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Introduction
In RAN1 #89, there were agreements on CCE-to-REG mapping and REG bundling for NR-PDCCH as follows [1]:
	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



In this contribution, we provide our view on remaining issues on CCE-to-REG and CCE-to-PDCCH mapping, and REG bundle size for each CCE-to-REG mapping case based on simulation results.

Discussion
Necessity of frequency-first CCE-to-REG mapping
For the CCE-REG mapping, a remaining issue is whether to support frequency-first mapping in addition to the time-first mapping when the CORESET consists of more than 1-symbol. In our view, frequency-first REG mapping is essential for several reasons.
1) Coexistence with group-common PDCCH: The group-common PDCCH should be placed at the first symbol of a slot at least to enable fast SFI acquisition. At the same time, the regular common search space (CSS) can be mapped from the first symbol within a slot. Considering that the group-common PDCCH may occupy only a part of CCEs in the first symbol and may not always be transmitted in every slot, it is natural that the CSS and the group-common PDCCH share the first CORESET symbol.
Let’s assume that the CSS consists of multiple symbols. Then, if time-first CCE-REG mapping is applied to the CSS, a group-common PDCCH, i.e., a set of CCEs in the first symbol, will block relatively large number of overlapped CCEs in the CSS. In the worst case, all CCEs in the CSS will be blocked by the group-common PDCCH transmission. Meanwhile, if frequency-first CCE-REG mapping is used, other than the first symbol in the CSS is safe from the collision.
If it is agreed that group-common DCI is transmitted on CSS, then the frequency-first mapping is the only option to enable separation of group-common DCI and other common DCI by different symbols.
2) Multiplexing between PDCCH and PDSCH: For the multiplexing of PDCCH and PDSCH within a CORESET, both TDM and FDM are agreed to be supported. Between the two options, TDM can be simply realized by indicating the PDSCH start symbol via the scheduling DCI. However, the FDM case is not that simple. Except the pure FDM case, more complicated rate matching or puncturing mechanism may need to be defined and scheduling restriction on some PDCCH candidate may potentially be required just to outperform the non-resource sharing case. Therefore, the TDM-based resource sharing seems to be preferred in practice. Frequency-first CCE-REG mapping is favorable to the TDM since each DCI can be confined in one (or two) symbol.
3) Multi-beam support: Especially for the analog beamforming case, CSS should consist of multiple symbols to accommodate multiple beam-specific DCIs. It was argued that this can be done by configuring multiple 1-symbol CORESETs. However, in terms of signaling overhead, a single CORESET configuration for one CSS seems more efficient considering that the configuration of some CSS will be broadcast as a part of the minimum SI.
4) Performance of CCE aggregation level of one: For USS, PDCCH with CCE aggregation level (AL) of one is expected to be highly utilized. Thus, frequency diversity gain for CCE AL=1 is important. By using the frequency-first CCE-REG mapping, even a single CCE can be split into 2 or 3 REG groups in frequency. However, we note that this can be done by time-first CCE-REG mapping as well if full-loaded DMRS in the time domain is applied.
Observation 1: Frequency-first CCE-REG mapping is beneficial in several identified NR use cases.
Proposal 1: Support frequency-first CCE-REG mapping in addition to the time-first CCE-REG mapping for NR-PDCCH.

Logical CCE-to-REG mapping
The CCE-REG mapping can be realized by two steps: 1) physical REG mapping, 2) logical CCE-REG mapping. First step is to map REG indices starting from 0 onto physical REGs within a CORESET (or a subset of them), based on time-first or frequency-first (if introduced) manner. Then the actual CCE-REG mapping can be done in the second step where logical CCE indices are mapped to logical REG indices. There is no need of complicated mapping rule in this step. It can be simply defined as each logical CCE (starting from 0) mapped to 6 consecutive logical REGs (starting from 0), e.g., CCE 0 is mapped to REGs 0~5, CCE 1 is mapped to REGs 6~11, and so on.
Proposal 2: CCE-to-REG mapping is defined by a combination of physical REG mapping and logical CCE-to-REG mapping. The logical CCE-to-REG mapping is defined as logical CCE n mapped to logical REGs (6n)~(6n+5) (n=0, 1, 2, ...).

CCE-to-PDCCH mapping
For the time-first CCE-REG mapping which is already agreed, there is no need to clarify the CCE-PDCCH mapping since the CCEs form one dimensional array in frequency if the CORESET duration is a submultiple of 6.
If the frequency-first CCE-REG mapping is introduced, we have two options for the CCE-PDCCH mapping, i.e., time-first mapping and frequency-first mapping. In our view, the frequency-first mapping is sufficient between CCE and PDCCH since the benefit of the localization in frequency can be appreciated by the time-first CCE-REG mapping.
Proposal 3: Only the frequency-first mapping is supported between CCE and PDCCH.

REG bundle size
Time-first CCE-REG mapping
Based on RAN1 #89 agreements, candidate REG bundle sizes for the time-first CCE-REG mapping include 2, 3, and 6. In this section, we provide BLER performance comparison among the candidate REG bundle sizes. DMRS density is set to 1/4 (3 REs per REG) which is the median value among 1/3, 1/4, 1/6. The remaining simulation parameters are found in Appendix A.
(1) 1-symbol CORESET:
Fig. 1(a) and Fig. 1(b) show the BLER comparison among REG bundle sizes 2, 3, and 6 for TDL-C with 30ns and 300ns, respectively. It is observed that the bundle size of 2 and 3 provides 2~3dB better performance than the bundle size of 6 for CCE aggregation levels 1 and 2 thanks to larger frequency diversity gains. For aggregation levels 4 and 8, there is not much performance difference among the three bundle sizes.
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(a) TDL-C 30ns                                (b) TDL-C 300ns
Figure 1. BLER of NR-PDCCH over different REG bundle sizes for 1-symbol CORESET


(2) 2-symbol CORESET:
Fig. 2(a) and Fig. 2(b) show the BLER comparison among REG bundle sizes 2 and 6 for TDL-C with 30ns and 300ns, respectively. Similar to the 1-symbol case, the bundle size of 2 provides 2~3dB better performance than the bundle size of 6 for CCE aggregation levels 1 and 2. For aggregation levels 4 and 8, 6 REGs bundling offers 1dB gain over 2 REGs bundling for 30ns, but the two cases are comparable for 300ns.
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(a) TDL-C 30ns                                (b) TDL-C 300ns
Figure 2. BLER of NR-PDCCH over different REG bundle sizes for 2-symbol CORESET

(3) 3-symbol CORESET:
Fig. 3(a) and Fig. 3(b) show the BLER comparison among REG bundle sizes 3 and 6 for TDL-C with 30ns and 300ns, respectively. Again the bundle size of 3 provides 2~4dB better performance than the bundle size of 6 for CCE aggregation levels 1 and 2. For aggregation levels 4 and 8, the performances of the two cases are comparable for both 30ns and 300ns.
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(a) TDL-C 30ns                                (b) TDL-C 300ns
Figure 3. BLER of NR-PDCCH over different REG bundle sizes for 3-symbol CORESET

Based on the observations, we propose the following:
Proposal 4: For time-first CCE-REG mapping, the REG bundle size is down-selected as the following:
· For 1-symbol CORESET, REG bundle size is either 2 or 3 (only one value supported).
· For 2-symbol CORESET, REG bundle size is 2.
· For 3 symbol CORESET, REG bundle size is 3.

Frequency-first CCE-REG mapping
If introduced, the REG bundling for the time-first CCE-REG mapping can be reused to the frequency-first CCE-REG mapping. For example, the REG bundle size for the PDCCH spanning 1 symbol can be the same as that of time-first CCE-REG mapping with 1-symbol CORESET. Similarly, the REG bundle size for the PDCCH spanning 2 symbols can be the same as that of time-first CCE-REG mapping with 2-symbol CORESET.
Proposal 5: For frequency-first CCE-REG mapping, the REG bundle sizes defined for the time-first CCE-REG mapping are reused.

Conclusion
In this contribution, we discussed remaining issues on CCE-to-REG and CCE-to-PDCCH mapping, and REG bundle size for time-first and frequency-first CCE-to-REG mappings, from which the following observations and proposals are derived:
Observation 1: Frequency-first CCE-REG mapping is beneficial in several identified NR use cases.
Proposal 1: Support frequency-first CCE-REG mapping in addition to the time-first CCE-REG mapping for NR-PDCCH.
Proposal 2: CCE-to-REG mapping is defined by a combination of physical REG mapping and logical CCE-to-REG mapping. The logical CCE-to-REG mapping is defined as logical CCE n mapped to logical REGs (6n)~(6n+5) (n=0, 1, 2, ...).
Proposal 3: Only the frequency-first mapping is supported between CCE and PDCCH.
Proposal 4: For time-first CCE-REG mapping, the REG bundle size is down-selected as the following:
· For 1-symbol CORESET, REG bundle size is either 2 or 3 (only one value supported).
· For 2-symbol CORESET, REG bundle size is 2.
· For 3 symbol CORESET, REG bundle size is 3.
[bookmark: _GoBack]Proposal 5: For frequency-first CCE-REG mapping, the REG bundle sizes defined for the time-first CCE-REG mapping are reused.
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Appendix A: Link-level evaluation assumptions

Table 1. Link-level simulation parameters
	Parameter
	Value

	Carrier frequency
	4 GHz

	Subcarrier spacing
	15 kHz

	System bandwidth
	10 MHz

	Channel
	TDL-C, 30/300/1000 ns

	Antenna configuration
	2x2

	UE mobility
	3 km/h

	CORESET size
	48 PRBs, 1~3 OFDM symbols

	DCI payload size
	20 bits (+ 16 bits CRC)

	Channel coding
	TBCC

	Channel estimation
	MMSE estimation + linear interpolation

	DMRS overhead
	1/4 (3 REs per REG)



6

image3.emf
-10 -8 -6 -4 -2 0 2 4 6 8 10

SNR [dB]

10

-2

10

-1

10

0

B

L

E

R

PC(4 precoders), NB-RS, TDL-C 30ns, interleaved REGs, DCI 20bits

AL1, 2 REGs

AL1, 6 REGs

AL2, 2 REGs

AL2, 6 REGs

AL4, 2 REGs

AL4, 6 REGs

AL8, 2 REGs

AL8, 6 REGs


image4.emf
-10 -8 -6 -4 -2 0 2 4 6 8 10

SNR [dB]

10

-2

10

-1

10

0

B

L

E

R

PC(4 precoders), NB-RS, TDL-C 300ns, interleaved REGs, DCI 20bits

AL1, 2 REGs

AL1, 6 REGs

AL2, 2 REGs

AL2, 6 REGs

AL4, 2 REGs

AL4, 6 REGs

AL8, 2 REGs

AL8, 6 REGs


image5.emf
-10 -8 -6 -4 -2 0 2 4 6 8 10

SNR [dB]

10

-2

10

-1

10

0

B

L

E

R

PC(4 precoders), NB-RS, TDL-C 30ns, interleaved REGs, DCI 20bits

AL1, 3 REGs

AL1, 6 REGs

AL2, 3 REGs

AL2, 6 REGs

AL4, 3 REGs

AL4, 6 REGs

AL8, 3 REGs

AL8, 6 REGs


image6.emf
-10 -8 -6 -4 -2 0 2 4 6 8 10

SNR [dB]

10

-2

10

-1

10

0

B

L

E

R

PC(4 precoders), NB-RS, TDL-C 300ns, interleaved REGs, DCI 20bits

AL1, 3 REGs

AL1, 6 REGs

AL2, 3 REGs

AL2, 6 REGs

AL4, 3 REGs

AL4, 6 REGs

AL8, 3 REGs

AL8, 6 REGs


image1.emf
-10 -8 -6 -4 -2 0 2 4 6 8 10

SNR [dB]

10

-2

10

-1

10

0

B

L

E

R

PC(4 precoders), NB-RS, TDL-C 30ns, interleaved REGs, DCI 20bits

AL1, 2 REGs

AL1, 3 REGs

AL1, 6 REGs

AL2, 2 REGs

AL2, 3 REGs

AL2, 6 REGs

AL4, 2 REGs

AL4, 3 REGs

AL4, 6 REGs

AL8, 2 REGs

AL8, 3 REGs

AL8, 6 REGs


image2.emf
-10 -8 -6 -4 -2 0 2 4 6 8 10

SNR [dB]

10

-2

10

-1

10

0

B

L

E

R

PC(4 precoders), NB-RS, TDL-C 300ns, interleaved REGs, DCI 20bits

AL1, 2 REGs

AL1, 3 REGs

AL1, 6 REGs

AL2, 2 REGs

AL2, 3 REGs

AL2, 6 REGs

AL4, 2 REGs

AL4, 3 REGs

AL4, 6 REGs

AL8, 2 REGs

AL8, 3 REGs

AL8, 6 REGs


