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1. Introduction
In previous RAN1 meetings, agreements and working assumption related to resource mapping were made as follows;
	Agreement:
· NR-PDCCH can be mapped contiguously or non-contiguously in frequency with localized or distributed mapping of REGs to a CCE (in the physical domain)

· Note: The number of contiguous REGs in the CCE needs further discussion. 

· Note: Localized/distributed mapping can be achieved without/with interleaving.

Agreements:
· A CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a CORESET

· Definition of a REG bundle: The UE may assume that the same precoder is used for the REGs in a REG bundle and that the REGs in a REG bundle are contiguous in frequency and/or time 

· REG bundling per CCE is supported for NR-PDCCH

· FFS: Whether this applies to common search space

· FFS: Whether all REGs have DMRS or not

· FFS: Whether wideband precoding is supported and the definition of a REG bundle if it is supported

· FFS: whether REG bundle size is different for mapping of NR-PDCCH with or without interleaved mapping of CCE to REGs 

· FFS on REG bundle size

· FFS whether REG bundle size is configurable
Working assumption:
· A NR-CCE is defined as 6 REGs

· Candidate bundle sizes for distributed REG-to-CCE mapping: 2 or 3 REGs if NR-CCE is defined as 6 REGs

· FFS: impact of the NR-CCE definition on CORESET size, CCE aggregation levels, data resource allocation granularity, etc.




In this contribution, we discuss resource mapping by considering REG bundling. 
2. Discussions 

According to the agreements in RAN1#88 meeting, the REG bundling is introduced for the NR-PDCCH, and REGs in a REG bundle are contiguous in frequency and/or time. It implies that REG bundle is a basic unit of resource mapping in a CORESET where the REG bundling is applied, for example, REG bundles are interleaved in the distributed mapping. Two types of resource mapping were agreed in a previous meeting; localized and distributed mapping. The distributed mapping can obtain frequency diversity gain, and localized mapping can be supposed to maximally achieve beamforming gain. 
Proposal: If REG bundling is configured, REG bundle is a basic unit of NR-PDCCH resource mapping. 

There may be three types of localized mapping by considering REG bundling; localized mapping with frequency bundling, time bundling and both time and frequency bundling. Each type can be selected depending on transmission scheme. When the localized mapping is configured, both UE-dedicated beamforming and precoder cycling (or UE-dedicated beamforming only) can be used as a transmission scheme. If the transmit diversity scheme cannot be used in localized mapped CORESET like EPDCCH, localized mapping with time only and frequency only cases can be excluded. (i.e., the localized mapping with both time and frequency bundling of figure 1(c) is only used for localized mapping.) On the other hand, for a distributed mapping, the UE-dedicated beamforming is not proper because of inefficient beamforming and inaccurate feedback. So, only precoder cycling can be used for a distributed mapping. 

Figure 1 shows examples of REG indexing, REG bundle and CCE construction for a localized mapping. (In this figure, we assume 6 REGs per CCE and bundle size with 2 REGs.) When UE-dedicated beamforming is used on localized mapping with frequency bundling, larger bundling size can be configured compared to precoder cycling scheme. For example, the bundle size can be configured to 2 for a precoder cycling, and 6 for a UE-dedicated beamforming. Regarding the localized mapping with time bundling, the precoder cycling is more suitable as a transmission scheme, because same precoding cannot be assumed at adjacent bundles in frequency. In order to achieve beamforming gain and coding gain, time and frequency bundling can be used simultaneously. As a precoder cannot be changed in a CCE, this case can be used for a UE-dedicated beamforming scheme. In the figure, the bundling sizes of the case are assumed as 2 and 3 for a time bundle and a frequency bundle, respectively.
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(b) Localized mapping with time bundling
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: REG bundle : CCE1


Figure 1. REG bundling and CCE construction for a localized mapping
Proposal: The REG bundling size is configurable by considering mapping type and transmission scheme.

As mentioned above, the UE-dedicated beamforming is not suitable when distributed mapping is configured. Figure 2 shows REG indexing, REG bundle and CCE construction for a distributed mapping. For a distributed mapping, the trade-off between bundling gain and diversity gain should be considered. The bundle size can be determined smaller than the number of REGs per CCE, and it can be configured UE-specifically. 
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(b) Distributed mapping with time bundling
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Figure 2. REG bundling and CCE construction for a distributed mapping
In previous agreements, details of mapping of NR-PDCCH in time and frequency are remained as FFS. In CCE-to-REG level, this mapping means time first mapping and frequency first mapping. In our view, these mapping types can be replaced with time bundling and frequency bundling. For example, if time (or frequency) bundling is configured, time (or frequency) first CCE-to-REG mapping is assumed. When both types of bundling are configured or bundling is not configured, then one of two mappings can be pre-defined. 
Proposal: The mapping of NR-PDCCH in time and frequency can be known implicitly by time and frequency bundling information. 
In CCE-to-REG mapping level, especially when the distributed mapping is used, the bundling size can be quite small. So, it seems beneficial to achieve additional bundling gain at high aggregation level, and this inter-CCE bundling can be applied to both localized and distributed CCE-to-REG mapping. For example, when distributed CCE-to-REG mapping with time domain REG bundling, adjacent REGs from different CCEs can be aggregated and bundled in frequency. This operation can be implemented as an aggregation of CCE 0 and 1 in Figure 2(b), and the gNB configures time bundling of 2 REGs for an intra-CCE bundling and frequency bundling of 2 CCEs for an inter-CCE bundling. It is helpful to achieve not only bundling gain but also coding gain, if front loaded RS is used in intra-CCE bundling. In localized CCE-to-REG mapping, inter-CCE bundling could be useful when precoding granularity is larger than intra-CCE bundling size. 
Proposal: the inter-CCE bundling can be considered to the PDCCH-to-CCE mapping principle.

3. Conclusion
In this contribution, considerations on NE-PDCCH resource mapping are discussed, and followings are proposed;
Proposal: If REG bundling is configured, REG bundle is a basic unit of NR-PDCCH resource mapping.

Proposal: The REG bundling size is configurable by considering mapping type and transmission scheme.

Proposal: The mapping of NR-PDCCH in time and frequency can be known implicitly by time and frequency bundling information.

Proposal: the inter-CCE bundling can be considered to the PDCCH-to-CCE mapping principle.
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