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1. Discussion points
In this contribution, major discussion points regarding PDCCH structure are summarized:
· Interleaving matrix for CCE-to-REG mapping (TS38.211 Section 7.3.2.2)
· How NULL elements are inserted into the matrix?
· Details on shift for interleaving using nshift?
· Error case?
· PDCCH scrambling (TS38.211 Section 7.3.2.3)
· Equation to derive cinit?
· PDCCH physical layer mapping (TS38.211 Section 7.3.2.5)
· Correction to the RE mapping description?
· PDCCH DMRS sequence generation (TS38.211 7.4.1.3.1)
· Equation to derive cinit?
· PDCCH DMRS physical layer mapping (TS38.211 7.4.1.3.2)
· Clarification of reference point k and exact mapping pattern?
· PDCCH and SSB collision handling (TS38.213 10)
· Whether to expect no PDCCH transmission or to rate-match the collided REs?
· Pre-defined configuration for RMSI CORESET
· CCE-to-REG mapping
· Precoding granularity


2. Interleaving matrix (TS38.211 Section 7.3.2.2)
Related text in the spec:
	




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.



2.1.	How NULL elements are inserted into the matrix?
Related contributions:
R1-1800067	Summary of remaining issues on PDCCH structure	Huawei, HiSilicon
R1-1800817	Remaining issues and TP on interleaved CCE-to-REG mapping	Huawei, HiSilicon
R1-1800371	Remaining issues on PDCCH strucutre	LG Electronics
R1-1800442	Corrections on PDCCH Structure	Samsung
R1-1800943	On PDCCH structure	Ericsson

Discussions:
· How NULL elements are inserted into the interleaving matrix when the number of inputs is smaller than the number of entries of the matrix?

Possible suggestion to RAN1:
· Select between the proposal in R1-1800817 and R1-1800943 (since they explain the technical benefits).
· Adopt the text proposal in the selected contribution.


2.2.	Details on shift for interleaving using nshift?
Related agreements at RAN1#91:
	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.



Related contributions:
R1-1800067	Summary of remaining issues on PDCCH structure	Huawei, HiSilicon
R1-1800494	Text proposal for PDCCH structure	Guangdong OPPO Mobile Telecom.
R1-1800321	Remaining details and corrections on PDCCH structure	Intel Corporation

Discussions:
· How to derive nshift from the configurable ID or physical cell ID?
· 
 - Huawei (00067)
· nshift = ID (direct application of ID) – OPPO (00494)
· Modify the equation and clarify the definition of nshift – Intel (00321)

Possible suggestion to RAN1:
· Discuss further the proposal in R1-1800321.


2.4.	Error case?
Related contributions:
R1-1800644	Discussion on interleaver formulation	ITRI

Discussions:
· Any error case?
· 
There will have an error case as  is larger than 1 – ITRI (00644)

Possible suggestion to RAN1:
· Check whether there is an error case after all the refinements are done.

3. PDCCH scrambling (TS38.211 Section 7.3.2.3)
3.1.	Equation to derive cinit?
Related texts in the spec:
	


The UE shall assume the block of bits , where  is the number of bits transmitted on the physical channel, is scrambled prior to modulation, resulting in a block of scrambled bits  according to



where the scrambling sequence  is given by clause 5.2.1. 



Related contributions:
R1-1800195	Remaining issues on PDCCH structure	vivo
R1-1800321	Remaining details and corrections on PDCCH structure	Intel Corporation
R1-1800442	Corrections on PDCCH Structure	Samsung
R1-1800943	On PDCCH structure	Ericsson
R1-1800988	Corrections to PDCCH structure	AT&T

Discussions:
· Proposed equations for cinit
	vivo
	When scrambling ID is allocated, the initialization sequence can be constructed by formulation as:

, or


When there is no scrambling ID, time domain information of PDCCH is used to initialize the sequence as：



	Intel
	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.

	Samsung
	


	Ericsson
	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

	AT&T
	. The scrambling sequence generator shall be initialized with


where

-	 equals the higher-layer parameter Data-scrambling-Identity if configured,

-	 otherwise




Possible suggestion to RAN1:
· 
Adopt  as the initialization for the scrambling sequence generator for PDCCH scrambling.
· Time-dependency for PDCCH scrambling does not bring benefit.
· Adopt text proposal in R1-1800943.


4. PDCCH physical layer mapping (TS38.211 Section 7.3.2.5)
4.1	Correction to the RE mapping description?
Related contributions:
R1-1800129	PDCCH DMRS reference point and other remaining issues	ZTE, Sanechips
R1-1800285	Remaining issues on PDCCH structure	Spreadtrum Communications
R1-1800321	Remaining details and corrections on PDCCH structure	Intel Corporation
R1-1800442	Corrections on PDCCH Structure	Samsung
R1-1800517	Remaining issues and changes in PDCCH structure	MediaTek Inc.
R1-1800643	Discussion on PDCCH resource mapping	ITRI

Discussions:
· Whether to change the current frequency-first and time-second mapping?
Alt. 1: Frequency first and time second within all REGs used for the monitored PDCCH (Figure 1 left)
Alt. 2: Frequency first within a REG, and then in increasing order of the index of the REGs used for the monitored PDCCH (Figure 1 middle)
Alt. 3: Frequency first and time second within the resource-element groups within a CCE, and then in increasing order of the index of the CCEs used for the monitored PDCCH (Figure 1 right)

[image: ] [image: ]
Figure 1 Two possibilities mapping. (from R1-1800643)

Possible suggestion to RAN1: Further discuss which mapping to be supported. 

Possible suggestion to RAN1:
· It is not straightforward to map RE differently from CCE-to-REG mapping.
· Adopt right figure above.
· Adopt text proposal in R1-1800321.

5. PDCCH DMRS sequence generation (TS38.211 7.4.1.3.1)
5.1	Equation to derive cinit?
Related contributions:
R1-1800067	Summary of remaining issues on PDCCH structure	Huawei, HiSilicon
R1-1800195	Remaining issues on PDCCH structure	vivo
R1-1800321	Remaining details and corrections on PDCCH structure	Intel Corporation
R1-1800494	Text proposal for PDCCH structure	Guangdong OPPO Mobile Telecom.
R1-1800517	Remaining issues and changes in PDCCH structure	MediaTek Inc.
R1-1800889	Remaining issues on PDCCH structure	Qualcomm Incorporated
R1-1800943	On PDCCH structure	Ericsson
R1-1800988	Corrections to PDCCH structure	AT&T
R1-1800818      Correction on DMRS sequence initialization for PDCCH Huawei, HiSilicon
Discussions:
· Proposed equations for cinit
	vivo
	If UE is allocated a scrambling ID, the initialization formulation can be configured by higher layer signaling between:


 or 
Otherwise, the initialization formulation is:



	Intel
	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

	OPPO
	The pseudo-random sequence generator shall be initialized at the start of each slot with 

 
where 

-	 for reference signals transmitted in a CORESET configured by the PBCH 



-	 for reference signals transmitted in a CORESET configured by SIB or dedicated RRC signalling where  is given by the higher-layer parameter PDCCH-DMRS-Initialization-ID, if provided, otherwise 


	MediaTek
	[bookmark: _Hlk500028516]The pseudo-random sequence generator shall be initialised with






where denotes slot index, and denotes the virtual cell ID. The value of is zero unless specified otherwise. The quantities is given by
· 

· 
 
· 



	Qualcomm
	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.


	Ericsson
	The pseudo-random sequence generator shall be initialized with



where  is the OFDM symbol number within the slot and

-	 is given by the higher-layer parameter PDCCH-DMRS-Scrambling-ID if provided and if the higher-layer parameter CORESET-precoder-granularity equals CORESET-REG-bundle-size and the RNTI is equal to C-RNTI

-	 otherwise

	AT&T
	The pseudo-random sequence generator shall be initialized with



where  is the OFDM symbol number within the slot and


-	 and  is given by the higher-layer parameter DL-DMRS-Scrambling-ID if provided


-	 and  otherwise

	Huawei, HiSilicon
	The pseudo-random sequence generator shall be initialized with   



where  is the OFDM symbol number within the slot and

-	for reference signals transmitted in a CORESET configured by PBCH





-	is given by the higher-layer parameter pdcch-DMRS-ScramblingID for reference signals transmitted in a CORESET configured by SIB, if provided, otherwise is comprised of and 6 known bits “000000” which is mapped to LSBs of .    


-	is given by the higher-layer parameter pdcch-DMRS-ScramblingID for reference signals transmitted in a CORESET configured by dedicated RRC signalling.  



Possible suggestion to RAN1:
· Adopt  as the initialization for the scrambling sequence generator for PDCCH DMRS.
· As long as same level of time-domain dependency is applied, no much big difference is seen.
· Adopt text proposal in R1-1800988.

6. PDCCH DMRS physical layer mapping (TS38.211 7.4.1.3.2)
6.1	Clarification of reference point k and exact mapping pattern?
Related agreements:
	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



Related texts in the spec:
	
The UE shall assume the sequence  is mapped to physical resource elements according to


where the following conditions are fulfilled
-	they are within the resource element groups constituting the PDCCH the UE attempts to decode if the higher-layer parameter CORESET-precoder-granularity equals CORESET-REG-bundle-size,
[bookmark: _Hlk498503459]-	all resource-element groups within the set of contiguous resource blocks in the CORESET where the UE attempts to decode the PDCCH if the higher-layer parameter CORESET-precoder-granularity equals the size of the CORESET in the frequency domain.

The reference point for  is 
-	subcarrier 0 of the lowest-numbered common resource block in the CORESET if the CORESET is configured by the PBCH or RMSI,
-	subcarrier 0 in common resource block 0 otherwise

The reference point for  is the first OFDM symbol fo the CORESET.



Related contributions:
R1-1800067	Summary of remaining issues on PDCCH structure	Huawei, HiSilicon
R1-1800129	PDCCH DMRS reference point and other remaining issues	ZTE, Sanechips
R1-1800517	Remaining issues and changes in PDCCH structure	MediaTek Inc.
R1-1800544	Discussion on PDCCH DMRS	CMCC

Discussions:
· How PDCCH DMRS is mapped over the time/frequency domain?



Figure 1.	DMRS sequence mapping rule for PDCCH (from R1-1800817)

	Huawei
		



where
· 
 = NCORESETRB, for the CORESET configured by PBCH/RMSI; 
· 
 = NRSRB, when the reference point for k is subcarrier 0 in common resource block 0 for CORESET configured by UE-specific RRC, where NRSRB is maximum number of RBs used for DMRS mapping;
· n0 = 0, when the reference point for k is subcarrier 0 of the lowest-number common resource block in the CORESET configured by PBCH/RMSI; 
· n0 = NstartRB, when the reference point for k is subcarrier 0 in common resource block 0 for CORESET configured by UE-specific RRC, where NstartRB is the starting RB indexing of the configured CORESET according to the common RB indexing;
· 
l0 is the first symbol index of the monitored CORESET within a slot according to the associated monitoring occasions configured by higher-layer parameter, and the range of is 0~13.


	ZTE
	


	MediaTek
	


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

 (removed)

 (Proposed)




Possible suggestion to RAN1:
· Discuss further, especially concerns from ZTE (00129) and MediaTek (00517).

7. PDCCH and SSB collision handling (TS38.213 10)
7.1	Whether to expect no PDCCH transmission or to rate-match the collided REs?
Related texts in the spec:
	A UE can be configured by higher layer parameter SSB-periodicity-serving-cell a periodicity of half frames for transmission 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.



Related contributions:
R1-1800285	Remaining issues on PDCCH structure	Spreadtrum Communications
R1-1800321	Remaining details and corrections on PDCCH structure	Intel Corporation
R1-1800371	Remaining issues on PDCCH strucutre	LG Electronics
R1-1800889	Remaining issues on PDCCH structure	Qualcomm Incorporated

Discussions:
· Whether to not expect PDCCH when collide with SS block, or rate-matching is applied to the PDCCH?
· Not expect – Spreadtrum (00285), Intel (00321), Qualcomm (00889)
· Rate-matching – LGE (00371)

Possible suggestion to RAN1:
· Discuss further.

8. Pre-defined configuration for RMSI CORESET
8.1	CCE-to-REG mapping
	Ren Da’s summary:
Background
For RMSI CORESET configuration, CCE to REG mapping mode have not been agreed yet.
Submitted Proposals:
Proposals from R1-1800174
· For RMSI CORESET, interleaved CCE-to-REG mapping mode is adopted.

Proposals from R1-1800804
Adopt interleaved CCE-to-REG mapping for RMSI CORESET.
Use 3-row interleaver for interleaved CCE-to-REG mapping for RMSI CORESET

Proposals from R1-1800894
Propose to define the RMSI CORESET CCE to REG mapping type to a fixed interleaved type with all the necessary parameters required from higher layers in current specification to be also fixed.



Possible suggestion to RAN1:
· Adopt interleaved CCE-to-REG mapping for RMSI CORESET.
· Discuss further interleaving size.

8.2	Precoding granularity
	Ren Da’s summary:
Background
For RMSI CORESET configuration, CORESET-precoder-granularity is not decided yet.
Submitted Proposals:
Proposals from R1-1800174
· For CORESET configured by PBCH, the same precoding in the frequency domain is applied within a REG bundle, the size of which is 6 REG.

Proposals from R1-1800804
When trying to decode PDCCH configured by PBCH or RMSI, UE shall assume that DMRS are only present within the resource element groups constituting the PDCCH.
For CORESET configured by PBCH, UE shall assume that CORESET-precoder-granularity equals to CORESET-REG-bundle-size.

Proposals from R1-1800894
· Proposal 2	Propose to define the RMSI CORESET precoder granularity to a fixed value or to be tied to other know parameters.



Possible suggestion to RAN1:
· Discuss further.
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