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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




This contribution presents our view on the following remaining details on NR-PDCCH structure and DMRS/scrambling: 
• Mapping of PDCCH to physical resources
• Interleaved mapping of CCE-to-REG
• PDCCH DMRS/scrambling sequence generation 
• PDCCH DMRS power scaling

2. Discussion
2.1 Mapping of PDCCH to physical resource


Figure 1. CORESET REG map, a monitored PDCCH is allocated to REGs in shadow.  (a) RE mapping in increasing order of frequency first, then time. (b) RE mapping in increasing order of frequency within a REG, and in increasing order of time cross different REGs. 
In the latest specification [Section 7.3.2.5, 3], the following text specifies the PDCCH resource mapping rule:




The UE shall assume the block of complex-valued symbols  to be scaled by a factor  and mapped to resource elements   in increasing order of first , then , in the resource-element groups used for the monitored PDCCH. 



The above text may be interpreted that PDCCH REs are mapped to the selected REGs of a monitored PDCCH in increasing order of first frequency, then time, which is shown in Fig. 1-(a). However PDCCH DMRS is mapped REGs of monitored PDCCH in increasing order of frequency within a REG, and in increasing order of time cross different REGs. It can be beneficial to align the RE mapping schemes of PDCCH and PDCCH DMRS so that the resulting PDCCH RE mapping is illustrated in Fig. 1-(b), i.e., in increasing order of frequency within a REG, and in increasing order of time. As such, we have the following proposal to modify the above text in the specification. 
[bookmark: p1]Proposal 1: 
· Modify the current PDCCH RE mapping text [Section 7.3.2.5, 3] as follows (Please see Section 2.4)
  




The UE shall assume the block of complex-valued symbols  to be scaled by a factor  and mapped to resource elements   in increasing order of first   within a resource-element group, and then in increasing order of the index of, then , in the resource-element groups used for the monitored PDCCH. 


2.2 Interleaved mapping of CCE-to-REG
In the latest specification [Section 7.3.2.2, 3], 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. 2. 

[image: ]
Figure 2. Interleaving sequence using the existing equations where  = CORESET-interleaver-size

[image: ]
               Figure 3. Interleaving sequence using the modified equation where  = 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. 3. As such, we have the following proposal to modify the equations for the interleaving function in the specification.

Proposal 2:
· Modify the interleaver function [Section 7.3.2.2, 3] 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



2.3 PDCCH DMRS and scrambling 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. 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 3: 
· For PDCCH DM-RS sequence generation, include the following text in [Section 7.4.1.3.1, 3] 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


· For 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.


[bookmark: _GoBack]2.4 Power scaling factor for PDCCH and PDCCH DMRS 
In [Section 7.3.2.5, 3], the following text defines the PDCCH RE mapping 
	




The UE shall assume the block of complex-valued symbols  to be scaled by a factor  and mapped to resource elements   in increasing order of first , then , in the resource-element groups used for the monitored PDCCH. 



In [Section 7.4.1.3.2, 3], the following text defines the PDCCH DMRS RE mapping 
The UE shall assume the sequence  is mapped to physical resource elements according to


where the following conditions are fulfilled ……



Further, in [Section 7.4.1.1.2, 3], the following text defines the PDSCH DMRS RE mapping 
	

The UE shall assume the sequence  is scaled by a factor  to conform with the transmission power specified in [TS38.213] and mapped to physical resource elements according to





First, PDCCH DMRS and PDSCH DMRS appear to use same power scaling factor. This is not intended. 
Further, considering QPSK being used for PDCCH, it is not necessary to define the power scaling factors for PDCCH DMRS and PDCCH. The UE does not need this information, and removing such power scaling constraints can also allow the gNB to apply power boosting to PDCCH DMRS REs compared to the PDCCH REs, although in practice, due to no cyclic shifting of the DMRS RE locations, benefits from such power boosting may be limited to noise-limited scenarios. Thus, we propose to remove the two scaling factors for PDCCH and PDCCH DMRS. 
[bookmark: p3]Proposal 4: 
· For PDCCH RE mapping and PDCCH DMRS RE mapping, modify the above text in [Section 7.3.2.5, 3] and [Section 7.4.1.3.2, 3] as follows (i.e., the reference to power scaling is removed from both)
	




The UE shall assume the block of complex-valued symbols  to be scaled by a factor  and mapped to resource elements   in increasing order of first  within a resource-element group, and then in increasing order of the index of, then , in the resource-element groups used for the monitored PDCCH.


 

The UE shall assume the sequence  is mapped to physical resource elements according to


where the following conditions are fulfilled ……

3. Conclusions
Given the discussion above, our proposals in this contribution are summarized as follows.
Proposal 1: 
· Modify the current PDCCH RE mapping text [Section 7.3.2.5, 3] as follows
 




The UE shall assume the block of complex-valued symbols  to be scaled by a factor  and mapped to resource elements   in increasing order of first  within a resource-element group, and then in increasing order of the index of, then , in the resource-element groups used for the monitored PDCCH.


Proposal 2:
· Modify the interleaver function [Section 7.3.2.2, 3] 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 3:
· For PDCCH DM-RS sequence generation, include the following text in [Section 7.4.1.3.1, 3] 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


· For 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.

Proposal 4: 
· For PDCCH RE mapping and PDCCH DMRS RE mapping, modify the above text in [Section 7.3.2.5, 3] and [Section 7.4.1.3.2, 3] as follows (i.e., the reference to power scaling is removed from both)
	




The UE shall assume the block of complex-valued symbols  to be scaled by a factor  and mapped to resource elements   in increasing order of first  within a resource-element group, and then in increasing order of the index of, then , in the resource-element groups used for the monitored PDCCH.


 
	
The UE shall assume the sequence  is mapped to physical resource elements according to


where the following conditions are fulfilled ……
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