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1. Introduction
[bookmark: _GoBack]CCE-to-REG mapping has been discussed in the last few meetings and some related agreements are listed below:

	Agreements in RAN1#87 meeting:
· NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain
· FFS if resource reuse can be done in time domain as well
· FFS: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data
· FFS: time/frequency granularity of the resource reuse
· FFS: signaling needed, if any

[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Agreements in RAN1#AH_NR2 meeting :
For a 1-symbol CORESET with interleaving, 
· At least REG bundle size = 2 is supported
· Working assumption:
· REG bundle size = 6 is also supported 
· FFS whether configuration between 2 and 6 is explicit or implicit
· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain
For a 2 or 3 symbol CORESET with interleaving, 
· At least REG bundle size = CORESET length is supported
· Working assumption:
· REG bundle size = 6 is also supported 
· FFS whether configuration between CORESET length and 6 is explicit or implicit
· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain
(Note: REG bundle size = REGs in frequency domain x symbols in time domain)

Agreements in RAN1#AH_NR2 meeting:
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following are configured.
· Frequency-domain resources, which may or may not be contiguous
· Each contiguous part of a CORESET is equal to or more than the size of REG-bundle in frequency
· FFS: exact size and number of contiguous parts for a CORESET
· Starting OFDM symbol
· Time duration
· REG bundle size if the configuration is explicit
· Transmission type (i.e., interleaved or non-interleaved)
· More parameters may be added if agreed
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following is configured.
· Monitoring periodicity
· FFS: it is a configuration per CORESET or per one or a set of PDCCH candidates
· FFS: relation with DRX
· FFS: default/fallback value



In this contribution, we further discuss the issues of CCE-to-REG mapping and provide some considerations on size of CORESET and mapping method with interleaving.

2. Discussion
2.1 Size of CORESET
In NR,	a PDCCH candidate consists of a set of CCEs. A CCE consists of 6 REGs. A REG is one RB during one OFDM symbol. As agreed in RAN1#AH_NR2 meeting, frequency-domain resource, starting OFDM symbol and time duration of a CORESET can be configured to UE by UE-specific higher signalling. So, the size (e.g. number of REGs) of the configured CORESET can be configurable and implicitly delivered in this way. In order to utilize resources within a CORESET more efficiently, the size of the CORESET in frequency-domain should be carefully considered. 
Note that the exact size and number of contiguous parts for a CORESET is FFS. We think the total REG number in one CORESET should be  and M is a positive integer. Otherwise, there will be some remaining REGs after CCE-to-REG mapping within the CORESET.
For example, the RB number of the CORESET (resource in frequency-domain) should be a multiple of six for 1-symbol CORESET and a multiple of three and two for 2-symbol and 3-symbol CORESET respectively.
Proposal 1: The number of REGs within a configured CORESET should be a multiple of six. As a result, the size and number of contiguous parts for a CORESET should be decided according to CORESET’s time duration.

2.2 CCE-to-REG mapping with interleaving
It has been agreed that a CCE may be mapped to REGs with interleaved or non-interleaved REG indices within a CORESET and REG bundling per CCE is supported for NR-PDCCH in RAN1#88b meeting. Based on agreements in RAN1 AH_NR2 meeting, for interleaved case, REG bundle size = 2 is supported for 1-symbol CORESET and REG bundle size = 2 and 3 are supported for 2-symbol and 3-symbol CORESET respectively. REG bundle size = 6 is also supported for the 1-, 2- and 3-symbol CORESET as work assumption.
Once a CORESET was configured by UE-specific higher-layer signalling, CCE-to-REG mapping can be done within the CORESET with knowledge of the frequency-domain resources, starting OFDM symbol, time duration, REG bundle size, and transmission type (i.e., interleaved or non-interleaved). For the interleaved case, a straightforward way is to reuse the interleaver defined in LTE (e.g., sub-block interleaver for TBCC).

Take 2-symbol CORESET and REG bundle size = 2 for example. CCE-to-REG mapping with REG bundle can be done if we use the REG bundle indices as input of the interleaver for TBCC [1]. As illustrated in Figure 1, 8 CCEs were mapped to 48 REGs with indices 0~7. In this scheme, REG bundles in a CCE are distributed and indices of CCEs are distributed as well. 
Figure 1 CCE-to-REG mapping with non-contiguous CCE indices
But there is another interleaved scheme illustrated in Figure 2. In this scheme, REG bundles in a CCE are distributed but indices of CCEs are contiguous compared with scheme in figure 1.


Figure 2 CCE-to-REG mapping with contiguous CCE indices
It’s agreed in RAN1#87 that NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain. Assume that one PDCCH with Aggregation level = 4 occupies contiguous 4 CCEs (e.g. CCE 0~3) and then unused control resources in CCE 4~7 can be used for data (see figure 3 below). 


Figure 3 PDCCH-to-CCE mapping
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]As showed in Figure 3(1), the reusable resources (indexed with 4~7) are distributed in CORESET and the granularity in frequency-domain for resource sharing is one RB. However, the granularity in frequency-domain can be alternative between one, two, three and four RBs. It’s agreed that for PDSCH/PUSCH, the RBG size/number can be changed along with the change of the BWP used for resource allocation. It is desirable to make CCE-to-REG mapping compatible with characteristics of NR-PDSCH resource allocation. From this point of view, interleaved pattern in Figure 3(1) is only suitable for resource sharing when RBG size = 1. However, the interleaved result in Figure 3(2) is more flexible for resource sharing between PDCCH and PDSCH because the sharing granularity in CORESET is compatible with RBG size used for NR-PDSCH.
Proposal 2: A NR-PDCCH candidate consists of a set of contiguous CCEs.
Proposal 3: Contiguous CCE indices in CORESET should also be supported in NR.

2.3 Others
At RAN1#AH_NR2 meeting, it was claimed that ‘Note: REG bundle size = REGs in frequency domain x symbols in time domain’. So, we think ‘At least REG bundle size = CORESET length is supported’ and ‘REG bundle size = 6 is also supported’ may cause ambiguity for a 2 or 3 symbol CORESET because REGs in frequency domain and symbols in time domain are not clearly for the two cases. For example, when REG bundle size = 6 is configured, the REG bundle actually can be (6 x 1 or 3 x 2) for a 2-symbol CORESET and (6 x 1 or 3 x 2 or 2 x3) for a 3-symbol CORESET. 
REG bundle size is better to be described as:
For a 2 or 3 symbol CORESET with interleaving, 
· At least REG bundle size = one REG in frequency domain x CORESET length is supported
· Working assumption:
· REG bundle size = 3 x 2 for a 2 symbol CORESET
· REG bundle size = 2 x 3 for a 3 symbol CORESET 
· FFS whether configuration between CORESET length and 6 is explicit or implicit
· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain
(Note: REG bundle size = REGs in frequency domain x symbols in time domain)
Observation: REG bundle size agreed in RAN1#AH_NR2 meeting may cause ambiguity.

3. Conclusion
Based on discussion above, we have following proposals for CCE-to-REG mapping:
Proposal 1: The number of REGs within a configured CORESET should be a multiple of six. As a result, the size and number of contiguous parts for a CORESET should be decided according to CORESET’s time duration.
Proposal 2: A NR-PDCCH candidate consists of a set of contiguous CCEs.
Proposal 3: Contiguous CCE indices in CORESET should also be supported in NR.
For agreements on REG bundle size in last meeting, we have following observation:
Observation: REG bundle size agreed in RAN1#AH_NR2 meeting may cause ambiguity.
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image2.emf
0 1 2 3 4 5 6 7 8 9 10 11

24 25 26 27 28 29 30 31 32 33 34 35

12

36 37 38 39 40 41 42 43 44 45 46 47

13 14 15 16 17 18 19 20 21 22 23

0 1 2 3 4 5 6 7

REG index

CCE-to-REG index

REG bundle

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

Time

Frequency


oleObject2.bin
�

0


1


2


3


4


5


6


7


8


9


10


11


24


25


26


27


28


29


30


31


32


33


34


35


12


36


37


38


39


40


41


42


43


44


45


46


47


13


14


15


16


17


18


19


20


21


22


23


0


1


2


3


4


5


6


7


0


1


2


3


4


5


6


7


0


1


2


3


4


5


6


7


REG index


0


1


2


3


4


5


6


7


0


1


2


3


4


5


6


7


0


1


2


3


4


5


6


7


CCE-to-REG index


REG bundle


Time


Frequency



image3.emf
0 4 2 6 1 5 3 7 0 4 2 6 1 5 3 7 0 4 2 6 1 5 3 7

(1) PDCCH with non-contiguous CCE index

0 4 2 6 1 5 3 7 0 4 2 6 1 5 3 7 0 4 2 6 1 5 3 7

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

(2) PDCCH with contiguous CCE index

Time

Frequency


oleObject3.bin
�

0


0


4


2


6


1


5


3


7


0


4


2


6


1


5


3


7


0


4


2


6


1


5


3


7


0


4


2


6


1


5


3


7


0


4


2


6


1


5


3


7


0


4


2


6


1


5


3


7


(1) PDCCH with non-contiguous CCE index
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(2) PDCCH with contiguous CCE index
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