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Following agreements were made in WG1 meeting #88bis [1]:
Agreement:
NR-PDCCH can be mapped contiguously or non-contiguously in frequency with localized or distributed mapping of REGs to a CCE (in the physical domain)
· Note: The number of contiguous REGs in the CCE needs further discussion. 
· Note: Localized/distributed mapping can be achieved without/with interleaving.

Agreements:
· A CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a CORESET
· Definition of a REG bundle: The UE may assume that the same precoder is used for the REGs in a REG bundle and that the REGs in a REG bundle are contiguous in frequency and/or time 
· REG bundling per CCE is supported for NR-PDCCH
· FFS: Whether this applies to common search space
· FFS: Whether all REGs have DMRS or not
· FFS: Whether wideband precoding is supported and the definition of a REG bundle if it is supported
· FFS: whether REG bundle size is different for mapping of NR-PDCCH with or without interleaved mapping of CCE to REGs 
· FFS on REG bundle size
· FFS whether REG bundle size is configurable

Working assumption:
· A NR-CCE is defined as 6 REGs
· Candidate bundle sizes for distributed REG-to-CCE mapping: 2 or 3 REGs if NR-CCE is defined as 6 REGs
· FFS: impact of the NR-CCE definition on CORESET size, CCE aggregation levels, data resource allocation granularity, etc.



NR-PDCCH structure
Based on the current agreements, the NR-PDCCH “logical” structure is shown in the following figures assuming that the NR-CCE consists of 6 NR-REGs with 2 and 3 NR-REG bundling. Logical structure means that the figures do not take into account the physical position of NR-REG bundles either in time or in frequency.
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[bookmark: _Ref481483555]Figure 1 Localized NR-REG to NR-CCE mapping
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[bookmark: _Ref481483560]Figure 2 Distributed NR-REG to NR-CCE mapping
It was agreed that NR-PDCCH can be mapped contiguously or non-contiguously in frequency with localized or distributed mapping of NR-REGs to a NR-CCE (in the physical domain). Contiguous or non-contiguous mapping can be implemented by mapping logical NR-REG bundles to physical NR-REG bundle positions in NR-resource grid.

In both localized and distributed NR-REG to NR-CCE mappings there are three basic parameters to be implicitly or explicitly signaled to UE:
· Bundling size
· Frequency or time-first NR-REG to NR-CCE mapping direction
· Physical NR-REG bundle positions in NR-resource grid

Figure 1 describes three different logical to physical resource mappings (CASE A, CASE B and CASE C). In CASE A, NR-REG bundles can be mapped to any available PRBs in control region. This means that those resources must also be pointed out for terminals blind decoding NR-PDCCH (e.g. in system information). In CASE B and CASE C, NR-REG bundles are spanned symmetrically to the available system bandwidth and it would enough point out the used allocation pattern.
If NR-REG bundle positions for NR-REG to NR-CCE mapping to NR-resource grid are not restricted, i.e. symmetrical mapping to physical recourses is not used, the distributed mapping will complicate the configuration of the used physical recourses. Symmetrical mapping of NR-REGs to physical recourses would also help NR-PDCCH reuse for possible different NR RBG sizes. Allocation patterns could be fitted to NR-RBG size, so that there is no need to separately assign PDSCH reused in control region.

[image: ]
Figure 3 Examples of “symmetrical” physical mapping supporting different PDSCH NR-RBG sizes in control region reuse.

Observation: Distributed NR-REG to NR-CCE mapping will determine the upper limit for the signaling of the used physical recourses (physical NR-REG bundle positions in resource grid).

Proposal: Symmetrical NR-REG bundle to physical recourses mapping should be used in NR.

One of the RAN WG1 meeting #88bis agreement was that NR-CCE may be mapped to NR-REGs with interleaved or non-interleaved NR-REG indices within a CORESET. It was questioned whether NR-REG bundle size is different for mapping of NR-PDCCH with or without interleaved mapping of NR-CCE to NR-REGs.
In LTE interleaving for PDCCH is done REG wise. In LTE used resources for PDCCH among adjacent cells are more probably interfering each other than what will be in NR due to EPDCCH like CORESET definition. If NR-REG bundling is used, one possible solution for interleaving could be NR-REG bundle wise interleaving. 
Observation: Interleaving could also be done in NR-REG bundle wise.

Control resource set definition
Control resource set (CORESET) is similar to the EPDCCH-PRB-Set in LTE (LTE PDCCH has not “set definition”). The CORESET size in time and/or frequency domain is determined  at least according to required maximum aggregation level, the size of NR-REG in resource elements, NR-CCE size in NR-REGs and DCI payload: as a reference the maximum aggregation level for LTE PDCCH is 8, REG size 4 REs, CCE size 9 REGs and maximum payload size around 70 bits for 100 PRB bandwidth.
Table 1 below compares the available number of CCEs/NR-CCEs and resource elements available for different bandwidths in case of LTE PDCCH and NR. 2 OFDM and 3 OFDM symbols allocations correspond to time first allocation of NR-REGs to NR-CCE depicted in Figure 1 and Figure 2. In NR case 33 % DMRS overhead in PRB allocation and 6 NR-REGs per NR-CCE are assumed. LTE PDCCH columns in Table 1 include in addition to the reference symbol overhead also the allocation of PCFICH and PHICH.
Multiple CORESET definition has been discussed as a means to adapt static or rapid channel variations as well as it can be utilized in COMP scenarios. Exemplary CORESET #1 can be configured for localized transmission and CORESET #2 as a fall-back for distributed transmission. Legacy LTE defines 2 EPDCCH-PRB-Sets for enhanced control channel but does not have such a PRB-Set definition for PDCCH.
In order to estimate applicability for existence of multiple CORESETs, the number of available NR-CCEs has to be calculated. Those are listed for different system bandwidths in Table 1. After the maximum NR-CCE number is known, it has to be divided between two CORESETs. Table 2 - Table 4 list all possible CORESET maximum aggregation levels for the lowest system bandwidths thought to be supported for NR.
[bookmark: _Ref481482906]Table 1 Maximum number of available CCEs/NR-CCEs
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[bookmark: _Ref481491715]Table 2 Possible CORESET sizes for 25 PRB bandwidth
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Table 3 Possible CORESET sizes for 50 PRB bandwidth
[image: ]
[bookmark: _Ref481491724]Table 4 Possible CORESET sizes for 100 PRB bandwidth
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For NR-PDCCH aggregation levels up to 8 will be used but also ALs 16 and 32 have been mentioned. From the resource allocation point of view combining the PDCCH control region and EPDCCH like PRB-Set concept does not allow same degrees of freedom than in LTE. In order to support 2 CORESETs with AL 8 at least 50 PRB and 2 OFDM symbols (with time first or frequency first NR-REG to NR-CCE mapping) are required.
Observation: Two CORESET configuration cannot be supported and used as a backup method with all system bandwidths and control region sizes to time dimension.
Common search space (CSS) candidates reserve candidates from two biggest aggregation levels in LTE. If group common search space candidates are transmitted together UE specific candidates within the USS resources they will most probably be transmitted also with the biggest ALs available in analog beam. This increases blocking probability or prevents sending UE specific PDCCHs especially when hierarchical search spaces are used. Thus in challenging channel conditions, when e.g. gNodeB wants to transmit simultaneously downlink assignment, uplink grant and UE group common control, aggregation levels up to 16 are needed.
Observation: Aggregation level 16 should be supported in NR.
Conclusions
In this paper, following observations and proposal were presented:
Observation: Distributed NR-REG to NR-CCE mapping will determine the upper limit for the signaling of the used physical recourses (physical NR-REG bundle positions in resource grid).

Proposal: Symmetrical NR-REG bundle to physical recourses mapping should be used in NR.

Observation: Interleaving could also be done in NR-REG bundle wise.
[bookmark: _GoBack]Observation: Two CORESET configuration cannot be supported and used as a backup method with all system bandwidths and control region sizes to time dimension.
Observation: Aggregation level 16 should be supported in NR.

Reference 
[1]. [bookmark: _Ref470186095][bookmark: _Ref477261139][bookmark: _Ref479755847]3GPP TSG RAN WG1 Meeting #88bis, “RAN1 Chairman’s Notes”
image3.png
Logical mapping
Distributed

NR-REG bundling size 2
Time first

PRB/NR-REG

CASEA

Physical mapping

a9

43
a7
5
a5
@
]

Logical mapping

Distributed
NR-REG bundling size 2
Time first

oy
10 [l
5
s
7
s
i
s
2
1
o
PRB/NR-REG

Physical mapping

a9

ERE &S

_ Couldbe reused

for PDSCH if NR-RBG
size3

Logical mapping
Distributed

NR-REG bundling size 2
Time first

PRB/NR-REG

Physical mapping

a9

43
a7
5
a5
“
2

Could be reused
for PDSCH if NR-RBG
size2




image4.png
[Available | LTE PDCCH LTE PDCCH LTE PDCCH NR NR NR
Bandwidth | 1 OFDM SYMBOL |2 OFDM SYMBOLS | 3 OFDM SYMBOLS | 1 OFDM SYMBOL | 2 OFDM SYMBOLS | 3 OFDM SYMBOLS |
25PRBs 3/136 RES 12/436 REs. 20/736 RES 4/192 REs 8/384 REs. 12/576 RES.
50 PRBs 8/300 RES. 25/900 RES 41/1500 RES. 8/384 REs. 16/768 RES. 25/1200 RES
100 PRBs 17/628 RES. 50/1828 RES. 84/3028 RES. 16/768 RES. 33/1584 RES 50/2400 RES.





image5.png
NR 1 OFDM SYMBOL NR 2 OFDM SYMBOL NR 3 OFDM SYMBOL
4/192 REs. 8/384 RES. 12/576 RES.

CORESET #1 CORESET #2 CORESET #1 CORESET #2 CORESET#L | CORESET#2
size in NR-CCES| sizein NR-CCEs | size in NR-CCEs | size in NR-CCEs | size in NR-CCEs | size in NR-CCEs|
4 ) 4 ) 4 )

- - 4 4 4 4
- - 8 0 8 0
- - - - 8 4





image6.png
NR 1 OFDM SYMBOL NR 2 OFDM SYMBOL NR 3 OFDM SYMBOL
8/384 RES. 16/768 RES. 25/1200 RES.

CORESET #1 CORESET #2 CORESET #1 CORESET #2 CORESET#L | CORESET#2
size in NR-CCES| sizein NR-CCEs | size in NR-CCEs | size in NR-CCEs | size in NR-CCEs | size in NR-CCEs|
4 ) 4 ) 4 )

4 4 4 4 4 4
8 0 8 0 8 0
- - 8 4 8 4
- - 8 8 8 8
- - 16 0 16 0
- - - - 16 4
- - - - 16 8





image7.png
NR 1 OFDM SYMBOL NR 2 OFDM SYMBOL NR 3 OFDM SYMBOL
16/768 RES. 33/1584 Res. 50/2400 RES.
CORESET #1 CORESET #2 CORESET #1 CORESET #2 CORESET#L | CORESET#2

size in NR-CCES| sizein NR-CCEs | size in NR-CCEs | size in NR-CCEs | size in NR-CCEs | size in NR-CCEs|

B ) B ) B )

8 8 8 8 8 8

16 0 16 0 16 0

- - 16 8 16 8

- - 16 16 16 16

- - - - 32 0

- - - - 32 8

- - - - 32 16





image1.png
Localised Localised bundling
NR-REG bundling size2  NR-REG bundling size 3

Frequency first Frequency first Bl necceo
2 2 B v
2 2
2 2 B weecce2
2 2
19 19 B weecces
18 18
17 17
16 16
15 15 Localised
1 1 NR-REG bundling size 2
1 1 Time first
2 2
n n n Localised
10 10 10 NR-REG bundling size 3
s s s Time first
s s s
7 7 7 7
5 5 5 5
s 5 s 5 s s
4 4 4 4 4 4
3 3 3 3 3 3
2 2 2 2 2 as 2
1 1 1 1 1 3 1
o 0 ) 0 ) 01 )

PRB/NR-REG PRB/NR-REG PRB/NR-REG PRB/NR-REG




image2.png
Distributed Distributed bundling
NR-REG bundling size2  NR-REG bundling size 3

Frequency first Frequency first B necceo
2 2 B weeccer
2 2
2 2 B w2
20 2
19 19 B weecces
18 18
17 5 17
16 4 16
15 15 Distributed
1 1 5 NR-REG bundling size 2
1 1 4 Time first
2 2 3
n n n Distributed
10 10 10 NR-REG bundling size 3
s 3 s s Time first
s 2 s s
7 7 7 7
5 5 5 5
s s s s
4 4 4 4
3 3 3 3
2 2 2 2 2
1 1 1 1 1 1
o 0 ) 0 ) )

PRB/NR-REG PRB/NR-REG PRB/NR-REG PRB/NR-REG




