
3GPP TSG RAN WG1 Meeting #90

                                                      R1-1712390
Prague, Czechia, 21st – 25th August 2017
Source:
CATT

Title:
Further details of NR-PDCCH mapping structure
Agenda Item:
6.1.3.1.1.1
Document for:
Discussion and Decision
1 Introduction

Many details of the NR-PDCCH physical layer mapping structure have been agreed at the past few RAN1 meetings. At the RAN1 #NR_AH2 meeting, some more details on the NR-PDCCH structure were agreed as follows [1],
Agreement:
For a 1-symbol CORESET with interleaving, 

· At least REG bundle size = 2 is supported

· Working assumption:

· REG bundle size = 6 is also supported 

· FFS whether configuration between 2 and 6 is explicit or implicit

· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain

For a 2 or 3 symbol CORESET with interleaving, 

· At least REG bundle size = CORESET length is supported

· Working assumption:

· REG bundle size = 6 is also supported 

· FFS whether configuration between CORESET length and 6 is explicit or implicit

· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain

(Note: REG bundle size = REGs in frequency domain x symbols in time domain)

This contribution addresses some remaining issues on CCE-to-REG mapping including support of REG bundle size of 6. 
2 Discussion
In the last meeting, it was agreed that at least REG bundle size=2 is supported for 1 OFDM symbol CORESET and at least REG bundle size= CORESET length is supported for more than 1 OFDM symbol CORESET. The remaining issue is whether to introduce REG bundle size = 6 for each case, and if so, how to indicate the size if more than one REG bundle size is supported.
For different REG bundle size, there is always a tradeoff between transmission diversity obtained for precoder cycling across frequency and improved channel estimation accuracy from REG bundling. At high coding rate (low AL), the diversity gain provided by precoder cycling across smaller bundles is more prominent compared to the reduced channel estimation accuracy. The reverse is the case for high AL, where the diversity gain provided by coding is sufficient enough that channel estimation accuracy plays a much larger role at the SNR region of interest. Results shown in e.g. [3], [5] verify this analysis.   
Proposal: the working assumption can be confirmed to also support REG bundle size of 6.
As the large bundle size is only beneficial in the case of large aggregation level is used, one straightforward method is to tie the large bundle size to the large aggregation level. For example, REG bundle size=6 is only used for AL 8 and the other ALs use the small REG bundle. However, this implicit mechanism may increase the complexity of UE as it has to decode its PDCCH candidates under the umbrella of two different bundle sizes. On the other hand, the channel estimation from the lower aggregation level cannot be reused by the higher aggregation level. This is actually contradictory to the original purpose of hierarchical search space. A more reasonable method is to indicate the size of REG bundle via an explicit indication, e.g. one CORESET is configured with large aggregation level and large REG bundle size.
Proposal: Configuration between CORESET length and 6 should be explicit.

Considering the agreements achieved in the previous meeting, at least the time-first REG-to-CCE mapping is supported when the CORESET includes more than one OFDM symbols..  The time-first CCE-to-REG mapping is a good way to achieve uniform interleaver design between CORESET with one OFDM symbol and CORESET with more than one OFDM symbols. Furthermore, it could avoid the ambiguity of the starting position of data channel after PDCCH. From this point of view, the physical REG could be numbered in time-first order so as to follow the time-first CCE-to-REG mapping. The REG bundle definition could be simpler as one bundle could be constituted by a set of contiguous REGs. The time-first REG numbering could be applied for either interleaving or non-interleaving mapping, as discussed in [3].  Accordingly, the CCE should be numbered in frequency domain first. 
3 Conclusion
This contribution discussed some outstanding details regarding the NR PDCCH structure. The proposals are summarized here as follows,
· Proposal: the working assumption can be confirmed to also support REG bundle size of 6
· Proposal: Configuration between CORESET length and 6 should be explicit.
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