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1 Introduction
In this contribution, we discuss the remaining issues in PDCCH structure including
· PDCCH physical resource mapping
· Initialization of scrambling sequence

· Initialization of DMRS sequence

· CORESET configurations for RMSI CORESET

· RE collision handling between PDCCH and SSB

2 PDCCH physical resource mapping
Based on the agreements in RAN1 #89 meeting, NR supports multiple REGs are bundled in a time-first manner. But, the physical RE mapping of PDCCH symbols is not clear and should be clarified. In Figure 1, 3 different types of RE mapping are illustrated.

· Mapping (a): the PDCCH symbols are mapped to physical resource elements first in time within a REG bundle and then in frequency.

· Mapping (b): the PDCCH symbols are mapped to physical resource elements first in frequency within a REG and then in time.
· Mapping (c): the PDCCH symbols are mapped to physical resource elements first in frequency within a CCE across different REG bundles and then in time. 

From the perspective of PDCCH performance, the Mapping (a), (b) and (c) yield similar frequency and time diversities, therefore, the PDCCH performance for three mapping types are close. For simplicity, the same mapping rule in LTE can be adopted in NR. The PDCCH symbols are mapped to the minimum physical resource unit, i.e., REG, in DL control channel in a frequency-first manner, and then mapped in time. That is, the Mapping (b) is adopted for the PDCCH physical resource mapping.

Proposal #1: The complex-valued symbols of PDCCH are mapped first in frequency within a REG, and then in time. The text of PDCCH resource mapping in Section 7.3.2.5 of 38.211 is revised as follows.

-------------------------------- Begin of text proposal Section 7.3.2.5 of 38.211 -----------------------------------

The UE shall assume the block of complex-valued symbols 
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 comprising a PDCCH candidate. The block of modulated symbols are mapped in increasing order of first 
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, starting from the first REG bundle in the first CCE., in the resource-element groups used for the monitored PDCCH. 

-------------------------------- End of text proposal Section 7.3.2.5 of 38.211 -------------------------------------
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Figure 1. Illustration of PDCCH resource mapping
3 Initialization of scrambling sequence

The following agreement regarding scrambling sequence is given below. 

Agreements:

· Adopt following text proposal for PDCCH scrambling (TS38.211 Section 7.3.2.3)

The scrambling sequence generator shall be initialized with
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 equals the higher-layer parameter Control-scrambling-Identity if configured and RNTI is equal to C-RNTI, 
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 is C-RNTI for PDCCH in USS, while is 0 for PDCCH in CSS.

When the PDCCH is associated with C-RNTI, the sequence initialization
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 depends on the higher-layer parameter Control-scrambling-Identity; when the PDCCH is associated other types of RNTI, 
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 is equal to cell ID. This leads to larger decoding burden at UE. For example, when UE is configured to monitor DCI format 0_0 and 1_0, the UE needs to monitor DCI formats with CRC scrambled by C-RNTI, CS-RNTI (if configured), SP-CSI-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI and SI-RNTI. In this case, the UE needs to decode one PDCCH candidate twice by using two different scrambling sequences. Therefore, we propose
Proposal 2: The initialization of scrambling sequence does not depend on RNTI type. The text proposal in Section 7.3.2.3 of TS 38.211 is revised as follows.
-------------------------------- Begin of text proposal Section 7.3.2.3 of 38.211 -----------------------------------

The scrambling sequence generator shall be initialized with
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 equals the higher-layer parameter Control-scrambling-Identity if configured, and the RNTI associated with the PDCCH transmission is the C-RNTI,
-

[image: image17.wmf]cell

ID

ID

N

n

=

 otherwise
and where 
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 is given by the C-RNTI for a PDCCH in a UE-specifici search space and  
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-------------------------------- End of text proposal Section 7.3.2.3 of 38.211 -----------------------------------
4 Initialization of DMRS sequence
In the Section 7.4.1.3.1 of TS 38.211, the initialization of DMRS sequence is not provided and should be further defined. In the previous meeting, the following agreement regarding PDCCH DMRS was made. The initialization should include at least symbol index, slot index and configured ID to guarantee the sequence randomization. Because the range of the configured ID is large, we don’t see the need to further introduce more parameters for sequence randomization.
Agreements:

· DM-RS sequence for PDCCH is initialized with an equation with at least symbol index, slot index, and the ID.

· FFS: further randomization to avoid consistent collisions over frames.

· DMRS sequence for PDCCH is generated per symbol.
Proposal #3: The DMRS sequence initialization in Section 7.4.1.3.1 of 38.211 should be further defined.

-------------------------------- Begin of text proposal Section 7.4.1.3.1 of 38.211 -----------------------------------

The UE shall assume the reference-signal sequence 
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where the pseudo-random sequence 
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 is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialised with


[image: image23.wmf](

)

(

)

(

)

31

ID

ID

17

init

2

mod

2

1

2

1

14

2

n

n

l

n

c

s

+

+

+

+

×

=


where 
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is the slot index, and 
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is the symbol index. The quantities 
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-------------------------------- End of text proposal Section 7.4.1.3.1 of 38.211 -------------------------------------
5 CORESET configurations for RMSI CORESET

For the RMSI CORESET, the following parameters have not been decided yet and should be further discussed.

· CCE-to-REG mapping
· Number of rows for interleaver matrix if CCE-to-REG mapping is interleaved

· CORESET-precoder-granularity

The interleaved CCE-to-REG mapping is aimed to achieve better frequency diversity while the non-interleaved CCE-to-REG mapping is used to pursue the beamforming gain when the channel state information of the UE is available at gNB. Since the DCIs transmitted in RMSI CORESET (e.g., system information, paging, etc.) are broadcasted to a group of UEs, the interleaved mapping should be used to strive for the robustness of performance by maximizing the frequency diversity gain.
Proposal #4: For the RMSI CORESET, the interleaved CCE-to-REG mapping is adopted.

For the UE-specific CORESET, the number of rows R of interleaver matrix is configured from {2, 3, 6} for the interleaved CCE-to-REG mapping. However, for the RMSI CORESET, there is no additional bandwidth to configure the parameter via PBCH. It needs to have row number R that can achieve the largest frequency diversity in most cases. When the R-by-C interleaver matrix is more like a square matrix, i.e., R = C, the frequency diversity is better. Therefore, we suggest to have row number R of interleaver matrix to be 3.
Proposal #5: For the RMSI CORESET, the number of rows for interleaver matrix is 3.

The value of CORESET-precoder-granularity of RMSI CORESET has not been agreed yet. Two options are discussed, one is the REG bundle size and the other is the continuous RBs within a CORESET. The argument to make CORESET-precoder-granularity equalling to the continuous RBs within a CORESET is that the PDCCH coverage can be enhanced by improving the channel estimation accuracy. But, for the RMSI CORESET, the REG bundle size is 6 and it is large enough. Compared with PDCCH performance with REG bundle size 6, the coverage improvement by using larger CORESET-precoder-granularity is limited. Moreover, aggregation level 16 can be used when coverage is bad. Therefore, we propose 
Proposal #6: For the RMSI CORESET, only one CORESET-precoder-granularity is supported and equals to the REG bundle size 6.

6 Collision handling between PDCCH and SSB
The search space set configured by UE-specific RRC signalling is likely to be collided with SSB due to its flexibilities in frequency resource, time resource, and monitoring occasion. The following description is captured in Section 10 of TS 38.213 for resource collision handling between PDCCH and SSB. But, the alternative was not explicitly agreed and should be further discussed.
The following alternatives can be considered for resource collision handling.

· Alt 1. Rate-matching (or puncturing) around the SSB REs when decoding PDCCH candidate.
· Considering the complexity and performance for channel estimation, the granularity of rate-matching (or puncturing) is at least on REG bundle level.
· Alt 2. Drop the PDCCH candidate when any RE of the candidate is overlapped with SSB.

Compared with Alt 2, the Alt 1 has better resource utilization. However, the price is higher UE complexity. Therefore, we prefer Alt 2. When the resource collision between PDCCH and SSB is not avoided by network scheduling, the UE is not required to decode the PDCCH candidate having resource collision with SSB.
Proposal #7: When the PDCCH candidate has resource collision with SSB, the UE is not required to decode the PDCCH candidate.
7 Conclusions

In this paper, the remaining issues in PDCCH structure are discussed. The proposals are listed below.
Proposal #1: The complex-valued symbols of PDCCH are mapped first in frequency within a REG, and then in time. The text of PDCCH resource mapping in Section 7.3.2.5 of 38.211 is revised as follows.

Proposal 2: The initialization of scrambling sequence is not dependent on RNTI type. The text proposal in Section 7.3.2.3 of TS 38.211 is revised as follows.

Proposal #3: The DMRS sequence initialization in Section 7.4.1.3.1 of 38.211 should be further defined.

Proposal #4: For the RMSI CORESET, the interleaved CCE-to-REG mapping is adopted.

Proposal #5: For the RMSI CORESET, the number of rows for interleaver matrix is 3.

Proposal #6: For the RMSI CORESET, only one CORESET-precoder-granularity is supported and equals to the REG bundle size 6.

Proposal #7: When the PDCCH candidate has resource collision with SSB, the UE is not required to decode the PDCCH candidate.
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A UE can be configured by higher layer parameter SSB-periodicity-serving-cell a periodicity of half frames for reception of SS/PBCH blocks in a serving cell. If the UE has received SSB-transmitted-SIB1 and has not received SSB-transmitted and if REs for a PDCCH reception overlap with REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted-SIB1, the UE receives the PDCCH by excluding REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted-SIB1. If a UE has received SSB-transmitted and if REs for a PDCCH reception overlap with REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted, the UE receives the PDCCH by excluding REs corresponding to SS/PBCH block indexes indicated by SSB-transmitted.
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