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1. Introduction
A new SID on Physical Layer Enhancements for NR URLLC [1] is agreed in RAN 80 meeting. In this new SID, URLLC L1 improvements are listed as following, 
URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)
In this contribution, we present our views on URLLC L1 improvements on PDCCH repetition, compact DCI and PDCCH blind detection.
2. Discussion 
2.1 PDCCH repetition
For a given carrier, PDCCH repetitions can be transmitted over the same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space. Therefore, there are four combined methods for PDCCH repetitions:
· Same PDCCH monitoring occasion in one CORESET
· Same PDCCH monitoring occasion in multiple CORESETs
· Multiple PDCCH monitoring occasions in one CORESET
· Multiple PDCCH monitoring occasions in multiple CORESETs
Same PDCCH monitoring occasion in one CORESET
[bookmark: OLE_LINK10]PDCCH repetitions over one PDCCH monitoring occasion in one CORESET. It means lower latency for PDCCH transmission and reception, but more PDCCH resources in this CORESET and higher blocking probability within the UE group sharing the CORESET. The procedure with soft combine on PDCCH repetitions is described below.
· RRC configures a maximum number N of PDCCH repetitions.
· Reuse the hash function of search space to get the starting CCE n of PDCCH candidate m with aggregation level L, which is the first transmission of PDCCH.
· Based on the information of the first PDCCH transmission, UE directly gets the information of the remaining PDCCH repetitions without blind decoding, including the same aggregation level and different starting CCEs. The key point is how to decide the starting CCE index for the remaining PDCCH repetitions and reduce the probability of blocking with other PDCCHs. 
In this case, however, a more straightforward and easier method is to use larger aggregation level other than PDCCH repetitions. It can achieve similar performance gain and without any specification modifications. So we prefer not to support PDCCH repetitions in the same PDCCH monitoring occasion in one CORESET.
Proposal 1: Not support PDCCH repetitions in the same PDCCH monitoring occasion in one CORESET.
Same PDCCH monitoring occasion in multiple CORESETs
PDCCH repetitions over one PDCCH monitoring occasion in multiple CORESETs. The latency for PDCCH transmission and reception can be reduced as well, but more related CORESETs for this search space need to be configured. The procedure considering soft combine on PDCCH repetitions is also described below.
· RRC configures a maximum number N of PDCCH repetitions, and configures one search space associated with more than one CORESET, or defines a default CORESET for this search space. UE only monitors PDCCH in the default CORESET, and if UE has detected one PDCCH candidate, UE will get the other PDCCH repetitions based on the high layer configuration or a set of rules.
· Reuse the hash function of search space to get the starting CCE n of PDCCH candidate m with aggregation level L in default CORESET, which is the first transmission of PDCCH.
· Based on the information of the first PDCCH transmission in the default CORESET, UE directly gets the information of the remaining PDCCH repetitions without blind decoding in the multiple related CORESETs, including the same aggregation level, different starting CCEs and the related CORESET indexes. 
In this case, the key point is how to decide the CORESET index and the starting CCE index for the remaining PDCCH repetitions and reduce the probability of blocking with the other PDCCHs. 
Multiple PDCCH monitoring occasions in one CORESET
[bookmark: OLE_LINK13][bookmark: _GoBack]PDCCH repetitions over multiple PDCCH monitoring occasions in one CORESET is a time-domain PDCCH repetition scheme. Some contributions propose to use the PDCCH and PDSCH pair in order to reduce the delay for PDCCH transmission and reception compared with MPDCCH repetitions introduced in LTE eMTC. And based on PDCCH repetition, soft combing among these repetitions is another scheme proposed by some companies to improve the BLER performance further. 

When soft combine is supported in this case, how to determine the starting position of PDCCH repetitions, there can be several alternatives.
Alt1: reuse the method in eMTC, only fixed position can be used as the first PDCCH. Obviously, large delay is introduced for URLLC traffic.
Alt2: using UE specific DMRS sequence to decide whether there is a PDCCH for this UE. However, DMRS sequence is PN sequence. When it is used as a justification to determine the existence of one UE’s PDCCH, the performance should be evaluated in difference scenarios. 
Alt3: PDCCH repetition never cross the boundary of a slot, which can avoid the combination problem, but it will limit the repetition number of PDCCH, since a maximum PDCCH repetition number depends on the monitoring occasions.

However, it is noted that, soft combing will also introduce problems such as soft combing design and the corresponding complexity, the number of blind decoding, blind decoding latency and specification modifications, and these overheads may become large to UE. So from the UE perspectives, we prefer PDCCH repetition without soft combine if the requirement of BLER performance can be satisfied.

Multiple PDCCH monitoring occasions in multiple CORESETs
PDCCH repetitions over multiple PDCCH monitoring occasions in multiple CORESETs. It is a combined solution for the previous methods with large delay and more related CORESETs. So in our views, it is with lower priority to be introduced in URLLC.
Proposal 2: PDCCH repetitions over multiple PDCCH monitoring occasions in multiple CORESETs should be with low priority in URLLC.
Proposal 3: Soft combing among PDCCH repetitions should be deprioritized if the BLER performance is satisfied.

2.2 Compact DCI 
In order to reduce the DCI payload, only crucial fields should be remained in the compact DCI, in addition, for the fields in compact DCI, the number of bits should be further reduced.
DL compact DCI should include following fields,
Header: 1 bit to distinguish from UL compact DCI.
Frequency domain resource allocation: 6-10 bits.
Time domain resource allocation: 0-2 bits, for URLLC mini-slot scheduling, the starting symbol should be defined with respect to the responding DCI to reduce the size of DCI payload.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]VRB-to-PRB mapping: 0-1 bit.
HARQ process: 1-2 bits, considering the 1ms time boundary of URLLC traffic, there will not be too many URLLC HARQ processes at the same time, 2 or 4 processes will be enough for URLLC traffic.
MCS: 5 bits.
RV: 0-1 bit, considering the low data rate of URLLC, IR gain will not be evident.
NDI: 1 bit.
HARQ-ACK timing: 0-2 bits, K1 can be indicated in number of OFDM symbols instead of slots for URLLC traffic.
TPC: 2 bits.
ARI: 0-2 bits
The total number of bits for DL compact DCI should be in the range of 16-29 bits.
For UL compact DCI, HARQ-ACK timing, VRB-to-PRB mapping and ARI fields are not necessary but 1 bit frequency hopping flag field is necessary. The bits for each field are listed in Table 1.
Table 1. Compact DCI formats
	DCI format
	DL
	UL

	Header
	1
	1

	Frequency domain resource allocation
	6-10
	6-10

	Time domain resource allocation
	0-2
	0-2

	VRB-to-PRB mapping
	0-1
	

	HARQ process
	1-2
	1-2

	MCS
	5
	5

	RV
	0-1
	0-1

	NDI
	1
	1

	HARQ-ACK timing 
	0-2
	　

	TPC 
	2
	2

	ARI
	0-2
	　

	Frequency hopping flag
	　
	1

	Total payload size
	16-29
	17-25


Proposal 4: Considering the compact DCI formats in Table 1 for URLLC.
2.3 PDCCH blind detection
The following agreements were agreed in RAN1 93 meeting [3].
Agreements:
· Clarify the agreements at RAN1#91 as follows:
· Case 1: PDCCH monitoring of all SS sets that are monitored in a slot occurs within 3 consecutive OFDM symbols that have fixed positions in each slot periodicity of 14 or more symbols
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot
· Case 2: PDCCH monitoring other than Case 1periodicity of less than 14 symbols
· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot

In RAN1 #93 meeting, three cases are further clarified for BD/CCE limits discussion. In URLLC, PDCCH monitoring is more frequent than eMBB, and case 2 is a normal case for URLLC especially for 15 kHz and 30 kHz SCS. In the current BD/CCE limits definition, case 2 uses the same maximum number of BDs and CCEs as case 1-1 and case 1-2. For UEs supporting URLLC and eMBB simultaneously, the number of BDs and CCEs for channel estimation may be split between URLLC and eMBB. To meet the BD/CCE limits, the maximum allowable number of PDCCH candidates can be restricted for URLLC. Also, the number of PDCCH candidate(s) at certain aggregation level can be limited to certain values for URLLC. There are many solutions to keep the current BD/CCEs limits in order to reduce UE complexity. Thus, we propose that PDCCH monitoring capability are not increased for URLLC PDCCH. 
Proposal 5: For URLLC, the number of BDs and CCEs for channel estimation that a UE can support is defined as current. 
3. Conclusion
In this contribution, we present our views on URLLC PDCCH improvements, based on the above discussion, we have the following observations and proposals:
Proposal 1: Not support PDCCH repetitions in the same PDCCH monitoring occasion and in one CORESET.
Proposal 2: PDCCH repetitions over multiple PDCCH monitoring occasions in multiple CORESETs should be with low priority in URLLC.
Proposal 3: Soft combing among PDCCH repetitions should be deprioritized if the BLER performance is satisfied.
Proposal 4: Considering the compact DCI formats in Table 1 for URLLC.
Proposal 5: For URLLC, the number of BDs and CCEs for channel estimation that a UE can support is defined as current. 
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