline must be considered for configuring the UE for UE specific SRS transmissions. Unlike LTE, this SRS transmission need not be full carrier BW. More details about SRS hopping across BWP is discussed in [3].
c) Similar to the DL BWP, the UL BWP may contain PUCCH and/or PUSCH as configured by the gNB.

Proposal 7: 2-step frequency domain resource allocation can be performed for NR Uplink. 

Proposal 8: For DFT-s-OFDM waveform, the UL allocation may be restricted to one BW part to preserve the single carrier property unless the activated BWPs are contiguous.
Proposal 9: Retuning timeline for the UE UL needs to be accounted for SRS transmissions in different BW parts.
4. Conclusions
This contribution discussed the DL/UL frequency resource allocation aspects and proposes the following:
Proposal 1: For determining RBG size, at least support the following options 

· Opt. a: RBG size is determined by the number of RBs in the configured BW part and the configured CORESET monitoring interval
· Opt. b: RBG size is configured by gNB

Proposal 2: Further investigate the option of determining RBG size by DCI, considering the tradeoff or dynamic scheduling granularity switching and extra signaling overhead.
Proposal 3: To support continuous resource allocation, the start point is LTE DL RA Type2 (or LTE UL RA Type 0). Multiple scheduling granularities are supported.

Proposal 4: Confirm the following working assumption:

· In frequency-domain, for PUSCH with DFT-s-OFDM waveform, only contiguous resource allocation is supported in Rel. 15.
Proposal 5: For intra-slot frequency hopping, consider the following options to determine the hopping position in the time domain:

· Opt. 1: Pre-defined symbol position in the slot
· Opt. 2: Symbol position determined by the number of allocated data symbols in the slot

· Opt.3: Symbol position determined based on gNB configuration

Proposal 6: Further study the motivation to define overlapping BWP for the case of single numerology.
Proposal 7: 2-step frequency domain resource allocation can be performed for NR Uplink. 

Proposal 8: For DFT-s-OFDM waveform, the UL allocation may be restricted to one BW part to preserve the single carrier property unless the activated BWPs are contiguous.

Proposal 9: Retuning timeline for the UE UL needs to be accounted for SRS transmissions in different BW parts.
Observation 1: For UEs not capable of supporting the whole carrier bandwidth, the general PRB allocation can be re-used in the 2nd step by reflecting the BW size in the 1st step.
Observation 2: 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.
Observation 3: The 1st part definition can be avoided for UEs supporting full carrier BW and resource allocation can be in terms of the highest supported numerology.
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