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Introduction
In this contribution we discuss remaining open issues on PDCCH structure as follows:
· PDCCH scrambling
· PDCCH DMRS sequence and DMRS RE mapping
· Shift in CCE-to-REG mapping
· PDCCH RE mapping
PDCCH Scrambling
Agreement from RAN1 NR AH 1801 [6]:
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.
Companies can check whether the above agreements are consistent with previous coding discussion/agreements or not
Working assumption from RAN1-90b [4]:
Working assumption: no additional UE-specific scrambling motivated by channel coding; can be revisited on Thursday or at RAN1#91 if it is shown that valid codeword interference occurs sufficiently frequently to cause significant overall loss in ET gain (in which case, the following examples of scrambling may be considered, provided that the number of required blind decodes is not increased: u-domain or c-domain or before mapping to modulation symbols, or payload scrambling after CRC calculation but before CRC attachment).
Agreement from RAN1-91 [5]:
Agreement:
Confirm the working assumption that there is no additional UE-specific scrambling motivated by channel coding.
According to the agreement from RAN1 NR AH 1801 [6], initialization of PDCCH scrambling sequence generator is determined as follows.
· For CSS
· If RNTI is equal to C-RNTI
·  = Control-scrambling-Identity if configured,  = 0
· otherwise  = , = 0
· If RNTI is not equal to C-RNTI
· = , = 0
· For USS
· If RNTI is equal to C-RNTI
·  = Control-scrambling-Identity if configured, = C-RNTI
· else = , = C-RNTI
· If RNTI is not equal to C-RNTI
· = , = C-RNTI
For both CSS and USS, when Control-scrambling-Identity is configured, a DCI used for C-RNTI and DCIs used for the other RNTIs have different . As a result, two blind decodes are needed to decode a DCI used for C-RNTI and DCIs used for the other RNTIs separately. This is against the working assumption from RAN1-90b and later agreement in RAN1-91 that have the statement “there is no additional UE-specific scrambling motivated by channel coding”. Since RAN1 AH 1801’s agreement has said “Companies can check whether the above agreements are consistent with previous coding discussion/agreements or not” and it does contradict with an early agreement, we should modify the RAN1 AH 1801’s agreement to minimize the number of blind decodes.
To resolve this issue of increased number of blind decodes, we propose to keep only one  across RNTIs per CSS and USS. For CSS, we propose to remove Control-scrambling-Identity from . The reason is that Control-scrambling-Identity is a UE specific parameter and if Control-scrambling-Identity is used for non-C-RNTIs in CSS, all UEs that monitor these RNTIs have to be configured with the same Control-scrambling-Identity. This is against the purpose of defining the UE specific Control-scrambling-Identity. For USS, because C-RNTI is already used to determine CCEs for a UE and CRC is already scrambled with RNTI, there is no need to use the same information in scrambling again. Therefore, we propose to remove C-RNTI from PDCCH scrambling in USS. Note that PDCCH scrambling in USS is still allowed to be based on the Control-scrambling-Identity. 
Based on these, we have the following proposal for PDCCH scrambling.
Proposal 1: For PDCCH scrambling  is determined according to the following in section 7.3.2.3 of TS 38.211
· For CSS, = 
· For USS, = Control-scrambling-Identity if configured; otherwise = 
PDCCH DMRS
In section 7.4.1.3.1 of 38.211, the initialization of c(i) is missing. In the previous meeting, it was agreed that UE-specifically configured scrambling ID will be 16 bits (similarly to PDSCH’s DMRS), as shown below:
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

Where the agreement in 7.2 which is referred to in the above agreement is:
Agreement:
In the DMRS sequence initialization for downlink and uplink CP-OFDM,  
Support UE specific configured scrambling ID with 16 bits
Uplink and downlink can be configured separately
The default value for the scrambling ID is physical cell ID and 6 known bits (ex: fixed as ‘000000’)

The final formula that was decided for PDSCH/PUSCH DMRS is the following: 
[bookmark: _Hlk499654433]Agreement: 
For CP-OFDM DL/UL DMRS sequence initialization, 
· the sequence initialization values should be different for all OFDM symbols within a frame (10ms) and at least the following parameters are used:
· Dynamically signalled  (with value 0 or 1) which is associated with choosing one of the two UE specifically configured scrambling IDs. 
· slot index and OFDM symbol index within a slot (


For PDCCH’s DMRS, as it was the case for PDSCH’s DMRS, and CSIRS,  must depend on the actual OFDM symbol index within the frame, or in other words it should depend from the . For PDCCH’s DMRS there is only one scrambling ID, so the above formula can be reused as follows

Note that since the PDCCH’s DMRS has a comb-4 pattern, which is different than the PDSCH’s DMRS pattern, there is no problem of network deployment, or increased correlation across cells.
Proposal 2: The  for PDCCH’s DMRS should depend on the physical OFDM symbol number within the slot and the slot number (similarly to PDSCH’s DMRS and CSIRS).
Proposal 3: The  for PDCCH’s DMRS is given by the following formula


where  is the OFDM symbol number within the slot.

In RAN1 NR AH 1801 [6], the following agreement requires PDCCH DMRS sequence to be generated per symbol.
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.
In R1-1801291 TS 38.211 [1], mapping of PDCCH DMRS to physical resources is specified by the following formulas.


Figure 1 shows an example that PDCCH DMRS is generated and mapped to physical resources procedure according to above formulas from current TS 38.211 for a PDCCH with time duration of 3 symbols. PDCCH DMRS sequence is generated per symbol and mapped to the DMRS resource per symbol which conforms to the RAN1 NR AH 1801  agreement. However, only  of the PDCCH DMRS sequence is used and the other  is discarded. There was no agreement to support this and we believe this type of DMRS sequence generation was not intended based on per symbol DMRS sequence generation.  In addition, this is a waste of UE computation and battery power.


[bookmark: _Ref506319661][bookmark: _Ref506319651]Figure 1 PDCCH DMRS sequence (left) mapping to DMRS resource elements.
To make use of the PDCCH DMRS sequence more effectively, we propose to adopt the following formula for resource mapping.


Figure 2 exhibits PDCCH DMRS resource mapping with the new formulas. The entire DMRS sequence is now mapped to DMRS resource elements in the corresponding symbol which is clearly more efficient.


[bookmark: _Ref506448877]Figure 2 Proposed PDCCH DMRS sequence (left) mapping to DMRS resource elements.
Proposal 4: PDCCH DMRS is mapped to physical resources according to the following formulas


Shift in CCE-to-REG Mapping
A rectangular interleaver was introduced for interleaved CCE-to-REG mapping for NR PDCCH, where a cyclic shift is allowed to create different interleaving patterns. It was also agreed that the shift is based on the configurable ID or physical cell ID so that a different pattern can be exploited by neighboring cells. Similar to interleaved CCE-to-REG mapping, it is beneficial to allow a cyclic shift even for non-interleaved case to allow randomize the pattern and not to completely align CCE among neighboring cells.
Proposal 5: Introduce a cyclic shift for non-interleaved CCE-to-REG mapping.
It should be noted that the interleaver with R=1 corresponds to non-interleaved mapping. Therefore, the spec impact should be quite minimal. In fact we can have a unified design for both interleaved and non-interleaved CCE-to-REG mapping.
Current agreement is that the shift value is based on the configurable ID or physical cell ID. This means the shift value will be fixed among a set of neighboring cells. In this case, achievable randomization is also fixed among a set of neighboring cells. Therefore, similar to DMRS sequence generation, the shift value can also be randomized w.r.t. the slot index.
Proposal 6: Cyclic shift of the interleaver is based on the ID and slot index.
For example, the following equation can be used to define the cyclic shift.

PDCCH RE Mapping
In the current TS 38.211, it is not clear whether PDCCH DMRS resource elements are excluded when complex-valued symbols of PDCCH are mapped to the physical resources. We propose to clarify this in the specification with the following change.
[bookmark: _Toc500952726]--------------------------------------------------------- Beginning of change -------------------------------------------------------------
7.3.2.5	Mapping to physical resources






[bookmark: _Hlk498433213]The UE shall assume the block of complex-valued symbols  to be scaled by a factor  and mapped to resource elements  not used for PDCCH DMRS in increasing order of first , then , in the resource-element groups used for the monitored PDCCH. The antenna port  .
----------------------------------------------------------- End of change ------------------------------------------------------------------
Proposal 7: Mapping of PDCCH to physical resources excludes resource elements used for PDCCH DMRS.
Conclusions
In this contribution we have discussed remaining open issues on PDCCH structure and have made the following proposals:
Proposal 1: For PDCCH scrambling  is determined according to the following in section 7.3.2.3 of TS 38.211
· For CSS, = 
· For USS, = Control-scrambling-Identity if configured; otherwise = 
Proposal 2: The  for PDCCH’s DMRS should depend on the physical OFDM symbol number within the slot and the slot number (similarly to PDSCH’s DMRS and CSIRS).
Proposal 3: The  for PDCCH’s DMRS is given by the following formula


where  is the OFDM symbol number within the slot.
[bookmark: _GoBack]Proposal 4: PDCCH DMRS is mapped to physical resources according to the following formulas


Proposal 5: Introduce a cyclic shift for non-interleaved CCE-to-REG mapping.
Proposal 6: Cyclic shift of the interleaver is based on the ID and slot index.

Proposal 7: Mapping of PDCCH to physical resources excludes resource elements used for PDCCH DMRS.
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