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Introduction
[bookmark: OLE_LINK1]Requirements of URLLC are described in [1]. The reliability targets are: 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]NR has support for the repetition in slot level for eMBB services. However, the mechanism is mainly considering extreme large coverage and also only the data transmission is repeated. URLLC repetition must fulfill the target requirements. In order to achieve this, specifically, PDCCH repetition is under discussion.
[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_LINK5]As discussed in [2], the reliability of PDCCH decoding to support URLLC should be at least improved from the legacy reliability 99% to 99.9% with a maximum of 2 transmissions. Such an improvement needs about 2dB gain over the normal PDCCH. To further improve the reliability from 99.9% to 99.99%, another 2dB gain should be provided. For a one shot transmission, the reliability for PDCCH should be improved to over 99.999% which results in a needed gain of about 6dB compared with the legacy reliability of 99%.
[bookmark: OLE_LINK48][bookmark: OLE_LINK12][bookmark: OLE_LINK15][bookmark: OLE_LINK6]To reach those gains, potential methods include higher aggregation levels, compact DCI and PDCCH repetition. These techniques may be used by themselves or together with each other. About 1dB gain can be obtained by a compact DCI with about 10 bits reduced payload. If higher aggregation levels can be employed depends on availability of the resources. The current CCE design occupies 6 PRBs in one symbol. Considering the relatively small gain of the compact DCI and possible constraints to use higher aggregation levels, PDCCH repetition has to be considered as one solution in the NR specification in order to improve the reliability of the PDCCH.  
[bookmark: OLE_LINK41][bookmark: OLE_LINK16]Proposal 1: PDCCH repetition shall be supported to improve reliability of PDCCH for URLLC services.
Discussion on PDCCH repetition
[bookmark: OLE_LINK39][bookmark: OLE_LINK14][bookmark: OLE_LINK17][bookmark: OLE_LINK32][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK29]Table1 below lists possible cases for PDCCH repetitions within the same or across multiple PDCCH monitoring occasion(s) of the same or multiple Search Spaces (SS)/CORESETs. The cases 1-3 can be classified as repetition in the frequency domain, while the cases 4-6 can be seen as repetition in time domain or time + frequency domain.
Table 1 - Possible cases for PDCCH repetition
	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;
[bookmark: OLE_LINK33]No benefit for multiplexing different UEs;
Equals to larger aggregation level.

	Case 2
	Same occasion
Same CORESET
[bookmark: OLE_LINK13]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 in multiplexing different UEs.
SSs have to be associated with same CORESET

	Case 3
	[bookmark: OLE_LINK38]Same occasion
[bookmark: OLE_LINK19]Multiple CORESETs
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 in multiplexing different UEs

	Case 4
	[bookmark: OLE_LINK23]Multiple occasions
Same CORESET
Same SS
	[bookmark: OLE_LINK46]Repetition among Multiple occasions configured to same SS. Multiple start 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 in multiplexing different UEs.

	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 in multiplexing different UEs.
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.
Better than case5 in multiplexing different UEs



[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 repetition can be finished in one occasion, and more of the remaining time can be used for data repetition and HARQ timing. But this is not beneficial for multiplexing different UEs simultaneously. 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 for example. If the duration of the CORESET is 1 symbol and the start 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. 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_LINK47]Proposal 2: Two schemes for supporting PDCCH repetition are supported. 
· PDCCH repetition within the same PDCCH monitoring occasion across multiple Search Spaces on different CORESETs.
· PDCCH repetition across multiple PDCCH monitoring occasions of same Search Space/CORESET.
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: Two schemes for supporting PDCCH repetition are supported. 
· [bookmark: _GoBack]PDCCH repetition within the same PDCCH monitoring occasion across multiple Search Spaces on different CORESETs.
· PDCCH repetition across multiple PDCCH monitoring occasions of same Search Space/CORESET.
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