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Introduction
[bookmark: _GoBack]The agreements related to REGs to CCE mapping in RAN1#89 are follows.
Agreements:
· CCE = 6 REGs (confirm Working Assumption)
· One of following is configured for REG-to-CCE mapping for a 1-symbol CORESET:
· Opt.1: No interleaving – 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are consecutive
· CCE(s) of one PDCCH is/are also consecutive
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· FFS: down selection among {2}, {3}, {2,3}, {2,6}, {3,6}, {2,3,6}
· Note: UE can assume the same precoder within a REG bundle
· For REG-to-CCE mapping for a CORESET with more than 1-symbol;
· REG bundle is defined in time and frequency-domain
· At least support following:
· Time-first mapping where one of the following is configured
· Support REG bundle in time-domain being equal to the CORESET semi-statically configured time duration
· Opt.1: Non interleaving - 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are time and frequency localized
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET
· FFS: Whether the UE can assume the same precoder across multiple REG bundles
· FFS: time-domain precoder-cycling
· Support REG bundle in time-domain being equal to 1 symbol, or;
· Support following:
· REG-to-CCE mapping is exactly same as the case where a CORESET with 1 symbol
· A PDCCH candidate can be mapped across OFDM symbols

This contribution shows our view on time first mapping/frequency first mapping and REG bundling.

Discussion
Mapping scheme for multiple symbols CORESET without time domain REG bundling
As shown in the introduction, time first mapping was agreed for a CORESET with multiple symbols CORESET with time domain REG bundling. One symbol CORESET is frequency first mapping regardless of it is defined as time first mapping or frequency first mapping. Therefore, the discussion point is the mapping scheme for multiple symbols CORESET without time domain REG bundle.
Multiple symbols CORESET can be realized by either by time first mapping or frequency first mapping. Properties of each scheme can be listed as following.
Time first mapping without time domain REG bundle
· As time first mapping with time domain REG bundle is agreed, only modification is just to disable time domain REG bundling.
· Even if only one PDCCH is assigned within a CORESET, all symbols in A CORESET are used. Therefore, it may be difficult to unused REs for data.
Frequency first mapping without REG bundle in time domain
· Different mapping scheme is required from the case of REG bundle in time domain.
· Depending on the CCE mapping, when only one PDCCH is assigned within a CORESET, the remaining symbols in a CORESET can be utilized for data.
Therefore, the demerit of time first mapping without time domain REG bundle can be control-data reuse. If the data mapping scheme is limited only "square-shape", the mapping efficiency is decreased. On the other hand, if the data mapping scheme is can support non-square-shape by time-frequency resource sharing scheme like proposed in [3], it would not be the issue as just unused frequency domain can be used for data.
Here we further analyses the dynamic reuse by the time first mapping without time domain REG bundling. Even if data mapping scheme is limited to "square-shape" only, multiple CORESETs overlapped in time domain shown in Figure 1 can alleviate the issue. This allows dynamically change the duration of control resource. Note that even if multiple CORESETs are configured, the total number of BD decoding should be same as single CORESET with frequency first mapping without time domain REG bundling. The demodulation outcome (i.e. LLR) obtained in CORESET#2 should be allowed to be used for CORESET#1 in order not to increase the demodulation part of the complexity. The similar is also applied for demodulation outcome obtained in COREEST#2 should be allowed to be used for CORESET#0. Although the similar complexity and similar function can be achieved, to have LLR exchange between CORESETs and to configure more number of CORESETs has the issue on such operation. Frequency first mapping without time domain REG bundling can be simpler overall if data mapping scheme is limited to "square-shape".
[image: ]
[bookmark: _Ref485300671]Figure 1 Overlap of multiple CORESETs with different length
Note that for CORESET without time domain bundling (i.e. for time-domain precoder-cycling), we propose only support interleaving [2].
Proposal 1: If data mapping scheme is not limited to "square-shape", time first mapping without time domain REG bundling should be taken. Unused resource in the frequency can be used by data. If data mapping scheme is limited to "square-shape", frequency first mapping without time domain REG bundling can be considered.

REG bundling size
As one CCE size is 6 REGs were agreed, frequency domain REG bundling size should be limited to certain numbers in time first mapping with interleaving in order to have structured mapping. 
For interleaving mapping,
When CORESET symbol length is 2 (or multiple of 2) with interleaving, frequency domain bundle size should be 3 (or multiple of 3) in order to distribute each 3 REGs per symbol as shown in Figure 2 (a).
When CORESET symbol length is 3 (or multiple of 3) with interleaving, frequency domain bundle size should be 2 (or multiple of 2) in order to distribute each 2REGs per symbol as shown in Figure 2(b).
When CORESET symbol length is 1 with interleaving, frequency domain bundle size can be either 2 or 3. Which one is used can be configured by RRC.
[image: ]                      [image: ]
(a) CORESET symbol length 2                           (b) CORESET symbol length 3 
Figure 2 CORESET with interleaving
In case of non-interleaving, basically same frequency domain REG bundling size as interleaving case should be applied. On the other hand, for aggregation level more than 1, in order to improve channel estimation gain, the same precoder across multiple CCEs should be configurable. However in UE side, UE may implement independent channel estimation for each CCE.

Proposal 2: For multiple symbols CORESET with interleaving, frequency bundle size should be limited to certain size to have structured mapping. For 3 symbol case, frequency domain bundle size should be 3. For 2 symbol case, frequency domain bundle size should be 3.
Proposal 3: For multiple symbols CORESET without interleaving, the same frequency domain REG bundling size applied to multiple symbols CORESET without interleaving. On top, the spec could allow the configuration that more than one CCE can be same precoding.

Although REG bundle is defined in time and frequency-domain, REG bundle is limited to within a CCE or not is not concluded. In case of group common CORESET with interleaving, we don't see the need to limit REG bundle within a CCE as group common CORESET with interleaving is not necessary to beam certain direction but to have diversity is important. On the other hand, in case of UE specific CORESET with interleaving, there can be the possibility that each PDCCH beams certain direction. Therefore, REG bundle should be limited to within a CCE in UE specific CORESET. In case of without interleaving regardless of group or UE specific CORESET, REG bundle should be limited to within a CCE. However, for group CORESET, non-interleaving mapping is not necessity to be supported.

Proposal 4: REG bundle is not limited within a CCE in case of group common CORESET with interleaving. REG bundle is limited within a CCE in the other cases i.e. UE specific CORESET with interleaving and UE specific/group common CORESET without interleaving.


Conclusion
From the discussion, we propose follows
Proposal 1: If data mapping scheme is not limited to "square-shape", time first mapping without time domain REG bundling should be taken. Unused resource in the frequency can be used by data. If data mapping scheme is limited to "square-shape", frequency first mapping without time domain REG bundling can be considered.
Proposal 2: For multiple symbols CORESET with interleaving, frequency bundle size should be limited to certain size to have structured mapping. For 3 symbol case, frequency domain bundle size should be 3. For 2 symbol case, frequency domain bundle size should be 3.
Proposal 3: For multiple symbols CORESET without interleaving, the same frequency domain REG bundling size applied to multiple symbols CORESET without interleaving. On top, the spec could allow the configuration that more than one CCE can be same precoding.
Proposal 4: REG bundle is not limited within a CCE in case of group common CORESET with interleaving. REG bundle is limited within a CCE in the other cases i.e. UE specific CORESET with interleaving and UE specific/group common CORESET without interleaving.

Reference
[1] R1-1711330, "Search space design", Panasonic
[2] R1-1711328, "RS mapping of NR-PDCCH", Panasonic
[3] R1-1711320, "Resource sharing between PDCCH and PDSCH", Panasonic


4

1
3GPP
image1.emf
CORESET#0

CORESET#2 CORESET#1

symbol

0 1 2 3 4 5 6


image2.emf
PRB#0

PRB#1

PRB#2

PRB#3

PRB#4

PRB#5

PRB#6

PRB#7

PRB#8

 symbol #0 #1

PRB#9

PRB#10

PRB#11

PRB#12

PRB#13

PRB#14

PRB#15

NR-CCE

PRB#16

PRB#17


image3.emf
PRB#0

PRB#1

PRB#2

PRB#3

PRB#4

PRB#5

PRB#6

PRB#7

PRB#8

 symbol #0 #1 #2

PRB#9

PRB#10

PRB#11

PRB#12

PRB#13

PRB#14

PRB#15

NR-CCE


