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1	Introduction
The following has been agreed regarding the resource allocation in frequency domain for PDSCH and PUSCH in NR
Agreements: (RAN1#88 Athens)
· 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: (RAN1#89)
· 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: (RAN1#89)
· 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
Agreements: (RAN1#89)
· 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

In this contribution, we discuss the resource allocation in frequency domain for both PDSCH and PUSCH.
2	Resource allocation in frequency domain for PDSCH and CP-OFDM based PUSCH
Both contiguous and non-contiguous resource allocation schemes have already been agreed, and in addition, we agreed to use at least LTE DL RA type 0 as the starting point.
RBG size for DL RA type 0
For LTE DL RA type 0, a bitmap is used to indicate the resource block groups (RBGs) allocated to the UE. The RBG size is pre-defined for each system bandwidth in LTE. It supports both contiguous and non-contiguous allocation, and the minimum granularity is a RBG.
In RAN1#89 agreements, it was considered whether the RBG size should be aligned with the CCE size in PDCCH, e.g. by supporting the RBG size of 3 or 6. This may be considered to allow more compatible resource allocation for PDCCH and PDSCH when they occur on the same symbol. However, if the resource sharing of PDCCH and PDSCH on the same symbol is achieved by having PDSCH rate match around the indicated control resources (which is suggested by majority of the proposals), aligning the RBG size with CCE size does not seem to provide any obvious benefit.
Observation 1: There is no obvious benefit to support RBG size of 3 or 6 if resource sharing of PDCCH and PDSCH on the same symbol is achieved by having PDSCH rate match around the indicated control resources.
The RBG size should also consider the scheduling unit in time domain. For example, if a PDSCH with 1-symbol or 2-symbol duration is scheduled, RBG size of 16 could be too small, and it would be reasonable to consider larger RBG size. If we consider URLLC in particular, it is especially important to minimize the DCI payload size to achieve the desired reliability. Having a larger RBG size would be beneficial.
Proposal 1: RBG size larger than 16 should be considered at least for short PDSCH durations.

When deciding the RBG size for a UE, we need to consider that: (1) UEs can be configured with smaller BW than the BW of network carrier; (2) a UE may have multiple bandwidth parts (BWP) configured , and the bandwidth can be potentially dynamically changed.
For different UEs with different bandwidth configured, the flexibility would be desirable to allow different RBG sizes for different UEs, in order to achieve the best tradeoff between DCI overhead and fine resource allocation granularity for each UE. In addition, if different RBG sizes are used for different UEs, it is beneficial to have nested RBG structure to achieve better compatibility in the resource allocation for different UEs (e.g. to avoid any residual or orphan RBs due to misalligned RBG boundaries).
For a UE operating with bandwidth adaptation, the determination of RBG size should consider the DCI size before and after changing the BWP. Even though CORESET is configured for each BWP, the PDCCH candidates for two BWPs can have some or full overlap if the two BWPs are overlapped. If the DCI size and format can stay the same before and after bandwidth adaptation, it would allow the gNB to send a single DCI using one of the overlapping PDCCH candidates during the ambiguous period when the gNB does not know yet whether the UE has successfully retuned or not. In addition, the DCI on one BWP can schedule the same BWP as well as cross-slot/cross-mini-slot schedule another BWP. A UE does not need to follow two DCI format sizes at each CORESET in this case [1]. Note that overlapping BWPs can be a typical use case considering the UEs switching between narrower and wider bandwidth for power saving purpose. In this sense, for a UE configured with multiple BWPs, it is beneficial to have the DCI size aligned for all the BWPs. There are multiple ways to achieve this:
1. The RBG size is configured for one BWP (e.g. the smallest or largest BWP), and the RBG sizes for other BWPs are scaled accordingly in order to keep the same number of RBGs (i.e. the same bitmap size in DCI). This may not always work out perfectly due to the finite set of values for RBG size and the bandwidth of the BWPs. In this case, some padding bits would be needed for some BWPs in order to achieve the same size for the RA field. This can be considered as a realization of option 2.
2. The RBG size is configured per BWP (which could result in different number of RBGs for different BWPs). But the DCI size is aligned with the largest DCI size among the BWPs. This can be considered as a realization of option 3.
3. UE is configured with the size of RA field, and the RBG size is implicitly determined by the smallest RBG size out of nested values that fits the configured RA field size. Padding bits may be necessary in some cases. This can be considered as a realization of option 2.
Proposal 2: When multiple bandwidth parts are configured, for type 0 resource allocation, the RBG sizes on bandwidth parts and resource allocation field in DCI should be defined in a way to ensure the same DCI format size for different bandwidth parts.

RA with smaller granularity
With RBG-based resource allocation, the granularity is RBG, which can be up to at least 16 RBs. This kind of granularity is too coarse to efficiently support small packet transmission. Therefore, it was agreed that RA scheme with smaller resource allocation or smaller granularity should also be support. Preferably the granularity is on the RB level.
In LTE, DL resource allocation type 1 and 2 have been defined to support RB-granularity RA.
· Type 1: it includes a bitmap to addresss a subset of the RBGs, and is a way to support non-contiguous allocation to achieve frequency diversity. The minimum granularity is a RB. However, Type 1 has not been used in practice, also because it cannnot address all PRBs of system BW.
· Type 2: it indicates the starting virtual RB index and the number of contiguous virtual RBs (VRBs). Depending on whether the virtual RBs are localized or distributed, it can support contiguous and non-contiguous (deterministic intelace) allocation. The minimum granularity is a RB. It has a smaller overhead in DCI, and is suitable for a compact DCI format.
As a simple exercise, we summarize the number of bits needed for resource allocation for type 0/1/2. In this table, we use a variation of type 2, whether the granularity is a RBG instead of a RB, and the field size is calculated for different RBG sizes. It can be seen that type 2 provides very compact size even when the number of PRBs is as large as 275.
Table 1 Number of bits for resource allocation type 0/1/2
	
	
	
	RBG size

	# of SCs
	# of PRBs
	
	1
	2
	4
	8
	16

	1200
	100
	Type 0/1
	100
	50
	25
	13
	7

	
	
	Type 2 with RBG granularity
	13
	11
	9
	7
	5

	3300
	275
	Type 0/1
	275
	138
	69
	35
	18

	
	
	Type 2 with RBG granularity
	16
	14
	12
	10
	8



For NR, we see the need to support contiguous and non-contigous resource allocation with large and small granularity. Type 0 already provides the support for contiguous and non-contigous resource allocation with large granularity. Between type 1 and type 2, type 2 can support contiguous and non-contigous resource allocation with small granularity, which is a good complement for type 0. Therefore we think type 2-like resource allocation scheme can be supported in NR. But some issues may need to be investigated further, especially regarding how distributed type VRB should be defined in NR. For example, we may not want to support intra-slot frequency hopping.
Proposal 3: A resource allocation scheme similar to LTE DL RA type 2 is supported for PDSCH and CP-OFDM-based PUSCH. Details FFS.
3	Resource allocation in frequency domain for DFT-S-OFDM based PUSCH
Other than CP-OFDM based PUSCH, it has also been agreed in RAN1 #86bis meeting to support DFT-S-OFDM waveform for PUSCH as a complementary waveform in the new radio UL. Obviously, LTE PUSCH and the related resource allocation can be considered as the baseline for DFT-S-OFDM based PUSCH in NR. 

LTE PUSCH supports various options for PUSCH resource allocation. Those include:
· Uplink Resource allocation type 0 for localized PRB allocation
· Uplink Resource allocation type 1 for dual cluster allocation
· Type 1 PUSCH hopping according to a pre-determined pseudo random hopping pattern
· Type 2 PUSCH hopping based on explicit hopping offset signaled in UL grant.

A working assumption was made in RAN1#89 that only contiguous resource allocation is supported for DFT-S-OFDM based PUSCH in Rel-15. We think that there is no reason for supporting dual cluster resource allocation in NR UL. Instead, when non-contigous resource allocation is needed, then it’s preferable to use CP-OFDM and non-contiguous resource allocation scheme common for both PDSCH and PUSCH.
Proposal #4: Confirm the working assumption that for PUSCH with DFT-S-OFDM waveform, only contiguous resource allocation is supported.
The motivation behind introduction of DFT-S-OFDM as a complementary waveform in the new radio UL is to provide at least the same link budget (i.e. MCL) as LTE UL. Based on that, it’s enough to have semi-static configuration of the PUSCH waveform. This means that PUSCH waveform is configured using higher layer signalling and DFT-S-OFDM does not introduce any additional bits in DCI scheduling PUSCH. 
It has been decided in RAN1#88bis that “Similar to LTE, the number of RBs allowable for DFT-s-OFDM waveform should be N = 2i3j5k”. When using CP-OFDM waveform, such limit does not exist. The simplest option would be to have a common solution for contiguous resource allocation covering both PDSCH and PUSCH. When DFT-S-OFDM is configured, only those PUSCH allocations fulfilling the rule related to DFT size are as considered as valid resource callocations for an UE.  
Proposal #5: PUSCH waveform is configured using higher layer signalling. DFT-S-OFDM does not introduce any additional bits in DCI scheduling PUSCH.

6	Conclusion
In this contribution, we have discussed the resource allocation in frequency domain and proposed the following:
Proposal 1: RBG size larger than 16 should be considered at least for short PDSCH durations.
Proposal 2: When multiple bandwidth parts are configured, for type 0 resource allocation, the RBG sizes on bandwidth parts and resource allocation field in DCI should be defined in a way to ensure the same DCI format size for different bandwidth parts.
Proposal 3: A resource allocation scheme similar to LTE DL RA type 2 is supported for PDSCH and CP-OFDM-based PUSCH. Details FFS.
Proposal #4: Confirm the working assumption that for PUSCH with DFT-S-OFDM waveform, only contiguous resource allocation is supported.
Proposal #5: PUSCH waveform is configured using higher layer signalling. DFT-S-OFDM does not introduce any additional bits in DCI scheduling PUSCH.
Observation 1: There is no obvious benefit to support RBG size of 3 or 6 if resource sharing of PDCCH and PDSCH on the same symbol is achieved by having PDSCH rate match around the indicated control resources.
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