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1. Introduction
In previous RAN1 meetings, agreement related to REG bundling was made as follows;
	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


In this contribution, we discuss REG bundling type and considerations of each bundling type. 
2. Discussions 
As shown in the agreement, the REG bundling means that the UE 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. It implies that REG bundle is a basic unit of resource mapping in a CORESET where the REG bundling is applied, for example, interleaving occurs at REG bundle level instead of REG in the distributed mapping. 
Regarding the frequency domain REG bundling, REG bundle size can be determined by considering resource mapping type (i.e., localized or distributed) and transmission scheme (i.e., UE-dedicated beamforming or precoder cycling). In distributed mapping, REGs consisting a CCE are distributed in frequency domain in order to achieve frequency diversity gain. So, the bundle size can be set to 2 or 3 REGs if bundling is used, assuming the number of REGs for one CCE is 6. If there is a tradeoff between frequency diversity gain and bundle size, gNB can configure the use of REG bundling in frequency domain for each CORESET. On the other hand, in localized mapping, different bundle sizes can be considered to each transmission scheme. When the precoder cycling is used on a localized mapped CORESET, bundle size can be set to 2 or 3 REGs to achieve precoder cycling gain. If the UE-dedicated beamforming is used, bundle size can be larger than that of precoder cycling case to maximize beamforming gain. In addition, frequency domain bundling can be applied with time domain bundling on a CORESET which uses localized mapping. It can increase not only beamforming gain but also coding gain, because narrower beam can be used and RS overhead can be decreased by time domain bundling.
Proposal 1: The frequency domain bundle size can be different depending resource mapping type and transmission scheme.

For a time domain bundling, the bundle size can be associated with the CORESET duration. If the bundle size is smaller than CORESET duration, time domain bundling cannot be assumed on some bundles. For example, if the CORESET duration is 3 symbols and time domain bundle size is 2 REGs, then REGs consisting some REG bundles can be distributed on different PRB. Therefore, when the time domain bundling is used, it is desirable that bundle size is same to CORESET duration. Another issue of time domain bundling is which RS configuration is used for a CORESET; using full loaded RS or front loaded RS. According to definition of REG bundling, the UE may assume that the same precoder is used for the REGs in a REG bundle. In time domain, this definition can be used to enhance channel estimation performance or coding gain. In terms of channel estimation, the full loaded RS (i.e., the UE can assume that all REGs have RS) can used to suppress noise by averaging channel estimates of each REG within a bundle. The front loaded RS (i.e., the UE can assume that only the first REG in each PRB has RS) can increase coding gain by RS overhead reduction. Each configuration has merits in different environments. Figure 1 shows a simple simulation results. In this simulation, we assume that the number of REGs for one CCE is 6 and CORESET duration is 2 symbols. As shown in the results, the front loaded RS outperforms the full loaded RS in mid and high coding rate, and it means coding rate is dominant factor in low AL (e.g., AL 1,2) and channel estimation performance is more important in high AL because coding rate is low enough. Based on the simulation result and above discussion, in order to increase time domain bundling performance, aggregation level-specific RS configuration can be considered when time domain bundling is used. 
Proposal 2: The time domain bundle size is associated with a CORESET duration.

Proposal 3: The aggregation level-specific RS configuration can be considered when time domain REG bundling is used.
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Figure 1. Performance of time domain bundling
In addition, time and frequency domain bundling can be used simultaneously to increase channel estimation performance and coding gain. As mentioned above, when the localized mapping and UE dedicated beamforming are used, time/frequency bundling can be used for beamforming gain and coding gain. In the distributed mapping, gNB can configure either time bundling or frequency bundling for each CORESET or no bundling. For additional performance enhancement, inter-CCE bundling can be considered. For example, intra-CCE time bundling with inter-CCE frequency bundling can be used to enhance channel estimation performance and coding gain. For these operations, gNB can configure bundling parameters for each CORESET; time bundle size, frequency bundle size, inter-CCE bundle size etc.
Proposal 4: Inter-CCE bundling can be considered for additional bundling gain.
Proposal 5: A gNB can configure REG bundling parameters for each CORESET. (e.g., bundling domain, bundle size, intra-/inter-bundling)
Wideband RS could be considered for channel estimation performance, measurement (e.g., RLM), and tracking. If the wideband RS is introduced in control channel, REG bundling is also considered on the region where wideband RS is transmitted. Considering the purpose of wideband RS, the precoder cycling scheme is suitable as a transmission scheme in that region. In this circumstance, the UE should know REG bundling information for channel estimation and measurement. Therefore, the gNB should signal precoder pattern or REG sets which indicate same precoded REGs in the region where wideband RS and precoder cycling are configured
Proposal 6: If the wideband RS is transmitted, the REG bundling information could be configured for the region.
Regarding whether REG bundling also applies to CSS, as distributed mapping with precoder cycling would be used for CSS generally, we consider that DMRS bundling can be beneficial even for CSS. Particularly, DMRS bundling would be beneficial for higher AL. In this sense, we propose to support REG bundling for CSS as well.

Proposal 7: REG bundling can be also configurable to CSS.
3. Conclusion
In this contribution, considerations on REG bundling are discussed, and followings are proposed;
Proposal 1: The frequency domain bundle size can be determined by considering resource mapping type and transmission scheme.
Proposal 2: the time domain bundle size is associated with a CORESET duration.

Proposal 3: The aggregation level-specific RS configuration can be considered when time domain REG bundling is used.

Proposal 4: Inter-CCE bundling can be considered for additional bundling gain.

Proposal 5: A gNB can configure REG bundling parameters for each CORESET. (e.g., bundling domain, bundle size, intra-/inter-bundling)

Proposal 6: If the wideband RS is transmitted, the REG bundling information could be configured for the region.
Proposal 7: REG bundling can be also configurable to CSS.
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