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1 Introduction
The followings were agreed in previous meeting [1]. 
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:

· 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.
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:

· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.

· PDSCH delivering RMSI are confined within the initial active DL BWP

Agreements:

· A UE is RRC signaled an offset between PRB 0 for common PRB indexing and a reference location 

· For DL in Pcell, the reference location is the lowest PRB of the cell-defining SSB

· For UL in Pcell of paired spectrum, the reference location is the frequency location of the UL indicated in the RMSI

· For Scell, the reference location is the frequency location indicated in the SCell configuration

· For SUL, the reference location is the frequency location indicated in the SUL configuration 

· Note: For UL of unpaired spectrum, the reference location is the same with the DL of the unpaired spectrum.

· Note: the PRB 0 is intended for scrambling initialization, reference point for BWP configuration, etc.

· The range of offset values should be >276*4, with the detailed values FFS

This contribution discusses remaining FFS issues related to PDCCH structure including interleaver design. 

2 Remaining Aspects on PDCCH Structure
2.1 Remaining issues on PDCCH DMRS
DMRS sequence generation

Before RRC connection, since a UE cannot be configured with specific ID and/or scrambling ID which will be used for initialization of DMRS sequence, the cell ID needs to be used for DMRS sequence initialization at least for a CORESET scheduling RMSI. For DMRS sequence generation, the lowest index of RMSI CORESET (i.e., initial active DL BWP) can be employed as a reference point. Also, the maximum length of DMRS sequence can be based on the maximum number of RBs for RMSI CORESET.
Proposal 1: At least for CORESET scheduling RMSI, DMRS scrambling sequence initialization is associated with the cell ID.

Proposal 2: At least for CORESET scheduling RMSI, the lowest PRB of the CORESET scheduling RMSI is a reference point for DMRS sequence generation.

After RRC connection, a UE can be configured with a specific scrambling ID (per CORESET) to generate a shared DMRS sequence. Therefore, for group common and UE-specific search space for interleaved PDCCH, the DMRS sequence can be configured by higher layer signalling. In this case, the configured ID for DMRS sequence initialization is like a virtual cell ID and can enable functionalities such as dynamic point selection. 

For non-interleaved CCE-to-REG mapping, DMRS should be UE-specific to support UE-specific beamforming. A CORESET for UE-specific search space is configured by higher layer signalling after RRC connection establishment. Therefore it is possible to configure DMRS sequence for non-interleaved PDCCH by higher layer signalling in a UE-specific manner. Each UE can have different UE-specific ID and scrambling ID for initialization of DMRS sequence. Using configured UE-specific ID provides good support for transparent MU-MIMO while not overly complicating the specifications.
A UE can be configured an offset between PRB 0 for common PRB indexing and a reference point. The reference point is the lowest PRB of the SSB for DL in PCell and it can be configured by the SCell configuration for DL in SCell. For DMRS sequence generation for RRC configured CORESET, the common PRB index can be used. This is useful for transparent MU-MIMO transmission within the CORESET.
Proposal 3: For CORESET configured by RRC, DMRS scrambling sequence initialization is associated with configured ID by higher layer signalling.
Proposal 4: For CORESET configured by RRC, common PRB index is used for DMRS sequence generation.
DMRS configuration – Wideband RS
DMRS type of a CORESET can be configured by one of between wideband RS and narrowband RS. One remarkable issue is the overlapping scenario between the CORESET#0 configured by wideband RS (DMRS opt 2) and the other CORESET#1 configured by narrowband RS (DMRS opt 1) as shown in the Figure 1. It should be further studied how to handle the DMRS assumption in the overlapped region (red dashed line). Basically, it might be natural to prioritize WB-RS over NB-RS when overlapping occurs since WB-RS is usually used for CSS CORESET conveying important broadcast signals. Assuming this, possible alternatives are as follows:
Alt 1) WB-RS is transmitted in the overlapped region whenever CORESET#0 needs to be monitored. When a UE monitors CORESET#1 simultaneously with CORESET#0, the DMRS configuration is assumed as WB-RS in the overlapped region of CORESET#1.
Alt 2) WB-RS is transmitted in the overlapped region whenever CORESET#0 needs to be monitored. When a UE monitors CORESET#1 simultaneously with CORESET#0, the UE assumes that the CORESET#1 is rate matched around overlapped region.
Alt 3) WB-RS is transmitted in not only CORESET#0 but also CORESET#1 whenever CORESET#0 needs to be monitored. When a UE monitors CORESET#1 simultaneously with CORESET#0, the DMRS configuration is assumed as WB-RS in the whole CORESET#2 region.

Alt 4) The UE assumes nothing in the overlapped region although the UE monitors CORESET#0 and CORESET#1 simultaneously.
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Figure 1. Example of overlapping between CORESETs having different DMRS configuration.
Proposal 5: If CORESETs configured with WB-RS and NB-RS are overlapped, WB-RS is used in the overlapped region.
DMRS for URLLC PDCCH
A straightforward way to improve reliability of PDCCH for URLLC use case is to apply higher aggregation level such as 16 or 32 [5]. Further improvement can be achieved by using higher DMRS density, e.g. 1/3, since channel estimation performance can be a bottleneck of PDCCH BLER in very low coding rate realizations. Then, DMRS structure for URLLC PDCCH including DMRS pattern may be separately designed from DMRS structure for eMBB PDCCH. Such an optimizing approach in PDCCH design for each vertical can give better performance compared to unified design. However, separate design can reduce the flexibility in CORESET configurations, PDCCH multiplexing between different verticals, and so on. Therefore, the effort for minimizing the impact on eMBB PDCCH should be carefully considered if DMRS for URLLC PDCCH is separately designed.
One important design aspect for the PDCCH DMRS for URLLC is the possibility to share DMRS between PDCCH and PDSCH. For example, for PDCCH/PDSCH transmission over two symbols mini-slot, such as for URLLC, the first symbol can be for PDCCH and possibly for PDSCH, and the second symbol can be for PDSCH. If DMRS for PDCCH and PDSCH are transmitted in each of symbol or if DMRS for PDCCH cannot be used for PDSCH, DMRS overhead becomes unacceptably high. For scheduling over few symbols (or in general in less than one slot), re-using the DMRS of PDCCH for PDSCH demodulation/decoding should be supported to make DMRS overhead reasonable. As the current DMRS structure for PDCCH and PDSCH are incompatible, either the DMRS structure for PDSCH should be supported for PDCCH or the reverse.
Proposal 6: Support DMRS sharing between PDCCH and PDSCH for mini-slot based scheduling.
2.2 Mapping PDCCH to physical resources
After QPSK modulation, the block of modulated symbols 
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 to be transmitted on a PDCCH shall be mapped in a set of REs (k, l) where k is frequency index and l is time index. Depending on which granularity is used for defining the set of REs to be mapped in order, following four alternatives can be considered (Note that time-first and frequency-second mapping is assumed.):
Alt 1) PDCCH candidate-level RE mapping 
· A set of REs (k, l) is defined as a group of all REs in a PDCCH candidate to be transmitted. The block of modulated symbols can be mapped in increasing order of l-first and k-second.
Alt 2) CCE-level RE mapping
· A set of REs (k, l)j is defined as a j-th group of all REs in a j-th CCE composing a PDCCH candidate to be transmitted. The block of modulated symbols can be mapped in increasing order of j-first, l-second, and k-third.
Alt. 3) REG bundle-level RE mapping
· A set of REs (k, l)j,i is defined as a (j, i)-th group of all REs in a i-th REG bundle in a j-th CCE composing a PDCCH candidate to be transmitted. The block of modulated symbols can be mapped in increasing order of j-first, i-second, l-third, and k-fourth.

Alt. 4) REG-level RE mapping
· A set of REs (k, l)j,i,q is defined as a (j, i, q)-th group of all REs in a q-th REG in a i-th REG bundle in a j-th CCE composing a PDCCH candidate to be transmitted. The block of modulated symbols can be mapped in increasing order of j-first, i-second, q-third, l-third, and k-fourth.

Figure 2 depicts the examples of above four alternatives for interleaved PDCCH. The BLER performances of all of the alternatives will be similar except for Alt 1 since there is some loss in interleaving gain in physical resources. This is not negligible for polar coded PDCCH since the reliability of each of coded bits is unequal. Therefore, at least PDCCH RE mapping in increasing order of CCE index should be supported.
Proposal 7: The block of modulated symbols to be transmitted on a PDCCH candidate is mapped to physical resources in increasing order of CCE index.
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Figure 2. Four alternatives on PDCCH mapping rules: 

(a) Alt 1. PDCCH candidate-level, (b) Alt 2. CCE-level, (c) Alt 3. REG bundle-level, (d) Alt 4. REG-level
3 Conclusion

This contribution considered remaining issues on PDCCH DMRS structures and resource mapping. Followings are proposed:
Proposal 1: At least for CORESET scheduling RMSI, DMRS scrambling sequence initialization is associated with the cell ID.

Proposal 2: At least for CORESET scheduling RMSI, the lowest PRB of the CORESET scheduling RMSI is a reference point for DMRS sequence generation.

Proposal 3: For CORESET configured by RRC, DMRS scrambling sequence initialization is associated with configured ID by higher layer signalling.
Proposal 4: For CORESET configured by RRC, common PRB index is used for DMRS sequence generation.
Proposal 5: If CORESETs configured with WB-RS and NB-RS are overlapped, WB-RS is used in the overlapped region.

Proposal 6: Support DMRS sharing between PDCCH and PDSCH for mini-slot based scheduling.
Proposal 7: The block of modulated symbols to be transmitted on a PDCCH candidate is mapped to physical resources in increasing order of CCE index.
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