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1	Introduction
Rel-14 NR study item [1] has been closed and a new Rel-15 WI dealing with New Radio Access Technology [2] has been approved. The work item should specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in [3]. The NR under this work item should consider frequency ranges up to 52.6 GHz.
This contribution relates to remaining details of PDCCH stucture for NR. The following agreements and working assumptions were made in RAN1 #88bis [4], RAN1 #89 [5] and RAN1 Ad-hoc#2 [6].
Agreements: [4] 
· 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: [4] 
· 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
Agreements: [5]
· 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

Agreements: [5]
· 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
Agreements: [6]
· 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)
2	REG bundle size
Table 1 shows the current RAN1 agreements and working assumptions related to REG bundle size. 
    Table 1. REG bundle sizes: agreed, working assumption
	CORESET length (#symbols)
	Non-interleaved mapping 
(REG bundle: frequency x time)
	Interleaved mapping
(REG bundle: frequency x time)

	1
	6 (6x1)
	2 (2x1), 6 (6x1)

	2
	6 (3x2)
	2 (1x2), 6 (3x2)

	3
	6 (2x3)
	3 (1x3), 6 (2x3)



We think that REG bundle size 6 should be supported in the case of interleaved mapping. The main benefit of REG bundle size 6 is that it can provide improved channel estimation when operating with high aggregation levels. This will have an impact to the PDCCH coverage (see results in the Appendix). Based on that, we propose to confirm the working assumption made in RAN1 Ad-Hoc #2:
Proposal #1: Confirm the working assumption that REG bundle size = 6 is also supported for 1-3 symbol CORESET with interleaving  

Provided that REG bundle size = 6 is supported in the case of interleaved mapping, there is a need to define the configuration option used for the REG bundle size. We think that configuration should be based on explicit RRC configuration at least for a CORESET configured by UE-specific higher-layer signalling. This will provide the needed flexibility to optimize the PDCCH performance according to the scenario of interest. 
Proposal #2: Explicit configuration is used to configure REG bundle size for a CORESET configured by UE specific higher-layer signalling.  

Based on the results shown in the Appendix, DL control signalling coverage is maximized with REG bundle size 6 in the case of high aggregation levels. Hence, it makes sense to have REG bundle size 6 in the CORESET carrying common search space.
Observation #1: REG bundle size =6 is preferred for CORESET carrying common search space.
3	Precoder granularity
3.1. Precoder granularity in frequency
One of the open issues in PDCCH design is precoder granularity in frequency. There are two options to make it:
· Option #1: Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain. This is according to working assumption made in RAN1 Ad-hoc #2.
· Option #2: Precoder granularity in frequency domain is a configuration parameter and it can be one or multiple consecutive REG bundles in the frequency. 
When using precoder cycling, the UE can utilize only DMRS transmitted using the same precoding. Hence, Option #2 can be used to improve UE channel estimation. On the other hand, Option #1 can maximize the amount of antenna diversity since each REG bundle can be processed with different precoding weights. 
It should be noted that configurable REG bundle size (2 REGs vs. 6 REGs) combined with interleaved mapping provides similar trade-off between antenna diversity and UE channel estimation compared to Option #2. Hence, Option #2 is not needed provided that REG bundle size = 6 is supported. Based on that, we propose to confirm the previous working assumption:  
Proposal #3: Confirm the working assumption that precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain

3.2. Precoder granularity in time
Precoder cycling can be applied also in time domain in the scenarios with CORESET length > 1 OFDM symbol. Generally speaking, it makes sense to define that by default, precoder cycling granularity in time corresponds to the duration of the REG bundle (=CORESET length) in time. However, in certain multi-beam scenarios, in order to support the necessary beam diversity it would be beneficial to be able to transmit the same DCI via multiple beams using different OFDM symbols. This can be made in such that precoder granularity in the time domain is defined to be one OFDM symbol [7]. PDCCH has inbuilt support for this based on the agreement made in RAN1 Ad-hoc #2: “DMRS is mapped on all REGs on all the OFDM symbols of a given PDCCH candidate”

Proposal #4: By default, precoder cycling granularity in time corresponds to the duration of REG bundle in time 
Proposal #5: Consider precoder cycling granularity of one OFDM symbol as a configuration option for CORESETs with multiple OFDM symbols.
4	Conclusions
In this contribution we have discussed the PDCCH consturction for NR. Based on the discussion, we make the following observation and proposals:
Proposal #1: Confirm the working assumption that REG bundle size = 6 is also supported for 1-3 symbol CORESET with interleaving  
  
Proposal #2: Explicit configuration is used to configure REG bundle size for a CORESET configured by UE specific higher-layer signalling.  

Proposal #3: Confirm the working assumption that precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain 
Proposal #4: By default, precoder cycling granularity in time corresponds to the duration of REG bundle in time 
Proposal #5: Consider precoder cycling granularity of one OFDM symbol as a configuration option for CORESETs with multiple OFDM symbols.
 
Observation #1: REG bundle size =6 is preferred for CORESET carrying common search space.
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APPENDIX
Figure 1 compares the PDCCH performance with REG bundle sizes of 2 and 6. Simulation scenarios are shown in Figure 2, and simulation parameters in Table 2, respectively. We consider interleaved REG to CCE mapping in this simulation. Precoder granularity equals to size of REG bundle. Results show that in the cell edge conditions REG bundle size of 6 outperforms REG bundle size of 2 by more than one dB.
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Figure 1. DL control channel performance with precoder granularities of 2 (dashed) and 6 (solid) REG bundles.
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Figure 2. Simulation scenarios

Table 1 Simulation parameters
	Parameter
	Value

	Number of Tx/Rx antennas
	2/2

	Tx diversity method
	1-AP PC

	Modulation
	QPSK

	Channel
	TDL A 30 ns, 3 km/h

	Carrier bandwidth
	20 MHz

	Carrier frequency
	4 GHz

	Channel estimation method
	MMSE 

	Channel coding
	TBCC

	Number of coded Bits
	20+16 CRC

	Subcarrier spacing
	15 kHz

	DMRS overhead
	33%

	CORESET size
	1 OFDM symbol
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