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Background
In RAN1 #87, the following agreements were made for NR [1].

	Agreements:
· At least for single-stage DCI design:
· A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information
· The PRBs may or may not be frequency contiguous
· A UE may have one or more control resource sets
· Working assumption: One DCI message is located within one control resource set
· In frequency-domain, a PRB is the resource unit size (may or may not including DM-RS) for control channel

Agreements:
· when the control resource set spans multiple OFDM symbols, NR support a control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol
· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)




Moreover, in RAN1 NR ad hoc meeting at January, the following agreement was made for NR [2].

	Agreements:
· NR supports at least following functionalities
· A NR-CCE is defined in fixed number of REGs
· FFS: Different REGs can be in the same or different symbols depending on REG to NR-CCE mapping
· FFS: NR-CCE includes the REs assumed for UE-specific DMRS to demodulate that NR-CCE
· FFS: REG to NR-CCE mapping within a control resource set is frequency first, time first or gNB configurable
· FFS: Down selection of REG to NR-CCE mapping
E.g. K can be 1, 2, 4, or 8, etc




In this contribution, we present our views on CCE to REG mapping design for NR.
Discussion
According to the agreement made at RAN1#87 meeting, NR supports a control channel candidate to be mapped to a single OFDM symbol or to multiple OFDM symbols when the control resource set spans multiple OFDM symbols. Thus, PDCCH mapping should be considered in the case of both a single OFDM symbol and multiple OFDM symbols.
For a PDCCH mapped to a single OFDM symbol
Figure 1 shows an example of NR-CCE to NR-REG mapping for a PDCCH mapped to a single OFDM symbol. Figure 1(a) shows a contiguous mapping in frequency domain, and Figure 1(b) shows a non-contiguous mapping in frequency domain.
The contiguous mapping is useful for frequency selective scheduling if some channel state information is known to the gNB. Further, PRB bundling can be easily applied so that channel estimation performance is improved. Transmit diversity gain can be obtained within a NR-CCE when PRB bundling is not applied, since precoder can be different per NR-REG. Channel estimation performance and transmission diversity depends on granularity of precoders. 
Observation 1: With contiguous mapping, channel estimation performance and transmission diversity depends on granularity of precoders.
The non-contiguous mapping can bring frequency diversity gain even with a single antenna transmission at the gNB side. The diversity gain is comparable to the transmit diversity gain by contiguous mapping. However, PRB bundling at least for a single NR-CCE is not applicable.
Observation 2: With non-contiguous mapping, diversity gain can be obtained even with a single antenna transmission at the gNB side.
[image: ] 
Figure 1: NR-CCE to NR-REG mapping for a PDCCH mapped to a single OFDM symbol
For a PDCCH mapped to multiple OFDM symbols
If PDCCH is mapped to multiple OFDM symbols, a single NR-CCE includes multiple NR-REGs in a single PRB. In this case, following two options can be considered in terms of association between NR-REG and DMRS for demodulation of the NR-REG.
(a) All the NR-REGs include DMRS.
(b) Some NR-REGs include DMRS, but some others do not.
[image: ]
Figure 2: PDCCH mapping in the case of the single OFDM symbol
At the same time, from the time domain precoding granularity point of view, another two options can be considered, too. For a given NR-CCE,
(i) A same precoder applies to multiple NR-REGs in a PRB.
(ii) Precoders apply with per NR-REG basis.
[bookmark: _Hlk473821848]Option (a) with (i) can improve channel estimation accuracy, since the multiple DMRS in different NR-REGs can be jointly used for single channel estimation. Channel estimation performance does not degrade even when time fluctuation is very high (e.g. high speed UE), since this option has sufficient DMRS granularity in time domain. For Option (a) with (ii), the UE can obtain the similar diversity gains as in the PDCCH mapped to a single OFDM symbol.
Option (b) provides DMRS overhead reduction. In Option (b) with (i), channel estimation performance is almost the same as Option (a) with (ii) unless the channel varies too rapidly. The number of diversity branches is exactly the same as in Option (a) with (i). In contrast, Option (b) with (ii) achieves more diversity gains though the precoding schemes have to be pre-determined. This limitation prevents applicability of frequency selective scheduling based on the channel state information. 
Observation 3: Tradeoff among DMRS overhead, diversity gain and channel estimation accuracy is seen, as shown in Table 1.
Table 1: DMRS and precoder granularities
	
	(i) A same precoder applies to multiple NR-REGs in a PRB.
	(ii) Precoders apply with per NR-REG basis.

	(a) All the NR-REGs include DMRS.
	Pros: accurate channel estimation
	Pros: high diversity gains

	(b) Some NR-REGs include DMRS, but some others do not.
	Pros: low RS overhead
	Pros: low overhead and high diversity gains
Cons: no frequency selective scheduling



Based on the above observations, a good balance among channel estimation performance, diversity gains, and DMRS overhead should be considered.
Proposal: A good balance among channel estimation performance, diversity gains, and DMRS overhead should be considered.
Conclusion
In this contribution, we have the following observations:
Observation 1: With contiguous mapping, channel estimation performance and transmission diversity depends on granularity of precoders.
Observation 2: With non-contiguous mapping, diversity gain can be obtained even with a single antenna transmission at the gNB side.
Observation 3: Tradeoff among DMRS overhead, diversity gain and channel estimation accuracy is seen, as shown in Table 1.
In this contribution, we have the following proposal:
Proposal: A good balance among channel estimation performance, diversity gains, and DMRS overhead should be considered.
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