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1. Introduction
In RAN1 #90-Bis [1], the following agreement on CCE-to-REG mapping has been reached.

	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




In RAN1 #91 [2], the following agreements on NR-PDCCH physical structure and DMRS have been reached. 
	Agreements:
· For each CORESET configured by PBCH, physical cell ID is used for DMRS sequence initialization
· Working assumption: For each CORESET configured by RMSI, it can be configured with a configurable ID for DMRS sequence initialization via RMSI (if not configured,  physical cell ID is used for DMRS sequence initialization)
· Working assumption: The value range of the configurable ID is the same as that for physical cell ID
· For each CORESET configured by UE-specific RRC signalling, a UE is configured with a configurable ID for DMRS sequence initialization
· Working assumption: The value range of the configurable ID is the same as that for physical cell ID in Rel-15  NOTE: there is subsequent agreement made in 7.2 which replaces working assumption
Agreements:
· No new RRC parameter is necessary to identify the reference point for DMRS generation for the given CORESET.
· For a CORESET configured by UE-specific RRC signaling, a configurable ID for cyclic shift of the interleaving unit.
· The value range of the configurable ID is {0 - 274}.
· For a CORESET configured by PBCH/RMSI, physical cell ID is used for the cyclic shift of the interleaving unit.
Agreements:
· The same length-31 Gold sequence with LTE is used for scrambling PDCCH and DMRS for PDCCH.
Agreements:
· Reference point for DMRS generation for PDCCH is,
· PRB 0 of common PRB indexing for UE-specific CORESET
· PRB 0 of the initial active DL BWP for CORESET configured by PBCH/RMSI



In RAN1 AH#1801 [3], the following agreements on NR-PDCCH physical structure and DMRS have been reached. 
	Agreements:
· Adopt following text proposal for PDCCH scrambling (TS38.211 Section 7.3.2.3)
==
The scrambling sequence generator shall be initialized with

where

-	 equals the higher-layer parameter Control-scrambling-Identity if configured and RNTI is equal to C-RNTI,  otherwise, and
-	 is C-RNTI for PDCCH in USS, while is 0 for PDCCH in CSS.
==
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.



This contribution, first presents our view on the following remaining details on NR-PDCCH structure and DMRS/scrambling: 
• Interleaved mapping of CCE-to-REG
• PDCCH DMRS sequence generation 
• PDCCH DMRS precoder granularity for CORESET configured by PBCH
Then, it provides our view on some details and observed issues regarding the scrambling on DCI content for NR-PDCCH. 
2. Discussion
2.1 Interleaved mapping of CCE-to-REG
In the latest specification [Section 7.3.2.2, 4], the following text defines the interleaver function for interleaved CCE-to-REG mapping.

	




For interleaved CCE-to-REG mapping, for  and  for  where  is configured by the higher-layer parameter CORESET-REG-bundle-size. The interleaver is defined by 



where  is given by the higher-layer parameter CORESET-interleaver-size and where


-	 is a function of for a PDCCH transmitted in a CORESET configured by the PBCH or RMSI 

-	 is a function of the higher-layer parameter CORESET-shift-index.




According to the above text and the agreement from RAN#1 90-Bis [1], the CCE-to-REG mapping for a CORESET is described in units of REG bundles, and cyclic shifts of the interleaving sequence occur in increments of the interleaving unit, which in this case is the REG bundle. The above equation for the interleaver, f(j) shifts the interleaving sequence in units of the CORESET-interleaver-size instead of the REG bundles and swaps the rows of the matrix with each shift changing the order of the sequence as shown in Fig. 1. 

[image: ]
Figure 1 . Interleaving sequence using the existing equations where  is in units of CORESET-interleaver-size
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[bookmark: _GoBack]Figure 2. Interleaving sequence using the modified equation where  is in units of interleaving unit = 1 REG bundle
However the cyclic shift of the interleaving sequence should occur in units of the REG bundle while maintaining the order of the sequence as shown in Fig. 2. As such, we have the following proposal to modify the equations for the interleaving function in the specification.

Proposal 1:
· Modify the interleaver function [Section 7.3.2.2, 4] as follows

	




For interleaved CCE-to-REG mapping, for  and  for  where  is configured by the higher-layer parameter CORESET-REG-bundle-size. The interleaver is defined by 


where  is given by the higher-layer parameter CORESET-interleaver-size and where


-	 is a function of for a PDCCH transmitted in a CORESET configured by the PBCH or RMSI 

-	 is a function of the higher-layer parameter CORESET-shift-index. 

     -    is a cyclic shift of the interleaving unit which is an REG bundle



2.2 PDCCH DMRS sequence generation
[bookmark: p4]For DM-RS sequence generation, given that both symbol level and slot level CORESET are supported for PDCCH, the initialization seed of DM-RS sequence for PDCCH can be defined as a function of starting symbol index of the configured CORESET, slot index and virtual cell ID. In this regard, different DM-RS sequences may be generated with different starting symbols for the CORESET, which can help to avoid consistent interference when symbol level CORESET is configured. Moreover, if PDCCH DMRS sequence randomization is only applied within one radio frame, e.g., by using only slot index in PDCCH DMRS sequence initialization, due to the periodicity of PDCCH scheduling RMSI, for some cells with specific PCI relationship, e.g., PCI_cell1 = 2PCI_cell2, it is shown from [5] that cross-correlation property of DMRS of PDCCH scheduling RMSI can be noticeably far from ideal case. Therefore it can be advantageous to incorporate SFN into the PDCCH DMRS sequence initialization. According to the above agreement, same length-31 Gold sequence with LTE is used for scrambling PDCCH and DMRS for PDCCH. As such, we propose the following equations to define the initialization values for PDCCH DMRS and scrambling sequence.
[bookmark: p2]Proposal 2: 
· For PDCCH DM-RS sequence generation, include the following text in [Section 7.4.1.3.1, 4] The pseudo-random sequence generator shall be initialised with






at the start of first PDCCH OFDM symbol where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  equals the higher-layer parameter PDCCH-DMRS-ScramblingID, and  for CORESET configured by PBCH


2.3 PDCCH precoding granularity for RMSI CORESET 
[bookmark: p3]Since the REG-to-CCE mapping, REG bundling size and precoder granularity for RMIS CORESET are not signaled in PBCH, they all need to be set to default value so that UE can properly receive PDCCH scheduling RMSI. To have robust reception performance of PDCCH scheduling RMSI, as suggested in [5], the following default values can adopted for these parameters
· CORESET-CCE-to-REG-mapping-type: interleaved
· CORESET-REG-bundle-size: 6
· CORESET-precoder-granularity: CORESET-REG-bundle-size

Proposal 3: 
· For PDCCH scheduling RMSI, the following parameters shall be defined with the proposed default values for CORESET 0 in the initial DL BWP:
· CORESET-CCE-to-REG-mapping-type: interleaved
· CORESET-REG-bundle-size: 6
· CORESET-precoder-granularity: CORESET-REG-bundle-size
3. Scrambling on DCI contents for NR-PDCCH
According to the agreement made during last meeting, the scrambling sequence generator is initialized with


where   equals the higher-layer parameter Control-scrambling-Identity if configured and RNTI is equal to C-RNTI,  otherwise, and   is C-RNTI for PDCCH in USS, while is 0 for PDCCH in CSS.
One concern regarding this agreement is the presence of C-RNTI in the scrambling initialization, on top of the existing C-RNTI in the CRC mask. If UE specific scrambling is applied, then false alarm can occur in some cases due to possible codeword transition by blind decoding operation, i.e., one user can successfully decode another user’s message. For example, assuming the codeword of scrambled encoded bits for a certain UE is X, during blind decoding operation by another UE, the codeword including CRC bits can be changed into the state of which CRC check could say successful decoding.
To verify this, we tested whether UE1’s DCI can pass UE2’s CRC check over a noise free link. The link level simulation chain of Polar encoding, CRC application, masking and scrambling using one RNTI, and descrambling, decoding, de-masking and CRC check with another RNTI, is illustrated in Figure 1. Detailed simulation assumptions are tabulated in Appendix.



[bookmark: _Ref336539228]Figure 3 Link level simulation chain for false alarm test due to UE specific scrambling initialization

With UE-specific scrambling initialization, during the steps of de-scrambling/decoding/de-masking for the intended UE2 when the signal is for UE1, the CRC checked bits could be transitioned into another codeword. With this, the CRC can pass after decoding although CRC check should have failed. 
Several false detection cases have been observed by the link level simulation under noise-free environment, where with given UE RNTIs and DCI bits, when the DCI is transmitted with scrambling by UE1 RNTI, the decoding by UE2 RNTI can show CRC-pass with UE specific scrambling initialization. Here we list few examples of such cases:


Case 1:
DCI Bits: [1	1	0	1	1	0	0	1	1	1	0	1	1	0	1	0	0	1	1	1	1	0	1	1	1	1	1	0	1	0	1	0	0	0	0	1	1	0	1	0];
(UE1 RNTI, UE2 RNTI) pairs: (8524, 41292), (8543, 41311), (8482, 41250), (8223, 40991)

Case 2:
DCI Bits: [1	1	0	1	1	0	0	0	0	0	0	1	1	0	1	0	0	1	0	1	1	0	1	1	0	1	1	0	1	0	1	0	1	1	0	1	1	0	1	1]
(UE1 RNTI, UE2 RNTI) pair: (8192, 40960)

Based on the discussions and the observed issues, we propose to remove  from the scrambling sequence initialization function for NR-PDCCH.
Proposal 4: 
· Remove  term from the scrambling sequence initialization function.

On the other hand, time-dependent scrambling can be beneficial considering PDCCH monitoring occasions may be configured for multiple instances within a slot duration and as described in our companion paper [6], can be beneficial in providing diversity gains if PDCCH repetitions are introduced for URLLC support. Thus, we propose the following to be adopted as the scrambling initialization function for NR PDCCH.
Proposal 5: 
· For NR-PDCCH scrambling sequence generation, include the following text in [Section 7.3.2.3, 3] The scrambling sequence generator shall be initialized with





at the start of first PDCCH OFDM symbol where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  equals the higher-layer parameter PDCCH-DMRS-ScramblingID.


4. Conclusions
Given the discussion above, our proposals in this contribution are summarized as follows.
Proposal 1:
· Modify the interleaver function [Section 7.3.2.2, 4] as follows

	




For interleaved CCE-to-REG mapping, for  and  for  where  is configured by the higher-layer parameter CORESET-REG-bundle-size. The interleaver is defined by 


where  is given by the higher-layer parameter CORESET-interleaver-size and where


-	 is a function of for a PDCCH transmitted in a CORESET configured by the PBCH or RMSI 

-	 is a function of the higher-layer parameter CORESET-shift-index. 

     -     is a cyclic shift of the interleaving unit which is an REG bundle



Proposal 2:
· For PDCCH DM-RS sequence generation, include the following text in [Section 7.4.1.3.1, 4] The pseudo-random sequence generator shall be initialised with






at the start of first PDCCH OFDM symbol where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  equals the higher-layer parameter PDCCH-DMRS-ScramblingID , and  for CORESET configured by PBCH



Proposal 3: 
· For PDCCH scheduling RMSI, the following parameters shall be defined with the proposed default values for CORESET 0 in the initial DL BWP:
· CORESET-CCE-to-REG-mapping-type: interleaved
· CORESET-REG-bundle-size: 6
· CORESET-precoder-granularity: CORESET-REG-bundle-size

Proposal 4: 
· Remove  term from the scrambling sequence initialization function.

Proposal 5: 
· For NR-PDCCH scrambling sequence generation, include the following text in [Section 7.3.2.3, 3] The scrambling sequence generator shall be initialized with





at the start of first PDCCH OFDM symbol where  is the slot number within a radio frame,  is the OFDM symbol number within a slot, and  equals the higher-layer parameter PDCCH-DMRS-ScramblingID.
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Appendix
Table 1 Simulation assumption
	Parameter
	Value

	SINR
	 Noise free

	Number of DCI bits 
	 40 bits ( without CRC )

	Cell ID
	 0

	Number of UE
	 2

	UE RNTI Value
	 Randomly generated

	PDCCH Aggregation Level
	4

	DCI bits
	 Randomly generated
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