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1. Introduction

In RAN1 90b with email approvals, the following agreements about aggregation levels were made [1],
Agreements:

· At least for cases other than initial access, to identify a set of search spaces, following parameters are configured by UE-specific RRC signaling:

· The number of PDCCH candidates for each aggregation level of {1, 2, 4, 8, [16]}

· One value from {0, 1, 2, 3, 4, 5, 6, 8}

· PDCCH monitoring occasion for the set of search spaces

· One value of from {1-slot, 2-slot, [5-slot], [10-slot], [20-slot]} (at least 5 values)

· One or more value(s) from 1st symbol, 2nd symbol, …, 14th symbol within a monitored slot

· Each set of search spaces associates with a CORESET configuration by RRC signaling
Agreements:

· By PBCH, a UE obtains at least one CORESET configuration at least for PDCCH scheduling RMSI associated with a given SS block.

· The set of aggregation levels and candidates per aggregation level for PDCCH scheduling RMSI is specified in the specification.

· FFS the indication of the support of aggregation level 16 in the cell

· FFS: Set of search spaces for OSI, random access, and paging.
In this contribution, the necessity of aggregation level 16 are discussed, and proposals are given. 
2. Discussion on support of large aggregation level 
The requirement of large aggregation level is analyzed in two aspects here,

· To meet the coverage requirement of macro deployment;

· To balance demodulation performance with NR PBCH;

2.1 Meet the coverage requirement of macro deployment
In [2], NR-PDCCH design requirement is discussed considering to reuse existing LTE sites for NR systems, and the requirement is based on outdoor to indoor coverage. As a promising candidate for NR frequency band, 3.5 GHz is taken as NR frequency for example. And 1.9GHz as one carrier frequency for LTE is used here to compare the difference. Some data is updated here compared to [2], and the coverage gap is recalculated. The differences are given in table 1.
Table 1 carrier frequency and antenna configuration related difference between NR and LTE

	
	1.9 GHz

8T2R for DL PDCCH
	3.5 GHz

64T4R for DL PDCCH
	Gap between 3.5 GHz and 1.9 GHz

	Frequency related PL
	-8.8 dB
	-17.18 dB
	-8.38 dB

	Penetration loss (Dense Urban/Urban)
	-13 dB
	-17 dB
	-4 dB

	Transmission Line Loss
	-0.5dB
	0
	0.5dB

	Antenna gain
	15 dBi
	16.5 dBi
	1.5 dBi

	Receive diversity
	3dB（2Rx for UE）
	6 dB（4Rx for UE）
	3 dB (ideally)

	Overall gain
	-4.3dB
	-11.68dB
	-7.38 dB


Following should be noted for above table,

· For the same cell coverage, the path loss difference lies only on frequency related part. In the 38.901 UMA-NLOS channel model, the frequency related PL as 20 log10(fc). But in the table, the PL difference is provided based on measurement results, and the measurement results show that in the realistic propagation environment, the PL coefficient is around 31.57, which is higher than that applied in 38.901 UMA-NLOS;
· Here indoor coverage is considered and penetration Loss of 17dB is supposed for 3.5G Hz, and 13dB penetration loss for 1.9GHz carrier frequency.
· For transmission line loss, there is 0.5dB loss for 1.9GHz antenna, while for 3.5GHz, there is no transmission line loss since RRU and antennas are integrated.

· For antenna gain, the values are based on commercial or pre-commercial antenna products. For LTE, one TXRU is connected to all elements in one column with the same polarization, and antenna gain is updated to 15dBi from 15.5dBi in [2] for PDCCH at 1.9GHz, considering the use of eletrical-downtilt device. For 3.5GHz NR, 192 elements are supposed for massive MIMO with (M,N,P)=(12,8,2). Considering the same connection method used in LTE for NR, which means one TXRU is connected to all elements in one column with the same polarization, the antenna gain for 3.5G NR is up to 16.5dBi. 

· For the receive diversity, LTE 2Rx is the baseline, with 4Rx for 3.5GHz NR, ideally, 3dB diversity gain can be achieved.

From table 1, it can be seen that, 3.5GHz NR has a 7.38dB gap compare to 1.9GHz LTE. To ensure the same coverage performance, demodulation performance of NR-PDCCH need to compensate such gap. 
It worthy note that, one scheme for PDCCH coverage enhancement that NR can apply while LTE cannot is beam sweeping, especially for CSS. If 8TXRU is applied for single polarization, ideally, maximum of 9dB can be achieved for UEs located at the boresight and beam-center location when beam sweeping is applied. However, since limited number of beams can be generated, e.g., maximum of 8 beams for sub-6GHz, there will be some coverage loss for locations other than the boresight and beam-center location. In addition, how much gain can be achieved also depends on the beam vector design. As a simple example, in Fig. 1 we provide a beam pattern with 8 DFT beams, more than 3dB loss is envisioned for location that intersected by two beams as illustrated in Fig. 1. So relying on beam sweeping to improve the PDCCH coverage is not sufficient. And aggregation level 16 for PDCCH is necessary to be support in NR.
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Fig. 1. Comparison of beam sweeping gain
2.2 Balance demodulation performance with NR PBCH
In this section, the coverage performance of NR-PDCCH compared to NR-PBCH are examined to see whether large aggregation levels are needed for PDCCH. The differences between PBCH and common PDCCH that affect demodulation performance are listed in the following table 2.

Table 2. parameters comparison between PBCH and PDCCH related to coverage performance 

	parameters
	PBCH
	PDCCH

	Payload
	56(including CRC)
	Take 31/42+24(CRC) as example* 

	Resource size
	432RE
	432RE (8CCE)

	Resource mapping
	Localized
	interleaved/non-interleaved

	Transmission scheme
	a single antenna port based transmission scheme
	One-port transmit diversity scheme with REG bundling

	Coverage enhance scheme
	Beam sweeping
	Beam sweeping

	
	Combing across 4 SS burst sets can be used to improve performance
	No combing

	*Note: Since the DCI payload has not been agreed for PDCCH, here, the same DCI size of 31 for 20MHz TDD LTE format 1A is and the DL fallback information bits number of 42 comes from email discussion [90b-NR-25] are both listed here.


It can be seen from the table that, the payload size of PDCCH is close or larger than PBCH, resulting in a similar or even larger code rate for aggregation level 8CCE. For the resource mapping method, it can be seen from [2] that, for large aggregation level, the demodulation performance for interleaved and non-interleaved resource mapping is negligible. So PDCCH will show a similar or even worse demodulation performance than PBCH, depending on the payload size of common PDCCH.
For PBCH, soft combing can be used across SSB sets to further improve its demodulation performance. By contrast, the NR PDCCH does not support repetition mechanism, which means the demodulation performance of PDCCH will be much poorer than PBCH. A good system design should strive to reach balanced performance between different channels. And depending on evaluation made in [2], 16CCE can improve the PDCCH performance by 2.3~3.2dB, so supporting 16CCE is necessary to compensate the performance gap between PDCCH and PBCH. In addition, we would prefer both the CSS and the USS to support AL16, to avoid the possibility that any of the search space not supporting AL16 becomes the coverage bottleneck. 
Proposal 1: Both the CSS and USS for NR PDCCH support 16CCE.
For the USS, the most straightforward way to support 16 CCE is to allow 16 CCE as a candidate CCE under RRC configuration. For the CSS, especially for the CORESET scheduling RMSI, how to support the configuration of 16CCE can be discussed. One way is to allow a configuration of CORESET scheduling RMSI to be with a AL set with 16 CCE. Considering the overhead of large AL, the configuration of large AL and large CORESET resource allocation size can be bundled configured, so as to reduce the payload of RMSI-CORESET configuration in PBCH. If it is still necessary to reduce the payload of RMSI-CORESET configuration, implicit way of configuring AL sets can also be considered. For example {4,8} and {8,16} are both specified in the specification, which are implicitly linked to the CORESET size, i.e., large CORESET size is associated with a AL set with large AL. Then with the CORESET size information, UE can determine the aggregation set to monitor implicitly.

Proposal 2: Either explicit or implicit method can be used to configure the aggregation level set for RMSI CORESET.
4. Conclusions 
In this contribution, the necessary of larger aggregation level for NR-PDCCH are discussed and the following proposals are made:
Proposal 1: Both the CSS and USS for NR PDCCH support 16CCE.
Proposal 2: Either explicit or implicit method can be used to configure the aggregation level set for RMSI CORESET.
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