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1 Introduction

At the RAN1#87 meeting [1], for the multiplexing of downlink control and data, it was agreed that:

· NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain

· FFS: if resource reuse can be done in time domain as well

· FFS: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data

· FFS: time/frequency granularity of the resource reuse

· FFS: signaling needed, if any
At the meeting RAN1#89 meeting [2], for resource allocation and RBG size it was agreed that:
· 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.
· 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
Also, the following agreements on resource allocation and RBG size were reached in RAN1 Ad-Hoc#2 [3]: 
· 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.

In this contribution, resource allocation for data channel is discussed by taking multiplexing of the data and control channel into account, the RBG granularity in frequency domain is also considered. 
2 Discussion
2.1 Resource allocation for data channel multiplexing with control channel
As the capacity of control channel is time-varying, in order to increase the resource utilization efficiency, some control resources can be dynamically used for data channel as agreed in [1], hence some PRBs within control resource sets (CORESET) can be dynamically reused for data transmission. 
In NR, the frequency granularity of the resource for data transmission (i.e. RBG size) can be 2, 4, 8, 16 PRBs, the RBG size of 3 and 6 PRBs have not been confirmed. While for control channel resource, a NR-CCE is defined as 6 REGs and REG bundling per CCE in frequency domain is supported, REG bundling size in frequency domain can be seen as the frequency-domain granularity of control channel resources.  Based on the analysis in [4], the REG bundling size in frequency domain is dependent on the CCE-to-REG mapping scheme, such as localized or distributed mapping, frequency-first or time-first mapping, and the time duration of CORESET. For example, considering the possible time duration of CORESET can be 2, 3 OFDM symbols, for time-first CCE-to-REG mapping, the possible REG bundling size in frequency domain can be 1, 2 or 3; while for frequency-first CCE-to-REG mapping, the possible REG bundling size in frequency domain can be 2 or 6.  When unused control resources are used for data transmission, if the RBG size of data channel and REG bundling size in frequency domain of control channel is not same, possible scheduling collision could happen and some frequency resources in control channel cannot be efficiently used for data channel. As Figure 1 illustrated, when control resources are used for data transmission, if the REG bundling size in frequency domain is 3, and RBG size is 4, the unused PRBs cannot to be scheduled to data channel.
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Figure 1. Possible scheduling collision when data channel multiplexing with control channel
So if control resources are used for data transmission, in order to make most full use of control channel resources, the RBG size for data transmission should be same with the frequency granularity of control channel as possible. So when the CORESET resources are reused for data channel, as both RBG and REG bundling contain group of PRBs, it is beneficial to have a unified design for RBG size and REG bundling size in frequency domain. As so far in NR, the possible REG bundling size in frequency domain can be 1, 2, 3 or 6 PRBs, in order to align REG bundling size in frequency domain, at least the candidate RBG size of 3 and 6 PRBs for data transmission in NR should be supported. Furthermore, for larger bandwidth, considering the simplicity of DCI design, the number of bits for resource allocation field (such as bitmap) should not change so much, even larger RBG size (e.g. 12) can be considered. Based on analysis in [5], the RBG size can be configured/indicated within the RBG size set, when the CORESET resource can be reused for data channel, the value of RBG size 3 or 6 should be contained in RBG size set.
Figure 2 illustrates an example of data channel multiplexing with control channel, the REG-to-CCE mapping is distributed, and the REG bundling size in frequency domain is 3. Then in this situation, the nested patterns with RBG size 3 illustrated in Figure 2 can be used for data channel resource allocation, and then the allocation collision between control channel and data channel can be avoided somehow.
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Figure 2. Example of data channel multiplexing with control channel with RBG size of 3 PRBs.
Proposal 1: The indicated/configured RBG size should be same with REG bundling size in frequency domain in order to efficiently enable dynamic multiplexing of control and data channels. 
· RBG size of 3 and 6 should also be supported in NR.
3 Conclusions
According to the above discussions, we have the following observation and proposals:

Proposal 1: The indicated/configured RBG size should be same with REG bundling size in frequency domain in order to efficiently enable dynamic multiplexing of control and data channels. 
· RBG size of 3 and 6 should also be supported in NR.
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