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Introduction
In this contribution we discuss remaining open issues on PDCCH structure as follows:
· Shift for Non-Interleaved CCE-to-REG Mapping 
· Max Number of Disjoint Chunks of CORESET
· PDCCH Resource Mapping
Shift for Non-Interleaved CCE-to-REG Mapping
For interleaved CCE-to-REG mapping, the cyclic shift allows that a different pattern can be exploited by neighbouring cells. Similarly, it is beneficial to allow a cyclic shift even for non-interleaved case to randomize the pattern and not to completely align CCE among neighbouring cells. The text proposal in 38.211 7.3.2.2 is as follows.
--------------------------------------------------------- Beginning of change -------------------------------------------------------------


For non-interleaved CCE-to-REG mapping, and    
-	  for a PDCCH transmitted in a CORESET configured by the PBCH or SIB1, and 

-	otherwise,  is given by the higher-layer parameter CORESET-shift-index.
----------------------------------------------------------- End of change ------------------------------------------------------------------
[bookmark: prop_shift]Proposal 1: Introduce a cyclic shift for non-interleaved CCE-to-REG mapping.
Max Number of Clusters for WB RS
Network is allowed to configure the CORESET in the way such that the CORESET cconsists of disjoint chunks of contiguous RBs. This provides some flexibility to utilize non-contiguous frequency resource in a single CORESET. However, the more disjoint chunks there are in the CORESET the more fragmental the CORESET becomes and the more processing complexing can be expected. In our opinion, the maximum number of disjoint chunks should be restricted so that processing complexity is not increased for some unnecessary flexibility.
When a CORESET overlaps with a SSB or a reserved resource set, the CORESET is split into disjoint clusters of contiguous RBs. We consider a worst case that the CORESET can overlap up to two resource sets including the SSB and a reserved set whenever WB RS is configured for the CORESET. Therefore, the maximum number of clusters of contiguous RB is 3. If CORESET overlaps with more than 2 resource sets, the network can either configure two CORESETs each with at most 3 clusters or NB RS in configured for the CORESET.
[bookmark: prop_cluster]Proposal 2: The maximum number of clusters of contiguous RBs of a CORESET is 3.
PDCCH Resource Mapping
1.1 Resource Mapping Rule
In RAN1 90 [1], the following agreement was made to define the CCE-to-REG interleaving operation of the PDCCH.
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
The agreement was later translated in the 38.211 section 7.3.2.2 and is, as of version v15.1.0
=================================== Spec Text Start =====================================
7.3.2.2	Control-resource set (CORESET)



A control-resource set consists of  resource blocks in the frequency domain, given by the higher-layer parameter CORESET-freq-dom, and  symbols in the time domain, given by the higher-layer parameter CORESET-time-dur, where  is supported only if higher-layer parameter DL-DMRS-typeA-pos equals 3.
A control-channel element consists of 6 resource-element groups (REGs) where a resource-element group equals one resource block during one OFDM symbol. Resource-element groups within a control-resource set are numbered in increasing order in a time-first manner, starting with 0 for the first OFDM symbol and the lowest-numbered resource block in the control resource set.
A UE can be configured with multiple control-resource sets. Each control-resource set is associated with one CCE-to-REG mapping only.
The CCE-to-REG mapping for a control-resource set can be interleaved or non-interleaved, configured by the higher-layer parameter CORESET-CCE-REG-mapping-type, and is described by REG bundles:





-	REG bundle  is defined as REGs  where  is the REG bundle size, , and  is the number of REGs in the CORESET



-	CCE  consists of REG bundles  where  is an interleaver


For non-interleaved CCE-to-REG mapping,  and .





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

-	 for a PDCCH transmitted in a CORESET configured by the PBCH or SIB1, and 

-	otherwise  is given by the higher-layer parameter CORESET-shift-index.

The UE is not expected to handle configurations resulting in the quantity  not being an integer.
For both interleaved and non-interleaved mapping, the UE may assume 

-	the same precoding being used within a REG bundle if the higher-layer parameter CORESET-precoder-granularity equals  
-	the same precoding being used across the all resource-element groups within the set of contiguous resource blocks in the CORESET if the higher-layer parameter CORESET-precoder-granularity equals the size of the CORESET in the frequency domain


For a CORESET configured by PBCH the UE may assume, , , and the same precoding being used within a REG bundle.
===================================== Spec Text End =====================================
This section describes how the CCEs are mapped to REGs in a CORESET by using an interleaving operation consistent with the agreement made in RAN1 90bis.  
The final PDCCH RE mapping rule is described in Section 7.3.2.5 
===================================== Spec Text Start ====================================
7.3.2.5	Mapping to physical resources






The UE shall assume the block of complex-valued symbols  to be scaled by a factor  and mapped to resource elements  used for the monitored PDCCH and not used for the associated PDCCH DMRS in increasing order of first , then . The antenna port .
===================================== Spec Text End =====================================
This mapping rule, only specifies that the complex-valued symbols for the monitored PDCCH are written in frequency first and time second, which is desirable to reduce latency, but does not reflect the original permutation introduced by the interleaver described in Section 7.3.2.2.; therefore, only the distribution introduced by the CCE-to-REG mapping operation is leveraged.
1.2 Interleaved vs Distributed PDCCH
1.2.1 Distributed PDCCH
The operation currently described in 38.211 only achieves a distribution operation of the PDCCH complex-valued symbols.

Let’s suppose we have a CORESET with 3 OFDM symbols and 18 REGs made of 6 REG bundles of size  is 3. The CCE-to-REG mapping is interleaved with CORESET-interleaver-size of 2.
We can fit 3 CCEs in such CORESET and
· 
CCE 0 is mapped to REG bundles with indices ;
· 
CCE 1 is mapped to REG bundles with indices ; 
· 
CCE 2 is mapped to REG bundles with indices ;

We can have 
· three PDCCH with aggregation level 1, respectively being mapped to REG bundles (0, 3), (1, 4), (2, 5), where the PDCCH sequence is written frequency first in those REG bundles.
· one PDCCH with aggregation level 2, mapped to REG bundles (0,1,3,4). Because the mapping is done frequency first the order of the interleaver sequence is ignored.

1.2.2 Interleaved PDCCH
A truly interleaved PDCCH is similar to the VRB-to-PRB mapping of PDSCH defined in Section 7.3.1.6.
For the same example as before, the CCE-to-REG mapping remains the same 
· 
CCE 0 is mapped to REG bundles ;
· 
CCE 1 is mapped to REG bundles ; 
· 
CCE 2 is mapped to REG bundles ;

If the interleaver order is retained during the final PDCCH mapping, we now have 
· three PDCCH with aggregation level 1, respectively being mapped to REG bundles (0, 3), (1, 4), (2, 5), where the PDCCH sequence is written frequency first in those REG bundles.
· one PDCCH with aggregation level 2, mapped to REG bundles (0,3,1,4), in that order. 

[image: ]
Figure 1 - Receiver deinterleaves first before extracting CCEs
Retaining the permutation order, simplifies both the transmitter and receiver implementation because the PDCCH is mapped to its assigned CCEs in natural order and then the CCEs are mapped (interleaved or not) to physical REGs. A UE then only needs to deinterleave the received samples and then extracts contiguous blocks of LLRs for different blind decode hypotheses. With the distributed approach it is impossible to deinterleave first, introducing unnecessary design complexity. 
1.3 Text Proposal for PDCCH Interleaving
This is a text proposal for introducing PDCCH Interleaving to 211, using as a reference the CR endorsed R1-1805793 capturing agreements RAN1 #92bis. 
Note that the text proposal mapping CCE to REG is analogoug to the operation for PDSCH interleaving from VRB to PRB domain. Thus the PDSCH mapping are provided here for reference.
[bookmark: prop_mapping]Proposal 3: Adopt the TP to make PDCCH interleaved by first mapping to CCE and then interleaving CCEs in frequency domain.
--------------------------------------------------------- Beginning of change -------------------------------------------------------------
[bookmark: _Toc510519379]7.3.1	Physical downlink shared channel
…
[bookmark: _Toc510519384][bookmark: _Hlk500447462]7.3.1.5	Mapping to virtual resource blocks



[bookmark: _Hlk494185391]The UE shall, for each of the antenna ports used for transmission of the physical channel, assume the block of complex-valued symbols  conform to the downlink power allocation specified in [6, TS 38.214] and are mapped in sequence starting with  to resource elements  in the virtual resource blocks assigned for transmission which meet all of the following criteria: 
-	they are in the virtual resource blocks assigned for transmission. 
[bookmark: _Hlk494798725]-	they are declared as available for PDSCH according to clause 5.1.4 of [6, TS 38.214]
-	the corresponding resource elements in the corresponding physical resource blocks are
-	not used for transmission of the associated DM-RS or DM-RS intended for other co-scheduled UEs as described in clause 7.4.1.1.2
-	not used for non-zero-power CSI-RS according to clause 7.4.1.5, except for non-zero-power CSI-RSs configured by the higher-layer parameter CSI-RS-Resource-Mobility in the MeasObjectNR IE.
-	not used for PT-RS according to clause 7.4.1.2
[bookmark: _Hlk494797914]-	not declared as 'not available for PDSCH according to clause 5.1.4 of [6, TS 38.214]
-	not used by the PDCCH scheduling the PDSCH transmission and the DM-RS associated with the PDCCH
[bookmark: _Hlk508608225]Any common resource block partially or fully overlapping with an SS/PBCH block shall be viewed as occupied and assumed not used for transmission of PDSCH in the OFDM symbols where SS/PBCH block is transmitted. 




The mapping to resource elements  allocated for PDSCH according to [6, TS 38.214] and not reserved for other purposes shall be in increasing order of first the index  over the assigned virtual resource blocks, where  is the first subcarrier in the lowest-numbered virtual resource block assigned for transmission, and then the index . 
[bookmark: _Toc510519385][bookmark: _Hlk494278129][bookmark: _Hlk494798832]7.3.1.6	Mapping from virtual to physical resource blocks
The UE shall assume the virtual resource blocks are mapped to physical resource blocks according to the indicated mapping scheme, non-interleaved or interleaved mapping. If no mapping scheme is indicated, the UE shall assume non-interleaved mapping.


For non-interleaved VRB-to-PRB mapping, virtual resource block  is mapped to physical resource block , except for PDSCH transmissions scheduled with DCI format 1_0 in a common search space in which case virtual resource block  is mapped to physical resource block  where  is the lowest-numbered physical resource block in the control resource set where the corresponding DCI was received.
For interleaved VRB-to-PRB mapping, the mapping process is defined in terms of resource block bundles:






-	The set of  resource blocks in bandwidth part  with starting position  are divided into  resource-block bundles in increasing order of the resource-block number and bundle number where  is the bundle size for bandwidth part  provided by the higher-layer parameter vrb-ToPRB-Interleaver and
[bookmark: _Hlk504539491]-	resource block bundle 0 consists of [image: ] resource blocks,
-	resource block bundle [image: ] consists of [image: ] resource blocks if [image: ] and [image: ] resource blocks otherwise,
-	all other resource block bundles consists of [image: ] resource blocks.
-	Virtual resource blocks in the interval [image: ] are mapped to physical resource blocks according to
-	virtual resource block bundle [image: ] is mapped to physical resource block bundle [image: ]


-	virtual resource block bundle  is mapped to physical resource block bundle  where 


-	The UE is not expected to be configured with [image: ] simultaneosuly with a PRG size of 4 as defined in [6, TS 38.214]
-	If no bundle size is configured, the UE shall assume [image: ].
The UE may assume that the same precoding in the frequency domain is used within a PRB bundle and the bundle size is determined by clause 5.1.2.3 in [6, TS 38.214]. The UE shall not make any assumption that the same precoding is used for different bundles of common resource blocks. 
[bookmark: _Toc510519386]7.3.2	Physical downlink control channel (PDCCH)
7.3.2.3	Scrambling



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. The scrambling sequence generator shall be initialized with
	[image: ]
where
-	for a UE-specific search space as defined in clause 10 of [5, TS 38.213], [image: ] equals the higher-layer parameter pdcch-DMRS-ScramblingID if configured,

-	 otherwise
and where 
-	[image: ] is given by the C-RNTI for a PDCCH in a UE-specific search space if the higher-layer parameter pdcch-DMRS-ScramblingID is configured, and
-	[image: ] otherwise.
7.3.2.1	PDCCH modulation


The UE shall assume the block of bits  to be QPSK modulated as described in clause 5.1.3, resulting in a block of complex-valued modulation symbols .
[bookmark: _Toc510519387]7.3.2.12	Control-channel element (CCE)
A physical downlink control channel consists of one or more control-channel elements (CCEs) as indicated in Table 7.3.2.1-1.
Table 7.3.2.1-1: Supported PDCCH aggregation levels.
	Aggregation level
	Number of CCEs

	1
	1

	2
	2

	4
	4

	8
	8

	16
	16



[bookmark: _Toc510519388]7.3.2.23	Control-resource set (CORESET)



A control-resource set consists of  resource blocks in the frequency domain, given by the higher-layer parameter frequencyDomainResources in the ControlResourceSet IE, and  symbols in the time domain, given by the higher-layer parameter duration in the ControlResourceSet IE, where  is supported only if higher-layer parameter dmrs-TypeA-Position equals 3.
A control-channel element consists of 6 resource-element groups (REGs) where a resource-element group equals one physical resource block during one OFDM symbol. Resource-element groups within a control-resource set are numbered in increasing order in a time-first manner, starting with 0 for the first OFDM symbol and the lowest-numbered resource block in the control resource set.





The UE shall assume the block of complex-valued symbols  to be scaled by a factor  and mapped in sequence starting with  to a resource element , in increasing order of the control resource elements assigned for transmission according to [5, TS 38.213] , which are not used for the associated PDCCH DMRS. The mapping to resource element , shall be in increasing order of first the index k’ over the assigned control-channel elements, where  is the first subcarrier in the lowest-numbered control-channel element assigned for transmission, and then the index . The antenna port [image: ].
A UE can be configured with multiple control-resource sets. Each control-resource set is associated with one CCE-to-REG mapping only.
The CCE-to-REG mapping for a control-resource set can be interleaved or non-interleaved, configured by the higher-layer parameter cce-REG-MappingType in the ControlResourceSet IE, and is described by REG bundles:





-	REG bundle  is defined as REGs  where  is the REG bundle size, , and  is the number of REGs in the CORESET



-	CCE  consists of REG bundles  where  is an interleaver


[bookmark: _Hlk500448443]For non-interleaved CCE-to-REG mapping,  and .





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



where  is given by the higher-layer parameter interleaverSize and where

-	 for a PDCCH transmitted in a CORESET configured by the PBCH or SIB1, and 

-	otherwise  is given by the higher-layer parameter shiftIndex.

The UE is not expected to handle configurations resulting in the quantity  not being an integer.
For both interleaved and non-interleaved mapping, the UE may assume 

-	the same precoding being used within a REG bundle if the higher-layer parameter precoderGranularity equals  
-	the same precoding being used across the all resource-element groups within the set of contiguous resource blocks in the CORESET if the higher-layer parameter precoderGranularity equals the size of the CORESET in the frequency domain


For a CORESET configured by PBCH the UE may assume, , , and the same precoding being used within a REG bundle.
[bookmark: _Toc510519389]7.3.2.3	Scrambling



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. The scrambling sequence generator shall be initialized with
	[image: ]
where
-	for a UE-specific search space as defined in clause 10 of [5, TS 38.213], [image: ] equals the higher-layer parameter pdcch-DMRS-ScramblingID if configured,

-	 otherwise
and where 
-	[image: ] is given by the C-RNTI for a PDCCH in a UE-specific search space if the higher-layer parameter pdcch-DMRS-ScramblingID is configured, and
-	[image: ] otherwise.
[bookmark: _Toc510519390]7.3.2.4	PDCCH modulation


The UE shall assume the block of bits  to be QPSK modulated as described in clause 5.1.3, resulting in a block of complex-valued modulation symbols .
[bookmark: _Toc510519391]7.3.2.5	Mapping from CCE 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  used for the monitored PDCCH and not used for the associated PDCCH DMRS in increasing order of first , then [image: ]. The antenna port [image: ].

The CCE-to-REG mapping for a control-resource set can be interleaved or non-interleaved, configured by the higher-layer parameter cce-REG-MappingType in the ControlResourceSet IE, and is described by REG bundles:





-	REG bundle  is defined as REGs  where  is the REG bundle size, , and  is the number of REGs in the CORESET



-	CCE  consists of REG bundles  where  is an interleaver


For non-interleaved CCE-to-REG mapping,  and .





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



where  is given by the higher-layer parameter interleaverSize and where

-	 for a PDCCH transmitted in a CORESET configured by the PBCH or SIB1, and 

-	otherwise  is given by the higher-layer parameter shiftIndex.

The UE is not expected to handle configurations resulting in the quantity  not being an integer.
For both interleaved and non-interleaved mapping, the UE may assume 

-	the same precoding being used within a REG bundle if the higher-layer parameter precoderGranularity equals  
-	the same precoding being used across the all resource-element groups within the set of contiguous resource blocks in the CORESET if the higher-layer parameter precoderGranularity equals the size of the CORESET in the frequency domain


For a CORESET configured by PBCH the UE may assume, , , and the same precoding being used within a REG bundle.
----------------------------------------------------------- End of change ------------------------------------------------------------------
Conclusions
In this contribution we have discussed remaining open issues on PDCCH structure and have made the following proposals:
Proposal 1: Introduce a cyclic shift for non-interleaved CCE-to-REG mapping.
Proposal 2: The maximum number of clusters of contiguous RBs of a CORESET is 3.
Proposal 3: Adopt the TP to make PDCCH interleaved by first mapping to CCE and then interleaving CCEs in frequency domain.
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