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1 Introduction
In this contribution, we discuss frequency resource allocation for DL and UL shared channels. The following agreements on the issue were made in RAN1 NR AH#2 meeting [1]:

· 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.

On determination of RBG sizes, RAN1 agreed on the following [1]:
· 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.
With taking into account the above agreements and open issues, resource allocation for PDSCH and PUSCH in frequency domain and support of frequency diversity are discussed in detail.
2 Resource allocation types 
2.1 Resource allocation
In RAN1 NR AH#2, contiguous resource allocation based on LTE UL RA Type 0 and bit-map resource allocation based on LTE DL RA type 0 were agreed for PUSCH with CP-OFDM waveform. In RAN1#89, it was agreed that resource block grouping for the bit-map resource allocation would support at least the sizes 2, 4, 8 and 16 [2], and this allows to avoid a significant increase in DCI overhead due to the bitmap based indication. 

A drawback of the LTE DL RA type 0 is that a single PRB scheduling for small payloads is not possible with RB grouping. This drawback can be circumvented by LTE UL RA type 0 for PUSCH and LTE DL RA type 2 for PDSCH, wherein an RIV-based approach is employed to support contiguous PRBs in virtual/physical domain for PDSCH/PUSCH respectively.
In applications and scenarios which frequently require very small payload transmission in UL or DL, an allocation scheme like LTE UL RA type 0 and LTE DL RA type 2 respectively would be useful and a similar allocation mechanism needs to be supported in NR as well. UL (resp. DL) TCP ACK in DL (resp. UL) data streaming scenarios are examples wherein a single PRB allocation would be frequently utilized, while LTE DL RA type 0 can be usually used in cases of heavy UL/DL traffic. 
Combining the agreements from RAN1 #89 and RAN1 NR AH#2 meetings, in order to support dynamic switching between large and 1-PRB resource allocations for PDSCH and PUSCH, dynamic switching between DL RA types 0 and 2 for PDSCH and between DL RA type 0 and UL RA type 0 for PUSCH.
Proposal 1:
· For PDSCH and PUSCH, both one PRB level and RB grouping allocations are supported in a dynamic manner.
As discussed in Section 3.1, RBG (Resource Block Group) size can be determined as a function of bandwidth of the CC or bandwidth part (BWP) for both DL and UL. As illustrated in the tables provided in Section 3.1, the RBG size can increase with an increase in the bandwidth. This leads that the DCI overhead for resource allocation is kept within a reasonable limit. Further coarser granularity other than the bandwidth dependent granularity can reduce the DCI overhead more, but this would come at the expense of introducing an additional DCI format and complexity. 
For reference, for DL RA type 2 and UL RA type 1, a maximum of ceil(log2(N*(N+1)/2)) bits are needed for the RIV-based RA mechanism, where N is the maximum number of PRBs. For N = 275, this implies that a maximum of 16 bits would be needed. This is lower than the maximum number of bits needed for DL RA type 0-based allocations, wherein maximum of ceil (N/P) bits = 18 bits (with N = 275 and P = 16 or N = 138 and P = 8 see Table 2 in Section 3) are needed. Further, both bit-widths are lower than the maximum bit-width for the resource allocation field in LTE (viz. 25 bits). 
Unless the need for further coarser granularity is clearly identified, a granularity of greater than 1 PRB for UL RA type 0 or DL RA type 2 is not recommended.

Proposal 2: 
· For UL RA type 0 and DL RA type 2, minimum resource allocation granularity is one PRB.

· Additionally coarser granularity for further reduced DCI overhead is not supported.
2.2 DCI formats for resource allocation

Following the discussion above, it is clear that dynamic switching of RA types should be supported in NR. As it has been agreed that different DCI formats are to be used for the different RA types, it follows that the UE would be required to monitor for multiple DCI formats, not only for DL and UL, but also for the different RA types – at least for PDSCH and PUSCH with CP-OFDM waveform. 
Next, we observe that the bit-widths of the resource allocation field for DL RA type 2 and UL RA type 0 are expected to be smaller than that for DL RA type 0 for the corresponding channel BW, but not significantly different. This can be seen by comparing the required bit-widths for DL RA type 0 with the examples of RBG sizes in Table 2 and the requirement for the RIV-based RA types. 
Accordingly, it is proposed that the DCI sizes for the different DCI formats for each of the RA types for DL and UL are size-matched in order to keep the number of BD attempts for the UE in check. The details of size matching can be determined once discussion on DCI contents is sufficiently mature. Further, as in LTE, the basic DCI formats for DL and UL scheduling should also be size-matched in order to avoid additional BDs for PDCCH monitoring.

Proposal 3:
· DCI formats for each RA type for DL and UL scheduling should be size-matched with respect to DCI payload size.

3 On RBG sizes
In LTE, the RBG sizes are defined as a function of the system BW as in Table 1 below. 

Table 1: Type 0 resource allocation RBG size vs. Downlink System Bandwidth in LTE

	System Bandwidth
	RBG Size
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	(P)

	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	4


In NR, the maximum number of subcarriers within a carrier can be as large as 3300 subcarriers, amounting to 275 PRBs as one PRB consists of 12 subcarriers.  

In our view, even if adaptive RBG sizes are supported, as implied by some of the options agreed during RAN1 NR AH#3 meeting, it would be beneficial to define certain default or candidate RBG sizes as a function of the carrier BW, or configured frequency range, or configured BW part. 

Accordingly, assuming that only the already-agreed RBG sizes are supported (viz. 2, 4, 8, and 16), a possible such mapping is presented in Table 2 below. 

Table 2: Type 0 resource allocation RBG size vs. Carrier BW, configured frequency range, or BW part size 

	BW part size
	RBG Size

	(N)
	(P)

	≤26
	2

	27 – 63
	4

	64 – 138
	8

	139 – 275
	16


On determination of RBG sizes, various options have been identified as listed in Section 1. Of these, following the basic functionality of RBG-based resource allocation as defined in LTE, it is natural to consider the simplest option, i.e., Opt. 5 (“RBG size is determined depending on the size of the BWP”) as the natural baseline.
Next, we take a look at some of the options from last meeting: 

Option 1: Semi-statically configured size of Type0 RA bitmap
For this option, the number and size of RBGs for a RA is determined based on size of BWP and the size of the bitmap. The main motivation is that in case of resource allocation in different BWPs with different sizes in a dynamic manner (e.g., dynamic cross-BWP scheduling), the bit-width of the RA field can remain the same for same DCI size. 

However, this means that if a large range of BW needs to be supported, then the bitmap length may either always need to be over-dimensioned, or in the opposite case, the RBG size needs to increase significantly. On the other hand, the increase in the DCI payload size due to the resource allocation field bit-width with increase in the size of the BWP is a phenomenon already present in LTE and something that can typically be handled safely while satisfying the assumption of a relatively stable DL control overhead percentage. 

Furthermore, at this point, it is not clear whether we need to consider optimized support of multiple active BWPs and dynamic cross-BWP resource allocation.
Option 2: Semi-statically configured RBG size(s) per BWP for deriving number of RBGs
Depending on the traffic characteristics and service requirements, it could be beneficial in some cases if the gNB has the ability to adapt the RBG sizes. In this regard, at least semi-static (re)configurability that could be based on a set of default set of RBG sizes (as in Table 2) could be considered. Accordingly, for the case of configured RBG sizes (via RRC signaling):

· Common RRC signaling may be more suitable considering better alignment in frequency domain resource allocation to different UEs in the cell

· The adaptation in RBG sizes may be performed over a few candidates that are determined as a function of the BWP size
Further, in case DCI-based dynamic indication of RBG sizes is to be supported, it needs to be considered how the DCI bit-field size is handled without sacrificing the accessibility to certain PRBs or over-dimensioning of the DCI field. Thus, additional adaptations to DL RA type 0 may need to be considered. Such adaptations may include not only indication of the RBG size itself but also additional fields to supplement the possible range of PRBs that may be addressed.
Option 3: DCI format/DCI format size (e.g. a compact DCI may be with a larger RBG size than a normal DCI)
This option is motivated by the target of supporting very compact DCI formats for specific use cases and can be considered further once the basic RBG-based design elements are in place. 
Option 4: Transmission durations (e.g. a shorter-duration transmission may be with a larger RBG size than a longer one)
For the support of adaptive RBG sizes according to data channel duration, the impact to resource utilization considering FDM-based multiplexing of UEs with different data channel durations (and hence, different RBG sizes) may be non-trivial. On the other hand, the benefits of using larger RBG sizes for smaller data channel durations is limited and mainly applies to DCI bit-field size and thus, need to be established further. 
Proposal 4:
· Baseline for RBG sizes: RBG size is determined depending on the size of the BWP (Opt 5).

· Consider defining a BWP size to RBG size mapping as in Table 2.

· Semi-statically configured RBG sizes per BWP (Opt. 2), with or without dynamic adaptability, may be considered further if sufficiently justified.

4 Frequency hopping 

4.1 PUSCH with DFT-s-OFDM

Without support of non-contiguous allocation for DFT-s-OFDM waveform, frequency hopping within a slot can provide frequency diversity gain and increases coverage for PUSCH with DFT-s-OFDM waveform, at the same time with preserving single-carrier transmission property. To support coherent demodulation of PUSCH at gNB receivers, each segment of the frequency hopped transmissions should contain at least one DMRS symbol. In another aspect, keeping the same or similar DMRS overhead as the case without frequency hopping is also important to not sacrifice the resource to be used for UCI bits and the channel coding gain. 

Front-loaded DMRS was agreed for PUSCH DFT-s-OFDM waveform in RAN1 NR AH#2 [5]. When frequency hopping is employed in cases with more than 7 symbols for the PUSCH with DFT-s-OFDM waveform, the front-loaded DMRS pattern can be repeated in the 2nd frequency-hop and this allows to maintain the same DMRS overhead as the case without frequency hopping. The frequency hopping can be performed once per slot such that each frequency-hop takes almost the same structure as PUSCH transmissions for a 7-symbol slot case.  

Whether to frequency hop or not, and the frequency resource to be used due to the hopping can be indicated by a corresponding UL grant. This provides sufficient flexibility and the same DCI format can be used for the case without frequency hopping. It is desirable that the frequency hopping occurs within a bandwidth part without causing non-negligible transition time and incurring different MRP/A-MPR between the transmissions.
Proposal 5:
· Intra-slot frequency hopping is supported for cases of PUSCH with more than 7 symbols.

· Frequency hopping is performed once per slot such that the same DMRS pattern is used in each frequency-hop with keeping the same DMRS overhead as the case without frequency hopping.

· Frequency hopping occurs within an active bandwidth part, but not across different bandwidth parts.

4.2 PUSCH with CP-OFDM

In LTE, compact DCI (format 1A) for contiguous allocation of PDSCH in frequency domain is supported. Additionally, distributed VRB assignment can be scheduled by the DCI in order to support frequency diversity transmission for the case. For NR PUSCH, these features can be supported by PUSCH with DFT-s-OFDM waveform as discussed in Section 2.1.2. Thus, additional complexity in specification and implementation to support the feature for PUSCH with CP-OFDM seems somewhat redundant and unnecessary. Also, the frequency hopping as applied to PUSCH with DFT-s-OFDM seems unnecessary for CP-OFDM waveform, because the bitmap based resource allocation for PUSCH with CP-OFDM support frequency diversity transmission by distributed allocations of the PUSCH resource. These features for frequency diversity are mainly useful for coverage limited UEs, and PUSCH with DFT-s-OFDM waveform should serve the purpose in UL without duplicating them for PUSCH with CP-OFDM waveform.
Proposal 6:
· Frequency hopping is not supported for PUSCH with CP-OFDM waveform.

4.3 PDSCH
Similar to the design in LTE and as also elaborated above, frequency hopping for PDSCH resource allocation need not be supported since distributed resource allocation can already be possible for PDSCH with DL RA type 0.
Proposal 7:
· Frequency hopping is not supported for PDSCH.
5 Conclusion 

This contribution has discussed resource allocation in frequency domain and support of frequency hopping for PDSCH and PUSCH. Based on the discussions, the proposals are presented as below:
Proposal 1:
· For PDSCH and PUSCH, both one PRB level and RB grouping allocations are supported in a dynamic manner.
Proposal 2: 
· For UL RA type 0 and DL RA type 2, minimum resource allocation granularity is one PRB.

· Additionally coarser granularity for further reduced DCI overhead is not supported.
Proposal 3:
· DCI formats for each RA type for DL and UL scheduling should be size-matched with respect to DCI payload size.

Proposal 4:
· Baseline for RBG sizes: RBG size is determined depending on the size of the BWP (Opt 5).

· Consider defining a BWP size to RBG size mapping as in Table 2.

· Semi-statically configured RBG sizes per BWP (Opt. 2), with or without dynamic adaptability, may be considered further if sufficiently justified.
Proposal 5:
· Intra-slot frequency hopping is supported for cases of PUSCH with more than 7 symbols.

· Frequency hopping is performed once per slot such that the same DMRS pattern is used in each frequency-hop with keeping the same DMRS overhead as the case without frequency hopping.

· Frequency hopping occurs within an active bandwidth part, but not across different bandwidth parts.

Proposal 6:
· Frequency hopping is not supported for PUSCH with CP-OFDM waveform.

Proposal 7:
· Frequency hopping is not supported for PDSCH.
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