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Introduction
The NR Study Item was completed and closed in RAN plenary meeting#75 where the TR 38.802 was approved and is available in [1]. The NR Work Item was also approved in [2] where the WI targets meeting both eMBB and URLLC related 5G requirements in Rel-15. The design of DL control channel is an essential part of the WI.
In RAN1#88bis, the following working assumptions were made [3].
Working assumption:
· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH
· FFS the bundling size
· FFS: REG bundling is also for localized mapping in time and/or frequency-domain
· Companies are encouraged to provide evaluation results for 10 MHz and 20 MHz for larger aggregation levels and 5 MHz and 10 MHz for smaller aggregation levels 


Working assumption:
· A NR-CCE is defined as 6 REGs
· Candidate bundle sizes for distributed REG-to-CCE mapping: 2 or 3 REGs if NR-CCE is defined as 6 REGs
· FFS: impact of the NR-CCE definition on CORESET size, CCE aggregation levels, data resource allocation granularity, etc.

In this contribution, we discuss the REG bundling size for the PDCCH and whether it should be used for localized mapping in time and/or frequency domain. We also discuss the CCE size.
Discussion
The performance of PDCCH depends on channel estimation quality which depends on the number of PRBs with DMRS that can be aggregated together for purpose of channel estimation. A greater number of contiguous PRBs results in better channel estimation performance. On the other hand, when distributed transmissions are used, frequency diversity also is important to boost performance. Therefore, to benefit both from good channel estimation as well as frequency diversity when distributed transmission is used, it is important to determine the number of REGs that should be processed together to generate a single channel estimate. We evaluate the performance of PDCCH for a DMRS density of 25% in combination with different numbers of REGs that are kept together for distributed transmissions. A density of 25% is chosen based on the evaluations presented in [4]. Single-port precoder cycling is used as the transmit diversity scheme as per the current working assumption which is proposed to be confirmed in [4].
To summarize, for the NR-PDCCH performance evaluation, the following is assumed:
· Single-port precoder cycling as TxD scheme
· CCE of 6 REGs consisting of 6x12 sub-carriers
· Aggregation levels AL= 1, 2, 4 and 8
· DCI sizes of PL=20 and 60 bits with 16 CRC bits
· DMRS density of Rd= 25%
· X=2 and 3 contiguous REGs in a CCE
· Distributed transmissions
With distributed transmissions the clusters of contiguous REGs are equally distributed in the frequency domain within the control resource set.  Based on the above assumptions, Table 1 shows the number of clusters of contiguous REGs denoted by Nc in frequency domain for a given aggregation level and a given number of contiguous REGs. 
[bookmark: _Ref477377606]Table 1: The number of clusters, Nc, of X contiguous REGs distributed in freq. domain for distributed transmission for various aggregation levels 
	Aggregation Level
	Number of contiguous REGs (X)

	
	X=2
	X=3

	1
	3
	2

	2
	6
	4

	4
	12
	8

	8
	24
	16
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[bookmark: _Ref481587851]Figure 1: PDCCH BLER based on single port precoder cycling and TDL A-30ns channel model@3 km/h, assuming PL=60 payload bits, with CCE of 6 REGs and Nc clusters of X=2 contiguous REGs and a DMRS density of 25% 
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[bookmark: _Ref478081526]Figure 2: PDCCH BLER based on single port precoder cycling and TDL B-300ns channel model@3 km/h, assuming PL=60 payload bits, with CCE of 6 REGs and Nc clusters of X=2 contiguous REGs and a DMRS density of 25%
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[bookmark: _Ref481588177]Figure 3: PDCCH BLER based on single port precoder cycling and TDL A-30ns channel model@3 km/h, assuming PL=20 payload bits, with CCE of 6 REGs and Nc clusters of X=2 contiguous REGs and a DMRS density of 25%
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[bookmark: _Ref478081533]Figure 4: PDCCH BLER based on single port precoder cycling and TDL B-300ns channel model@3 km/h, assuming PL=20 payload bits, with CCE of 6 REGs and Nc clusters of X=2 contiguous REGs and a DMRS density of 25%
Figure 1 and Figure 2 show the BLER performance of PDCCH on TDL A-30ns@3km/h and TDL B-300ns@3km/h channel models with different number of distributed clusters for X=2 REGs or X=3 REGs in frequency domain for a payload size of 60 bits. Figure 3 and Figure 4 show similar results for a payload size of 20 bits.
[bookmark: _Ref462125875]From the figures it is apparent that the use of X=2 is similar to the performance obtained with X=3 at higher aggregation levels. For the results shown here for an aggregation level of 8, for instance, sufficient frequency diversity is achieved even with X=3 contiguous REGs (16 clusters spread across the control resource set) instead of X=2 (24 clusters spread across the control resource set). However, for aggregation level 1 NR-PDCCH, use of X=3 REGs results in only 2 clusters whereas use of X=2 contiguous REGs provides 3 clusters spread across the control resource set. In this case, the frequency diversity gains with the use of X=2 instead of X=3 are greater than the relative loss in channel estimation performance which results in a performance benefit with the use of X=2 for the REG bundling size. Therefore, we propose the following.
Proposal: A REG bundle size of 2 is used for distributed transmission of NR-PDCCH.

The results here and in [4] show that a CCE size of 6 REGs with a REG bundling size of 2 can provide sufficient performance for the NR-PDCCH. Therefore, we propose the following.

Proposal: Confirm the working assumption that the NR-CCE is defined as 6 REGs


There was some discussion in RAN1#88bis regarding the effect of the CCE size on RBG allocations and CORESET sizes. Depending on how CORESET allocations are defined, there can be enough flexibility to not make the use of  REGs a problem for these aspects. 

Conclusions
In this contribution, we discussed the REG bundling size and the CCE size. Evaluations were performed to compare a REG bundling size of 2 and 3 PRBs. Based on the evaluations we propose the following.
Proposals:
· A REG bundle size of 2 is used for distributed transmission of NR-PDCCH.
· Confirm the working assumption that the NR-CCE is defined as 6 REGs
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Appendix
Simulation assumptions
In RAN1#88, the following agreement was made on the evaluation assumptions for down-selection of TxD schemes [5]. Moreover, it was recommended to harmonize the evaluation assumption for other PDCCH related evaluations with the below agreements when possible. Hence, the link level simulation parameters used for the NR-PDCCH performance evaluations in this contribution are aligned with the following agreement and listed in Table 2.
Agreements:
· Evaluation assumption guidelines for down selection of TxD scheme for DL control channel:
· Aggregation levels: 1, 2, 4, 8 (Proponents can evaluate higher aggregation levels in addition, e.g., 16, 32)
· DCI size: 20 and 60 bits + 16 bit CRC
· CCE size: Proponents can choose within the agreed initial estimate of 4 to 8 REGs per CCE
· Practical channel estimation
· MMSE for reference, other schemes can be evaluated in addition 
· Proponents should state assumptions on 
· Number of RS used for interpolation in time and frequency
· PRB bundling assumption
· Antenna configurations and correlations corresponding to models at carrier frequencies of 4 GHz and 30 GHz (Prioritize 4 GHz)
· DMRS density 33% (other densities can be evaluated in addition)
· Number of OFDM symbols for transmission of PDCCH: 1 (companies may additionally evaluate for other values)
· Subcarrier spacing: 15 kHz (Other subcarriers spacing may be evaluated in addition)
· Channel model
· TDL-A, TDL-C
· Delay spread 30 ns, UE speed 3 km/h, (proponents can also evaluate 70 and 500 km/hr)
· Delay spread 300 ns, UE spread 3 km/h
· Delay spread 1000 ns, UE spread 3km/h


[bookmark: _Ref477421090]Table 2: Link level simulation parameters
	Parameters
	Values

	Carrier Frequency
	4 GHz

	Control Resource Set Bandwidth
	20 MHz

	Sub-carrier Spacing
	15 kHz

	DCI Payload Size
	20 bits and 16 CRC bits

	Modulation
	QPSK

	Channel Coding
	Tail-biting Convolutional Code as in Rel-8

	Aggregation Level
	8

	CCE size
	6 REGs or 72 subcarriers

	Number of OFDM symbols for NR-PDCCH
	1

	Channel Model 
	TDL-A, Delay spread 30 ns, UE speed 3 km/h
TDL-B, Delay spread 300 ns, UE spread 3 km/h

	gNB antenna configuration 
	2Tx, 2 Rx

	UE antenna configuration
	1Tx, 2Rx

	Channel Estimation
	MMSE

	Noise Estimation
	Ideal

	Transmission Diversity Scheme
	Single port precoder cycling
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