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1. Introduction

In RAN1 89, the following working assumption for CORESET have been made [1], 
Working assumptions:
· For a time-duration of a CORESET:

· Support 1-3 OFDM symbol as time duration for a CORESET on the NR carrier with less than or equal to X PRBs
· Support 1-2 OFDM symbol as time duration for a CORESET on the NR carrier with wider than X PRBs
· FFS: X values
· FFS: Other time duration

· FFS: Relationship of a first PDSCH DMRS symbol with one or more symbols of a CORESET for slot-based scheduling
· FFS: restriction in the certain conditions
NR-PDCCH capacity, which is related to X value, needs to be discussed before determined. In this contribution, NR-PDCCH capacity and requirement are discussed.
2. Discussion on NR-PDCCH capacity and requirement
2.1 Available PDCCH number for LTE and NR 
According to our deployment statistics in one province, each vendor selects top 1000 cells with high CCE utilization every hour, resulting in about 166 thousand cell samples one week. The average aggregation levels of three vendors are provided below in table.1. 
Table.1 average aggregation levels in LTE network 
	
	No. of samples
	Average aggregation levels

	Vendor A
	167091
	3.68

	Vendor B
	165869
	5.37

	Vendor C
	165414
	4.41


An average value of above three vendors average aggregation level, e.g. AL =4.5 are used to calculate the number of PDCCH channels for LTE. PDCCHs of LTE are carried in the first 3 or 4(only for number of PRBs no more than 10) symbols, where PCFICH and PHICH have higher priority. The number of CCEs available for PDCCH is determined by CFI value and number of PHICH groups. Available PDCCH number is calculated in table.2 considering a BW of 20MHz, and different Ng parameters for PHICH, where Ng is the parameter used to calculate number of PHICH groups defined in section 6.9, TS36.211. 

Table 2. available number of PDCCH for different PHICH group parameters
	
	Ng=1/6
	Ng=1/2
	Ng=1
	Ng=2

	No. of PHICH group
	3
	7
	13
	25

	No. of PHICH channel(NCP)
	24
	56
	104
	200

	REG for PHICH and PCFICH
	13
	25
	43
	79

	Available CCEs for PDCCH(CFI=3)
	87
	86
	84
	80

	No. of PDCCH channels (CFI=3)
	19
	19
	18
	17


If the same average AL is used for NR, the number of NR-PDCCH per slot for different durations is shown in table.3. Here, bandwidth of 100MHz with a SCS 30KHz, 3000 subcarriers (10% guard band), and one CCE with 6REG are assumed.
Table.3 the number of PDCCHs for NR
	
	No. of PDCCH channels per slot(0.5ms)

	CORESET duration (No. of OS)
	1
	2
	3

	No. of CCEs
	41
	83
	125

	No. of PDCCH channels
	9
	18
	27


It can be seen that, the PDCCH capacity of one schedule slot when CORESET duration is 2 symbols is similar to LTE. If considering one subframe (2 slot = 1 ms), CORESET duration 2 can provide even more PDCCH channels. 
Although larger CCE is defined for NR than LTE, it is very probably that NR has larger DCI payload. What’s more, if NR is deployed on higher frequency band than LTE, more aggregation levels may be needed to reach the same coverage as LTE. Under such circumstance, the number of PDCCH channels for CORESET duration of 2 could be less than LTE per scheduling unit, depending on the DCI size and schemes to increase NR PDCCH coverage.
If same bandwidth and SCS is applied for NR and LTE, since one CCE occupy more REs than LTE, the PDCCH channel capacity will be less than LTE even with CORESET duration of 3. In current LTE network, high blocking probability can be observed in some scenarios, e.g., university campus. So if NR use the same SCS as LTE, to provide enough PDCCH capacity, the X value should not be small than 100 PRBs. 
Even when the value of X is fixed, it is still preferred to allow NR to be able to extend the PDCCH capacity for future-proof. In the following section, alternative options to provide PDCCH capacity extension are discussed.
2.2 NR-PDCCH capacity requirements and ways to increase PDCCH capacity
Considering that more resources may be used to overcome coverage loss due to higher deployment frequency band, and NR will provide super higher connection density than LTE for scenarios such as stadium, open-air gathering, and subways, where continuous data connections with explosive connections are expected, NR should have the ability to extend PDCCH capacity. In the following several possible ways to increase PDCCH capacity are provided, ,
· Option 1: more symbols are allowed for CORESET duration. 3 symbols CORESET provide 50% PDCCH capacity increase than 2 symbols. If this option is used, “X” which is used to determine CORESET duration shall not be set to a small value.
· Option 2: small scheduling unit size can be configured. With the same SCS, 7-symbol slot can provide double PDCCH capacity than 14-symbol slot, and mini-slot scheduling can further increase the available PDCCH channels. With a configurable scheduling unit size, the PDCCH capacity can be adjusted accordingly.
· Option 3: multiple CORESET in one slot can be multiplexed in TDM way. In this way, some CORESETs can be configured to start from the third/fourth symbol to schedule some delay insensitive transmission.
Proposal 1: NR should have the ability to extend PDCCH capacity. The following options can be considered,
· Option 1: more symbols are allowed for CORESET duration
· Option 2: small scheduling unit size can be configured
· Option 3: multiple CORESETs in one slot can be multiplexed in TDM way
3. Conclusions 
In this contribution, NR-PDCCH capacity and requirement are discussed, the following proposal is made,
Proposal 1: NR should have the ability to extend PDCCH capacity. The following options can be considered,
· Option 1: more symbols are allowed for CORESET duration
· Option 2: small scheduling unit size can be configured
· Option 3: multiple CORESETs in one slot can be multiplexed in TDM way
References

[1] Draft Report of 3GPP TSG RAN WG1 #89 v0.1.0, Hangzhou, China, 15th – 19th May 2017
