
[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #92	R1-1801781
Athens, Greece, February 26th – March 2nd, 2018

Agenda Item:	7.2.3
Source:	Huawei, HiSilicon
Title:	PDCCH repetition for URLLC
Document for:	Discussion and decision

Introduction
The reliability requirement of PDCCH for URLLC was analyzed in [1]. The BLER target of PDCCH for URLLC should be lower than that in current LTE (1%) considering that one shot transmission needs to be supported for URLLC [2][3]. 
[bookmark: _Ref129681832]In general, the following options can be considered to improve PDCCH reliability.
Opt 1: Adopt a compact DCI format
It is simple and efficient to adopt a small DCI payload for URLLC in order to ensure the high PDCCH reliability. The details of DCI format design is presented in [3].
Opt 2: Allocate more time-frequency resources
It is straightforward to improve the PDCCH reliability by allocating more time-frequency resources. 
For instance, higher CCE aggregation level can be used for URLLC, and AL=16 was already agreed to be supported. However, larger AL would bring PDCCH blocking issue especially in case of small carrier or BWP bandwidth or large subcarrier spacing. To alleviate the PDCCH blocking issue, we can consider PDCCH repetition in frequency domain or time domain, which will be discussed and evaluated in this contribution. 
PDCCH repetition discussion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]There are many methods to realize PDCCH repetition. As one alternative, PDCCH could be repeated in frequency domain, which may include PDCCH repeated in one or multiple CORESET(s). When PDCCH is repeated in one or multiple CORESET(s) in one carrier, it should be further study what the benefit is comparing with using high AL.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Also, PDCCH could also be repeated in time domain, especially repetition over multiple symbols in a slot is suitable for URLLC. Although it has been agreed that AL=16 is supported, which will occupy almost 100 RBs. Assuming BW=100RB, and each PDCCH occasions includes 1 OS, if PDCCH of one UE is AL=16, other eMBB and URLLC UEs could not be scheduled in this occasion, also the result may be same in the next PDCCH occasion, which incurs latency to some URLLC UEs and also decrease the UPT of eMBB UEs. 
In order to guarantee the PDCCH reliability, AL=16 could be replaced by two PDCCH repetitions with AL=8 or four PDCCH repetitions with AL=4 in time domain, which will cause less blockage to other UE’s transmission. In order to prove this, the following two simulations are performed to evaluate eMBB UPT and URLLC latency and reliability, respectively. The detailed simulation assumptions could be found in the Appendix.
To evaluate impact to eMBB UPT, the following three schemes are considered. The SCS of the eMBB UE is 15kHz and the carrier bandwidth is 20MHz. The slot based scheduling granularity for the eMBB UE is assumed and half-slot based scheduling granularity for the URLLC UE is assumed. 
· Scheme1: PDCCH AL=16, no repetition
· Scheme 2: PDCCH AL=8, repeat 2 times in time domain
· Scheme 3:PDCCH AL=4, repeat 4 times in time domain


Figure 1 PDCCH repetition schemes (time domain) for URLLC
The system simulation result is shown in Figure 2 and Table 1, and the gains of (scheme 2 vs scheme 1) and (scheme 3 vs scheme 1) could be seen in Table 1. It could be seen that comparing with AL=16, PDCCH repetition, such as two times of PDCCH repetitions with AL=8 and four times of PDCCH repetitions with AL=4, can provide significant UPT gain for eMBB UEs and the gain is increased with the increasing of repetition times. 
[image: C:\Users\m00385340\AppData\Roaming\eSpace_Desktop\UserData\m00385340\imagefiles\9EDB531C-69F3-4212-98D3-77794BBF4B25.png]
Figure 2 Simulation result for eMBB UPT 
Table 1 Simulation result for eMBB UPT
	
Schemes
	eMBB UPT（Mbps）

	
	5%
	50%
	95%
	Average

	Scheme 1
	0.64641
	2.3641
	15.1515
	4.3374

	Scheme 2
	0.86207
	3.9139
	27.3973
	7.4804

	Scheme 3
	1.001
	5.3619
	31.746
	9.4519

	Gain (Scheme 2 vs Scheme 1 )
	33.36%
	65.56%
	80.82%
	72.46%

	Gain (Scheme 3 vs Scheme 1 )
	54.86%
	126.8%
	109.52%
	117.92%


[bookmark: OLE_LINK8][bookmark: OLE_LINK9]
Observation 1: PDCCH repetition in time domain can alleviate the PDCCH blocking for eMBB UEs and increase the eMBB UPT.
To evaluate impact of PDCCH blocking among URLLC UEs, the above scheme 1 and scheme 2 are considered. The SCS of the URLLC is 60 KHz and the carrier bandwidth is 80MHz. Half-slot based scheduling granularity for the URLLC UE is assumed. The metric is the number of successful UEs to meet the requirement of up to 1e-3 within 1ms. 
Table 2 Simulation result for URLLC latency and reliability
	
	90% successful UE ratio
	99% successful UE ratio
	99.9% successful UE ratio

	Scheme 1
	99.5%
	76.2%
	6.7%

	Scheme 2
	99.5%
	96.7%
	82.9%



The system simulation result is shown in Table 2. It could be seen from the table that comparing with AL=16, PDCCH repetition, such as two times of PDCCH repetitions with AL=8, more URLLC UEs could meet the latency and reliability requirement. So considering URLLC latency and URLLC reliability, PDCCH repetition in time domain should be supported.
Observation 2: PDCCH repetition in time domain can alleviate PDCCH blocking among URLLC UEs. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK7]Moreover, between two PDCCH repetition occasions spanning non-continuous slots, there could be some prompt feedback, such as A-CSI, PDCCH-ACK/NACK and so on. For example, if PDCCH-ACK is received between two PDCCHs repetition occasions, the gNB can omit the transmission of the second PDCCH and the PDCCH overhead could be reduced. As another example, a fast A-CSI report triggered by the PDCCH can also be viewed as implicit ACK for the PDCCH. Upon receiving the A-CSI at the gNB, the gNB can also stop the PDCCH repetition. From this perspective, PDCCH repetitions over multiple PDCCH monitoring occasions is also beneficial. 
Observation 3: A fast feedback scheme for the PDCCH between PDCCH repetitions in time domain can save PDCCH overhead. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 1: PDCCH repetitions in time domain should be supported and PDCCH repetition in frequency domain can also be considered. 
Conclusion
PDCCH repetition in frequency domain or time domain is discussed in this contribution, and evaluations are performed to prove the alleviation of PDCCH blocking impact to eMBB UPT and URLLC latency and reliability. Finally, the following observations and proposals are provided: 
Observation 1: PDCCH repetition in time domain can alleviate the PDCCH blocking for eMBB UEs and increase the eMBB UPT.
Observation 2: PDCCH repetition in time domain can alleviate PDCCH blocking among URLLC UEs. 
Observation 3: A fast feedback scheme for the PDCCH between PDCCH repetitions in time domain can save PDCCH overhead. 
Proposal 1: PDCCH repetitions in time domain should be supported and PDCCH repetition in frequency domain can also be considered. 
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Appendix
Table A1 Simulation assumptions
	Parameters
	Description

	Deployment scenarios
	[bookmark: OLE_LINK49]Homogeneous network (7*3 site)

	Inter-BS distance
	500 m

	Carrier frequency
	4 GHz

	Subcarrier spacing
	15kHz and 60kHz 

	Scheduled PDSCH time-domain
	14 symbols

	Simulation bandwidth
	20 MHz and 80 MHz

	Channel model
	3D Uma

	BS Tx power
	46 dBm

	BS antenna configurations
	2TX

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	8dBi

	UE antenna configurations
	2RX

	UE antenna height
	Follow the modelling of TR 36.873

	UE antenna gain
	0 dBi

	UE receiver noise figure
	9 dB

	Traffic model
	URLLC: FTP Model 3 with MAC packet size 32bytes
eMBB: FTP Model 3 with APP packet size 0.5Mbytes 

	UE distribution
	20% Outdoor in cars: 30 km/h,
80% Indoor: 3 km/h
URLLC: 10 UE/sector
eMBB: 10 UE/sector

	UE receiver
	MMSE-IRC
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