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1. Introduction
In previous meeting, the following progress on the NR-PDCCH structure was achieved [1]. 

	Agreements:
· CCE = 6 REGs (confirm Working Assumption)
· One of following is configured for REG-to-CCE mapping for a 1-symbol CORESET:
· Opt.1: No interleaving – 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are consecutive
· CCE(s) of one PDCCH is/are also consecutive
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· FFS: down selection among {2}, {3}, {2,3}, {2,6}, {3,6}, {2,3,6}
· Note: UE can assume the same precoder within a REG bundle
· For REG-to-CCE mapping for a CORESET with more than 1-symbol;
· REG bundle is defined in time and frequency-domain
· At least support following:
· Time-first mapping where one of the following is configured
· Support REG bundle in time-domain being equal to the CORESET semi-statically configured time duration
· Opt.1: Non interleaving - 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are time and frequency localized
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· FFS: time-domain precoder-cycling
· Support REG bundle in time-domain being equal to 1 symbol, or;
· Support following:
· REG-to-CCE mapping is exactly same as the case where a CORESET with 1 symbol
· A PDCCH candidate can be mapped across OFDM symbols



In this contribution, we will continue the discussion on the remaining issues of NR-PDCCH structure including the size of REG bundles and whether the UE can assume the same precoder across multiple REG bundles. 
2. Discussion
2.1. Size of REG bundle
According the discussion carried out at the last RAN1 meeting, the size of REG bundle will be down selected among {2}, {3}, {2,3}, {2,6}, {3,6}, {2,3,6} for NR-PDCCH with interleaving.  Smaller REG bundle size could result in more diversity order by distributing a NR-PDCCH, while degrades the channel estimation performance. On the other hand, larger REG bundle size could guarantee the channel estimation performance while lose the frequency diversity gain. Therefore, appropriate size/structure of REG bundle achieving good balance between channel estimation and frequency diversity gain should be identified. In this section, link level simulation will be shown to figure out the appropriate REG bundle size/structure. Considering different CONRSET durations, different candidate REG bundle sizes/structures will be evaluated based on the current progress. 
The evaluation cases are summarized as follows and the parameter settings are summarized in the Annex. 

· For CONRSET with 1 OFDM symbol duration
· Candidate REG bundle size: 2, 3, 6
· For CONRSET with 2 OFDM symbol duration
· REG bundle is formed by time-first mapping
· Candidate REG bundle size: 2, 6
· For CONRSET with 3 OFDM symbol duration
· REG bundle is formed by time-first mapping
· Candidate REG bundle size: 3, 6

Fig.1-Fig.3 show the evaluation results for the different CORESET durations. For case of 1 OFDM symbol duration, REG bundle size of 3 shows very slight gain in aggregation level of 1 and aggregation level of 2. For aggregation level of 4, several candidates show similar performance. For aggregation level of 8, REG bundle size of 6 and REG bundle size of 3 show similar performance and both outperforms REG bundle size of 2. As for comparison between REG bundle size of 2 and REG bundle size of 6 in the case of 2 OFDM symbol duration, both options show quite similar performance for the case of aggregation level of 1 and aggregation level 4. For aggregation level of 2, REG bundle size of 2 exhibits better performance than that of REG bundle size of 6. For the aggregation level of 8, REG bundle size of 2 shows inferior performance than that of REG bundle size of 6. For the case of 3 OFDM symbol duration, REG bundle size of 3 outperforms REG size of 6 in aggregation level of 1 and aggregation level of 2. For the other aggregation levels, both candidate size show similar performance. 

Generally, different REG bundle size show similar performance in most cases and exhibit slight difference in some cases. In this case, supporting multiple configurable REG bundle size is not unnecessary. For the case of more than one OFDM symbol duration, it was agreed that REG bundle in time-domain being equal to the CORESET semi-statically configured time duration. Considering very slight gain provided in limited case, we prefer to not support REG bundle size of 6 for CORESET configured with more than one OFDM symbol duration for simplicity. For the case of 1 OFDM symbol, considering REG bundle size of 3 shows slight gain in lower aggregation levels and comparable performance in high aggregation levels, we’d prefer to fix the REG bundle size as 3 for the case of 1 OFDM symbol. 

· Proposal 1: 
· For CORESET configured with 1 OFDM duration, the size of REG bundle is 3
· For CORESET configured with more than OFDM symbol duration and time-first mapping, the size of REG bundle is fixed as the time duration of the CORESET

[image: ]
Figure 1 Comparison for the case of 1 OFDM symbol
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Figure 2 Comparison for the case of 2 OFDM symbols
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Figure 3 Comparison for the case of 3 OFDM symbols
2.2. Same precoder across multiple bundles 
In previous meeting, there has been discussion on whether to apply the same precoder across multiple REG bundles to improve the channel estimation performance in both localized resource mapping and distributed resource mapping. From our perspective, there is no such need to perform inter-REG bundle precoding considering two reasons. The first reason is that the concept of REG bundle was already introduced to improve the channel estimation performance, and configurable REG bundle size can be supported, when there is need on further improving the channel estimation performance, larger REG bundle size can be configured.  Then the motivation by further applying inter-REG bundle precoding seems weak. The second reason is applying inter-REG bundle would impose negative impact on the spatial diversity or beamforming flexibility due to the restriction of precoder usage especially for the NR-PDCCH candidates with lower aggregation level. This restriction would become greater in the nested search space structure. The nested search space structure where the NR-PDCCH candidates with lower aggregation levels are part of the NR-PDCCH candidates with higher aggregation level was regarded one promising solution to reduce the channel estimation effort. Under this search space structure, if the precoding/beamforming is per multi-REG bundle basis, the precoding/beam-forming for PDCCH candidates with lower aggregation level under a specific NR-PDCCH candidate with higher aggregation level is restricted by the precoding/beam-forming applied to the NR-PDCCH candidate with higher aggregation level. Thus, considering the weak motivation and the potential restriction, we prefer not to apply inter-REG bundle precoding. 

· Proposal 2: UEs will NOT assume applying the same precoder across multiple REG bundles. 
3. Conclusion
In this contribution, we discussed the size of REG bundle and share our views on the inter-REG bundle precoding. Our proposals are summarized as follows 

· Proposal 1: 
· For CORESET configured with 1 OFDM duration, the size of REG bundle is 3
· For CORESET configured with more than OFDM symbol duration and time-first mapping, the size of REG bundle is fixed as the time duration of the CORESET
· Proposal 2: 
· UEs will NOT assume applying the same precoder across multiple REG bundles. 
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Table 1 Simulation parameters
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Parameter Value

Carrier frequency 4GHz

Channel model TDL-A , DS=300ns

System bandwidth 20M Hz

Subcarrier spacing 15k Hz

CP overhead 6.6%

UE speed 3km/h

Antenna configuration 2-by-2

DCI  60+16

Channel coding TBCC

Receiver Channelestimation-based

Channel estimation MMSE

Waveform CP-OFDM

Phase-noise Not modelled
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