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Introduction
In RAN1#89, the following agreements on resource allocation in the frequency domain [1]:
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

[bookmark: _Ref178064866]Discussion
Resource blocks on a carrier can be numbered from 0 and upwards (in LTE, the RBs are numbered from 0 to 109). Scheduling assignments/grants include the set of resources the UE is supposed to receive or transmit data upon, e.g. by using a bitmap or by signaling a start/stop value of the resource block numbers.
In LTE, all UEs support the full carrier bandwidth (up to 20 MHz) and a single RB numbering scheme can therefore be used for all UEs.
In NR, on the other hand, not all UEs support the full carrier bandwidth. There is no benefit of signaling a UE resource blocks outside the bandwidth it is capable of. Rather, the DCI size can be reduced by numbering resource blocks only across the bandwidth supported by the UE. Furthermore, different UEs can be located in different parts of the overall spectrum. This is one of the reasons that lead RAN1 to introduce the term ‘bandwidth part’.  From a RB numbering perspective it implies two resource block indices,
· one ”carrier specific” where resource blocks are numbered from 0 and upwards across the whole carrier bandwidth, and
· one “UE specific”, i.e. specific to the bandwidth part the UE is receiving, where resource blocks are numbered from 0 and upwards across the bandwidth part supported by a particular UE or a UE is configured with.
The “carrier specific” numbering scheme is useful when referring to common signals, e.g. where in the frequency domain the SS block is located, while the “UE specific” scheme is useful when scheduling a unicast data transmission to a UE.
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Figure 1: RB numbering seen from gNB and two different UEs.
Proposal
· Introduce two RB numbering schemes, one “carrier specific” and one “UE specific”.
· Carrier specific numbering would be used to allocated the UE specific BW part and channels such as the common CORESET
· UE specific numbering would be used to allocate at least PUSCH and PDSCH
· FFS how CORESETS and PUCCH would be allocated.
Resource allocation
The most flexible way of indicating the set of resource blocks the device is supposed to receive or transmit upon is to include a bitmap with size equal to the number of resource blocks in the cell bandwidth. Although this would provide the highest degree of flexibility, it would also result in a very large bitmap for the larger cell bandwidths. To reduce the size of the bitmap, LTE provides three different resource block allocation types, 0, 1, or 2.
· In resource allocation type 0, the size of the bitmap has been reduced by pointing not to individual resource blocks in the frequency domain, but to groups of contiguous resource blocks. 
· Resource allocation type 1 address the limited scheduling granularity by dividing the total number of resource blocks in the frequency domain into dispersed subsets. 
· Resource allocation type 2 encodes the resource allocation as a start position and length of the resource-block allocation. 
A start/length allocation scheme (similar to type 2 in LTE) is useful. Assuming a maximum of 3300 carriers (275 RBs), the number of bits required is in the order of 16 bits, which is reasonable. At the last RAN1 meeting it was concluded that such an resource allocation scheme is the starting point for the CP-OFDM design. Further as different UEs can operate with different UE bandwidths it is important in the design to consider that the resource allocations of the different UEs are compatible with each other. For example if one UE uses a RBG size of 3 and another UE uses and RBG size of 4 there will be a mismatch in the resource allocations in most cases so that there will be empty PRBs that cannot be allocated. Hence an approach wherein the RBG size is aligned at the power of 2 would solve this. Another aspect is that the UE specific BW parts needs to have an aligned starting position. This could be achieved by that the starting position is given based on the SSBlock from the carrier BW. This could either be solved by network implementation, i.e. PRB granularity starting position is possible to signal or by possibility limit the signalling for allocating the UE specific BW to given grid. 
Proposal
· In frequency-domain, for PDSCH and for PUSCH with CP-OFDM waveform, LTE DL RA type 0 resource allocation is adopted.
· The RBG size is defined based on power of 2 sizes
· RBG sizes are based on the UE specific bandwidth part
· Further study the RBG sizes.

In addition, some form of smaller bitmap approach is useful to allow smaller DCI payload. In principle, the type 0/1 in LTE could be reused. However, it would be beneficial to reduce the number of different schemes to simplify the implementation. For example, resource allocation type 1 in LTE is subject to an FGI bit and its usefulness is therefore limited. Hence, a unified scheme having similar properties as type 0/1 would be desirable.
For large resource allocations, a limited granularity is less of an issue while for small allocations it is beneficial to have a better granularity. One possibility to achieve this in a unified manner is to use resource block groups with a size depending on the total bandwidth assigned. An example is given below:
Assume a total bandwidth (which the UE is capable of or configured to receive or transmit upon) of N RBs and a RBG size of R (preferably a power of two). To schedule the full bandwidth (with a resolution of R) a bitmap of ceil(N/R) is needed. To improve the resolution for smaller allocations, a small header of M bits could also point to RBGs of size R/2 across half the bandwidth, RBGs of size R/4 across one quarter of the bandwidth, etc. The header could also contain information on where in the total bandwidth the half bandwidth region (quarter-part region, etc) is located. An example illustrating the principle is given in Figure 2 where (for illustrative purposes) a bitmap size of two is used. 
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[bookmark: _Ref478121541]Figure 2: Example of RB allocation signaling.
In Table 1, the number of bits for the ‘header’ is illustrated, showing that 4 bits is sufficient to provide a granularity from 1 to 8 RBs. This header size is small compared to a bitmap of (for example) 35 bits (assuming a maximum number of used subcarriers of 3300 = 275 RBs and an RBG size of 8).

[bookmark: _Ref478123365]Table 1: Number of bits required for the header.
	
	Number of combinations
	RBG size
	Number of bitmap locations
	Resolution

	
	1
	8
	1
	8 RBs

	
	2
	4
	2
	4 RBs

	
	4
	2
	4
	2 RBs

	
	8
	1
	8
	1 RB

	Total
	15 combinations (4 bits)
	
	
	



Proposal
· For both CP-OFDM and DFTS-OFDM a resource efficient allocations that can allocate only contiguous parts of BW, similar to the example in Figure 2 is supported.


Conclusion
In this contribution, we discuss resource allocation in frequency domain and propose the following: 
· Introduce two RB numbering schemes, one “carrier specific” and one “UE specific”.
· [bookmark: _GoBack]Carrier specific numbering would be used to allocated the UE specific BW part and channels such as the common CORESET
· UE specific numbering would be used to allocate at least PUSCH and PDSCH
· FFS how CORESETS and PUCCH would be allocated.
· In frequency-domain, for PDSCH and for PUSCH with CP-OFDM waveform, LTE DL RA type 0 resource allocation is adopted.
· The RBG size is defined based on power of 2 sizes
· RBG sizes are based on the UE specific bandwidth part
· Further study the RBG sizes.
· For both CP-OFDM and DFTS-OFDM a resource efficient allocations that can allocate only contiguous parts of BW, similar to the example in Figure 2 is supported.
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