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Introduction
[bookmark: OLE_LINK1]As described in [1], a general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.
[bookmark: OLE_LINK10][bookmark: OLE_LINK9][bookmark: OLE_LINK103]The repetition in slot level for eMBB services has been supported. However, the mechanism is mainly targeted for extreme large coverage, and only the data transmission is repeated. In URLLC, ultra reliability including DL scheduling reliability is also to be taken into account. Therefore, PDCCH repetition is proposed to be studied in RAN plenary #78 meeting [2].
[bookmark: OLE_LINK2]In this contribution, we discuss the repetition of the DL control channel, with focus on the same or multiple PDCCH monitoring occasion(s) in the same or multiple Search Spaces/CORESETs.
PDCCH repetition
[bookmark: OLE_LINK8]Necessity of PDCCH repetition
[bookmark: OLE_LINK61][image: ]
Figure 1 Performance of PDCCH repetition 
[bookmark: OLE_LINK48][bookmark: OLE_LINK57][bookmark: OLE_LINK12][bookmark: OLE_LINK87][bookmark: OLE_LINK15][bookmark: OLE_LINK58][bookmark: OLE_LINK90][bookmark: OLE_LINK89][bookmark: OLE_LINK88][bookmark: OLE_LINK105][bookmark: OLE_LINK6][bookmark: OLE_LINK106][bookmark: OLE_LINK78]Potential methods for improving reliability include higher aggregation levels, compact DCI and PDCCH repetition, which may be used independently or together with each other. As observed in [3], about 0.5dB gain can be obtained by a compact DCI with 10 bits payload reduction from a normal DCI size of 40bits. Whether higher aggregation levels can be employed depends on availability of the resources. CCE occupies 6 PRBs in one symbol. There are not enough resource for using AL16 (Aggregation Levels = 16 CCE) in some cases, e.g.1-OS CORESET in10MHz BWP with 15 kHz SCS or 3-OS CORESET in 20 MHz BWP with 60 kHz SCS. In other words, AL8 would be more practical and desirable in some cases. However, in companion contribution [3], we find that the 1e-5 reliability cannot be fulfilled by AL8 with compact DCI even at a reference SINR -2dB. Considering the relatively smaller gain of the compact DCI, PDCCH repetition seems an indispensable solution. In addition, using repetition can avoid PDCCH blocking, which would impact latency.
[bookmark: OLE_LINK5]As shown in Figure 1, about 3dB can be obtained by a 2-times repetition compared with a single transmission from BLER of 1e-2 to 1e-5. Simulation assumptions are provided in Annex.
[bookmark: OLE_LINK41][bookmark: OLE_LINK16]Proposal 1: PDCCH repetition shall be supported to improve reliability of PDCCH for URLLC services.
Implementation of PDCCH repetition
[bookmark: OLE_LINK107][bookmark: OLE_LINK39][bookmark: OLE_LINK14][bookmark: OLE_LINK4][bookmark: OLE_LINK17][bookmark: OLE_LINK32][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK29]Table-1 below lists some possible cases for PDCCH repetition within the same or across multiple PDCCH monitoring occasion(s) of the same or multiple Search Spaces (SS)/CORESETs. Cases 1-3 can be classified as repetition in the frequency domain, while Cases 4-6 can be seen as repetition in the time domain or time + frequency domain.
Table 1 - Possible cases for PDCCH repetition
	[bookmark: OLE_LINK112]Possible cases
	Same or multiple PDCCH monitoring occasion(s) of the same or multiple Search Spaces/CORESETs
	Scheme of repetition
	Pros and Cons
Pros and cons

	Case 1
	[bookmark: OLE_LINK11]Same occasion
Same CORESET
Same SS
	Repetition among different candidates of one aggregation level
	Low latency;
Less scheduling flexibility;
Equal to larger aggregation level.

	Case 2
	Same occasion
Same CORESET
[bookmark: OLE_LINK13][bookmark: OLE_LINK50]Multiple SSs
	[bookmark: OLE_LINK18][bookmark: OLE_LINK21]Repetition among multiple SSs with one or more candidates of one aggregation level used in each SS
	[bookmark: OLE_LINK20]Low latency;
A little better than Case1 on scheduling flexibility.
SSs have to be associated with the same CORESET

	Case 3
	[bookmark: OLE_LINK38]Same occasion
[bookmark: OLE_LINK19]Multiple CORESETs
[bookmark: OLE_LINK51]Multiple SSs
	[bookmark: OLE_LINK22][bookmark: OLE_LINK24]Repetition among multiple SSs within more than one CORESET. The candidates used belong to one aggregation level.
	Low latency;
[bookmark: OLE_LINK25]Better than Case2 on scheduling flexibility

	Case 4
	[bookmark: OLE_LINK23]Multiple occasions
Same CORESET
[bookmark: OLE_LINK52]Same SS
	[bookmark: OLE_LINK46]Repetition among multiple occasions configured to same SS. Multiple starting symbols are configured for the SS. Using same candidate and aggregation level among multiple occasions. 
	[bookmark: OLE_LINK26]More latency than Case 1/2/3.
Better than Case3 on scheduling flexibility.

	Case 5
	Multiple occasions
Same CORESET
Multiple SSs
	[bookmark: OLE_LINK27]Repetition among multiple occasions configured to multiple SSs. One or more start symbols are configured for each SS and all the SSs belong to one CORESET. Using same candidate and aggregation level among Multiple occasions. 
	[bookmark: OLE_LINK28]More latency than Case 1/2/3.
Better than Case4 on scheduling flexibility.
SSs have to be associated with same CORESET

	Case 6
	Multiple occasions
Multiple CORESETs
Multiple SSs
	Repetition among multiple occasions configured to multiple SSs. One or more start symbols are configured for each SS and the multiple SSs belong to multiple CORESETs. Using same candidate and aggregation level among Multiple occasions. 
	More latency than Case 1/2/3.
[bookmark: _GoBack]Better than Case5 on scheduling flexibility.


[bookmark: OLE_LINK49][bookmark: OLE_LINK34][bookmark: OLE_LINK37][bookmark: OLE_LINK7][bookmark: OLE_LINK36]From the low latency point of view, Case 1-3 are better since the PDCCH repetition can be finished in one occasion, and the remaining time can be used for data repetition and HARQ timing. But this is not beneficial for multiplexing different UEs simultaneously, i.e. less scheduling flexibility. And, it is difficult to use frequency repetition for the UE without the capability of a wide-BWP. For a UE with the wide-BWP capability, Case 3 is better because SS blocking is less serious than for Case 1 and 2.
[bookmark: OLE_LINK40][bookmark: OLE_LINK45][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK44]For Case 4-6, if each transmission of repetition is only in one occasion, then this equals to traditional repetition in the time domain. We could take Case 4 as an example. If the duration of the CORESET is 1 symbol and the starting symbols for the SS are configured with consecutive symbols, then repetition can be performed symbol by symbol. This can also achieve a low latency scheme and at the same time multiple users can be more easily multiplexed in the frequency domain. Case 5 and 6 are more complex than Case 4 which can keep the independency between SS and CORESET.
Overall, in our view, Case 3 and Case 4 from Table 1 are the most suited schemes to perform PDCCH repetition. 
[bookmark: OLE_LINK66][bookmark: OLE_LINK47][bookmark: OLE_LINK65]Proposal 2: At least one of two following schemes for PDCCH repetition is supported. 
· PDCCH repetition within the same PDCCH monitoring occasion across multiple Search Spaces on different CORESETs.
· PDCCH repetition across multiple PDCCH monitoring occasions of the same Search Space and CORESET.
DL transmission in case of PDCCH repetition
[bookmark: OLE_LINK71][bookmark: OLE_LINK75][bookmark: OLE_LINK55]DL transmission with both PDCCH repetition and PDSCH repetition can be achieved by 2 possible alternatives. Alt.1: PDSCH repetition can only starts at the end of PDCCH repetition, which is shown in Figure 2. As for Alt 1a, PDCCH repetition only occurs in the time domain and can be supported by configuring multiple first symbols of the CORESET. Both time and frequency domain are used for PDCCH repetition in Alt.1b and this may be used in case the time resource for a CORESET is not very sufficient.
[bookmark: OLE_LINK108][bookmark: OLE_LINK72]Alt.2: PDCCH repetition and PDSCH repetition start simultaneously, which is elaborated in Figure 3. For Alt.2, repetition for PDCCH and repetition for PDSCH can be started at the same TTI (e.g. 2OS mini-slot). When ACK is received by gNB, both PDCCH repetition and PDSCH repetition are terminated. When NACK is received by gNB, PDCCH repetition is terminated and PDSCH repetition is continued until ACK is received by gNB.
[image: ]
Figure 2 PDSCH repetition starts at the end of PDCCH repetition
[image: ]
[bookmark: OLE_LINK98][bookmark: OLE_LINK82]Figure 3 PDCCH repetition and PDSCH repetition start simultaneously
[bookmark: OLE_LINK67][bookmark: OLE_LINK56][bookmark: OLE_LINK84]Alt 1 can save processing resource for UE, as it only starts decoding PDSCH after received all the PDCCHs. However, it would introduce too much latency. This can easily exceed the 1ms boundary, since most relevant case is low frequency band with 15~60 kHz SCSs. Considering the processing resource is not limited for URRLC traffic, which is not for extremely high throughput, Alt.2 is slightly preferred. 
[bookmark: OLE_LINK99][bookmark: OLE_LINK111]Proposal 3: It is supported that repetition for PDCCH and repetition for PDSCH start simultaneously in time for URLLC.
[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK97]Overall, if any starting symbol/occasion is supported in case of PDCCH repetition, the complexity of UE processing will be increased significantly. Thus, starting symbol/occasion should be limited for PDCCH repetition. Although this would lead to additional latency, a small number of repetition such as 2 or 3 can be used. In such case, the 1ms latency can be also achieved with alt.2. Note the repetition is the only way to achieve URLLC in case of SCS = 15 kHz, while HARQ based retransmission can be used for larger SCS. As a result, repetition within 1ms can be used for URLLC with all potential SCS, including SCS=15 kHz.
[bookmark: OLE_LINK64]Proposal 4: Considering the different scenarios and performance benefit, all potential SCS can be used for URLLC.
Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: PDCCH repetition shall be supported to improve reliability of PDCCH for URLLC services.
Proposal 2: At least one of two following schemes for PDCCH repetition is supported. 
· PDCCH repetition within the same PDCCH monitoring occasion across multiple Search Spaces on different CORESETs.
· PDCCH repetition across multiple PDCCH monitoring occasions of the same Search Space and CORESET.
Proposal 3: It is supported that repetition for PDCCH and repetition for PDSCH start simultaneously in time for URLLC.
Proposal 4: Considering the different scenarios and performance benefit, all potential SCS can be used for URLLC.
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Annex
Table A-1Simulation Assumptions
	Parameter
	Value

	[bookmark: OLE_LINK53]DCI payload (excluding 24bits CRC)
	40bits

	System bandwidth
	20MHz

	[bookmark: OLE_LINK62]Carrier Frequency
	[bookmark: OLE_LINK54]700MHz

	Number of symbols for CORESET
	1

	CORESET BW (contiguous PRB allocation)
	20MHz

	Subcarrier spacing
	30 kHz, 15 kHz

	Aggregation level
	8

	Transmission type
	Interleaved(R=3 for 3OS,others,R=2)

	REG bundling size
	6

	Modulation 
	QPSK

	Channel coding
	Polar code (DCI)

	Transmission scheme
	1-port precoder cycling

	[bookmark: OLE_LINK100]Channel estimation
	Realistic

	[bookmark: OLE_LINK94]Channel model
	TDL-C (delay spread: 300ns) 

	UE speed
	3 km/h

	Number of BS antennas
	2Tx

	[bookmark: OLE_LINK101]Number of UE antennas
	[bookmark: OLE_LINK95]4Rx for 4G, 2Rx for 700MHz

	Residual target BLER 
	10^-5

	Deployment
	Urban macro as listed in 3GPP 38.802

	SINR target
	PDCCH Repetition study: look at link curves directly
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