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1	Introduction
Rel-14 NR study item [1] has been closed and a new Rel-15 WI dealing with New Radio Access Technology [2] has been approved. The work item should specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in [3]. The NR under this work item should consider frequency ranges up to 52.6 GHz.
This contribution deals with the remaining details of PDCCH structure for NR. The following agreements and working assumptions were made in RAN1 #90bis [4].
Agreements: 
· Support for a UE, configurable ID for PDCCH DMRS at least for the initialization of DMRS sequence/scrambling.
· FFS: whether this is used also for other purpose.
· FFS details including the applicability of configurable ID 

Agreements: 
· NR support the following interleaver
· The number of rows A configured from {2, 3, and 6}, and the number of columns (P/A), where P is the number of interleaving unit for the given CORESET, and write in the row and read in the column
· No any further permutation is introduced
· Cyclic shift of the interleaving unit is applied based on the configurable ID which is independent parameter from the configurable ID for DMRS 
Agreements: 
· Confirm the WA: DMRS is evenly distributed within a REG
· DMRS REs are #1, #5, #9

Agreements: 
· DMRS sequence is a Gold sequence as in LTE
· Note: in case if new Gold sequence is introduced for NR, this would be revisited
· DMRS sequence for NR-PDCCH is obtained according to a reference point in frequency domain.
· FFS the reference point

Agreements: 
· Confirm the WA with the following clarifications (in red):
· For each CORESET, precoder granularity in frequency domain is:
· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET
· For ii), DMRS is mapped over all REGs within CORESET.
· RAN1 assumes that CORESET for PDCCH scheduling RMSI can be configured with Option i)
· In Option ii) UE may assume DMRS is present in all REGs within the set of contiguous RBs of the CORESET where and when at least one REG of a candidate is mapped

2	DMRS sequence
The it was agreed in RAN1#90bis that “DMRS sequence for NR-PDCCH is obtained according to a reference point in frequency domain”. However, the actual reference point was left FFS.
We think that reference point for DMRS sequence can be defined in the following way: 
· PRB0 of Initial BWP is used as the reference point when monitoring PDCCH from CORESETs defined for RMSI, OSI and Paging. 
· PRB0 of common indexing is used is used as the reference point when monitoring PDCCH from CORESETs configured by RRC
Proposal #1: Reference point for DMRS sequence for NR-PDCCH is:
· PRB0 of Initial BWP is used when monitoring PDCCH from CORESETs defined for RMSI, OSI and Paging
· PRB0 of common indexing is used when monitoring PDCCH from CORESETs configured by RRC

3	Precoder granularity in time
As said, precoder granularity in frequency is configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET.
Precoder cycling can be applied also in time domain in the scenarios with CORESET length > 1 OFDM symbol. It makes sense to define that by default, precoder cycling granularity in time corresponds to the duration of the REG bundle (=CORESET length) in time. 
Proposal #2: By default, precoder cycling granularity in time corresponds to the duration of REG bundle in time 

In order to support the necessary beam diversity in a multi beam scenario, it should be beneficial to be able to transmit the same DCI via multiple beams using different OFDM symbols. Beam diversity can be achieved by setting precoder granularity in time domain to one OFDM symbol. There are two options to make it, as shown in Figure 1:
· Option 1: time first mapping of REG-to-CCE. Channel estimation is performed jointly on 3 REGs. 
· Option 2: frequency first mapping of REG-to-CCE. Channel estimation is performed jointly on 6 REGs.

[image: ]
Figure 1. Two principles for achieving beam diversity in the case of CORESET with two OFDM symbols.

When comparing these options, it can be noted that with Option 1, beam diversity is available within each REG bundle and within each aggregation level. In the case of Option 2, beam diversity is available only with the highest aggregation levels. Furthermore, Option 1 can be seen as a simpler approach from standardization point of view since it can be done using the current interleaver defined for a multi-symbol CORESET. Furthermore, when configuring REG bundle size 6 the channel estimation can be performed over 3 RBs (2-symbol CORESET), or 2 RBs (3-symbol CORESET). This can  be seen as sufficient for the beam diversity scenario. Based on the discussion, we make the following proposal:
Proposal #3: Support precoder cycling granularity of one OFDM symbol as a configuration option for CORESETs with multiple OFDM symbols.
4	Conclusions
In this contribution, we have discussed the remaining details of PDCCH structure for NR. Based on the discussion, we make the following proposals:
Proposal #1: Reference point for DMRS sequence for NR-PDCCH is:
· PRB0 of Initial BWP is used when monitoring PDCCH from CORESETs defined for RMSI, OSI and Paging
· PRB0 of common indexing is used when monitoring PDCCH from CORESETs configured by RRC

Proposal #2: By default, precoder cycling granularity in time corresponds to the duration of REG bundle in time 
Proposal #3: Support precoder cycling granularity of one OFDM symbol as a configuration option for CORESETs with multiple OFDM symbols.
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