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1	Introduction
In RAN1 #89, the following agreements were made related to PDCCH structure for NR:
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-4domain 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 discuss remaining open issues and provide our view.
2	REG bundle size
Current definition of REG bundle is as follows:
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 bundle size determines the minimal resource allocation unit that is consecutive in frequency and/or time. It also provides UE with the precoder assumption for channel estimation. It should be noted that the same precoder does not preclude the option of SCDD or contiguous precoder. The choice of the bundle size should strike the right balance between channel estimation performance and frequency diversity. UE channel estimation complexity should also be considered in RB bundle size determination.  We presented the REG bundle size comparison in [1], from which the following observations can be made.
Observation 1:
2 ,3 – PRB-bundling have similar performance across Aggregation Levels 1, 2, 4 and 8
6 – PRB bundling has slightly better performance than 2/3 PRB bundling for Aggregation Level 4,8
But at the expense of increased channel estimation complexity
From a channel estimation complexity perspective, and performance PRB bundling size of 2 or 3, are good candidates for NR-PDCCH
The working assumption was also made regarding the time-duration of a CORESET. As per the working assumption, depending on the NR carrier bandwidth, there can be up to 3 OFDM symbol length CORESET. For a single symbol CORESET, frequency-first CCE-to-REG mapping is agreed. For multi-symbol CORESET, time-first CCE-to-REG mapping is agreed (frequency-first mapping is FFS for multi-symbol CORESET). Assuming a 3 symbol CORESET, a 2x3 REG bundle is supported with localized mapping (non-interleaved). Similarly for a 2 symbol CORESET, a 3x2 REG bundle is supported with localized mapping. For distributed mapping with multi-symbol CORESET with time-first CCE-to-REG mapping, [2 or 3 or 6] REGs are the candidate sizes for the bundle. As shown in Section 3.2, time-domain precoder cycling performs worse especially for higher aggregation level, compared to the localized REG bundle. Therefore, 6 REG bundling size (localized in time and frequency) is proposed even for distributed CCE-to-REG mapping with time-first mapping.
For a single symbol CORESET, a 6x1 REG bundle is supported with localized mapping. For distributed mapping with a single symbol CORESET, [2 or 3 or 6] REGs are the candidate sizes for the bundle. In this case, 2x1 and 3x1 REG bundle is proposed to be supported to align with the bundling size in frequency domain with multi-symbol CORESET with distributed mapping. 6x1 REG bundle can be dropped given that it does not align with the frequency domain bundling size with multi-symbol CORESET with distributed mapping and also there is no frequency diversity in AL1.
Proposal 1: For a single symbol CORESET, 2 or 3 REG bundling size is proposed for distributed CCE-to-REG mapping in the case of narrowband RS.
Proposal 2: For multi-symbol CORESET, 6 REG bundling size is proposed for distributed CCE-to-REG mapping with time-first mapping in the case of narrowband RS. Similar to a single symbol CORESET, 2 or 3 REG bundling size (in frequency domain) is proposed for distributed CCE-to-REG mapping with frequency-first mapping in the case of narrowband RS.
3	Open Issues in CCE-to-REG Mapping
[bookmark: p2][bookmark: p3]3.1	Frequency-first CCE-to-REG mapping with multi-symbol CORESET
Frequency-first CCE-to-REG mapping is naturally supported with a single symbol CORESET. This was one of main reasons not to support frequency-first CCE-to-REG mapping with multi-symbol CORESET, since NW always has the flexibility to configure a single symbol CORESET to achieve frequency-first mapping. The benefit of frequency-first CCE-to-REG mapping is the easier resource reuse for data when the smaller AL was used. In addition, given the frequency-first CCE-to-REG mapping is agreed for a single symbol CORESET, the multiplexing CORESETs can be more straightforward when there is a need to multiplex a single symbol CORESET and multi-symbol CORESET. Therefore, we can still allow the support of frequency-first mapping with multi-symbol CORESET. It should be noted that the RS must be repeated every symbol when frequency-first mapping is considered with multi-symbol CORESET to better utilize later symbols in the CORESET.
Proposal 3: Both time-first and frequency-first CCE-to-REG mapping is supported with multi-symbol CORESET. For time-first mapping, Front-loaded RS is proposed. For frequency-first mapping, RS is present every symbol.
3.2 Time-domain precoder cycling with multi-symbol CORESET
The support of time-domain precoder cycling is FFS in the case of multi-symbol CORESET. We studied the performance of different time-domain precoder cycling options compared to no time-domain precoder cycling. Note that frequency-domain precoder cycling is still maintained. Given there is no agreement yet on the RS pattern, we considered both front-loaded RS and uniform RS as shown in Figure 1. 3 REG bundle mappings were considered for the study as shown in Figure 2. Based on the RS pattern and REG bundle in Figure 1 and Figure 2, following schemes were compared:
1. Time-domain precoder cycling
a. Time-domain precoder cycling with consecutive REG bundles in time (Uniform DMRS with Mapping B, denoted by PC)
b. Time-domain precoder cycling with frequency-interleaved REG bundle in time (Uniform DMRS with Mapping C, denoted by Itlv-PC)
2. No time-domain precoder cycling
a. Localized REG bundle with front-loaded RS (Front-loaded DMRS with Mapping A, denoted by FrontLd)
b. Localized REG bundle with RS every symbol (Uniform DMRS with Mapping A, denoted by Joint)
Simulation results are shown in Figure 3. Following observations are made:
· For higher aggregation level (AL4 and AL8), time-domain precoder cycling shows worse performance (~1 dB) compared to the case with no time-domain precoder cycling.
· Better coding gain with FrontLd overrules additional diversity from time-domain precoder cycling.
· Better channel estimation with Joint overrules additional diversity from time-domain precoder cycling.
· For lower aggregation level (especially AL2), time-domain precoder cycling sometimes shows marginal gain only.
· If DCI size further increases, it is expected that this small gain may be even washed out due to the loss in coding gain.
Therefore, it is concluded that there is no benefit to support time-domain precoder cycling with multi-symbol CORESET.
Proposal 4: It is proposed not to support time-domain precoder cycling with multi-symbol CORESET.


Figure 1: DMRS pattern


Figure 2: Mapping for CCE-to-REG bundle
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Figure 3: Simulation results for time-domain precoder cycling study

4	Conclusions 				
In this contribution, we have discussed remaining open issues for PDCCH structure and have made the following proposals:
Proposal 1: For a single symbol CORESET, 2 or 3 REG bundling size is proposed for distributed CCE-to-REG mapping in the case of narrowband RS.
Proposal 2: For multi-symbol CORESET, 6 REG bundling size is proposed for distributed CCE-to-REG mapping with time-first mapping in the case of narrowband RS. Similar to a single symbol CORESET, 2 or 3 REG bundling size (in frequency domain) is proposed for distributed CCE-to-REG mapping with frequency-first mapping in the case of narrowband RS.
Proposal 3: Both time-first and frequency-first CCE-to-REG mapping is supported with multi-symbol CORESET. For time-first mapping, Front-loaded RS is proposed. For frequency-first mapping, RS is present every symbol.
Proposal 4: It is proposed not to support time-domain precoder cycling with multi-symbol CORESET.
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6	Appendix: Simulation Assumptions
Table 1: Simulation assumptions for time-domain precoder cycling study
	Parameter
	Value

	Channel profile
	TDL-C 30ns, 300ns and 1000 nsec

	Number of BTS antennas
	2

	Number of UE antennas
	2

	beamforming scheme
	no beamforming

	Number of REGs(containing RS) for each CCE
	6 REGs (1 REG = 1PRB in a single OFDM symbol)

	Number of symbols
	2

	subcarrier spacing
	15KHz

	Control resource set (CORESET) BW
	17.28MHz
2304 REs = 12*6*8*2*2 REs (can accommodate 4 AL8)

	DCI Size
	20,60 (+ 16 bit CRC)

	RS overhead
	 1/3 – Frontloaded vs uniform 

	Coding
	TBCC list=1

	Channel Estimation
	One shot MMSE Channel Estimation 

	Channel estimation bundle-size == minimum resource allocation unit
	3, 6 REGs (1REG = 1PRB in a single OFDM symbol)

	Search Space
	Distributed search space (the minimum resource allocation units for each aggregation level are equally spread within the entire 17.28MHz CORESET)

	Precoders used for Precoder Cycling
	Chosen randomly from the set {[1,1],[1,j],[1,-1],[1,-j]} 

	Precoder Cycling 
	Independent vs same across Symbols
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