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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 including PDCCH repetition, compact DCI, PDCCH blind detection, PUCCH enhancement and UE processing time.
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 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. 
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 is 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. 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]PDCCH repetitions over multiple PDCCH monitoring occasions in one CORESET. 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. But one key point is how to determine the starting position of PDCCH repetitions, there are 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.
Observation 1: It is necessary to consider how to determine the starting position of PDCCH repetitions.
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 1: PDCCH repetitions over multiple PDCCH monitoring occasions in multiple CORESETs should be with low priority in URLLC.
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 2: 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 3: For URLLC, the number of BDs and CCEs for channel estimation that a UE can support is defined as current. 
2.4 PUCCH 
DCI can indicate the slot index for HARQ-ACK PUCCH resource, and the PUCCH starting symbol is depended on the PUCCH resource determined by UCI payload and PUCCH resource indicated in DCI. It implies there is at most one HARQ-ACK PUCCH transmission in a slot. So considering the strict delay requirement of URLLC traffic, it is necessary to increase the transmission opportunities of HARQ-ACK PUCCH within a slot. Obviously, the current mechanism cannot be satisfied.
In our opinion, there can be several alternatives, some of them have been discussed in the previous contributions [4], [5].
Alt1: RRC PUCCH resource configuration indicates the relative symbol indices in the unit of symbols between the PDSCH reception/DL SPS release and the HARQ-ACK PUCCH transmission, which is different from RRC configuring the number of slots between the PDSCH and the PUCCH feedback HARQ-ACK information. DCI uses ARI to indicate the PUCCH recourse in PUCCH resource sets. But there is no K1 indication in DCI.
Alt2: PUCCH recourse configured by RRC is configured without starting symbol information. K1 in DCI indicates the symbol offset from the last symbol of PDSCH to the first symbol of PUCCH. And DCI uses ARI to indicate the PUCCH recourse in PUCCH resource sets.
Alt3: DCI indicates PUCCH resource using ARI, but without K1 in DCI. Selected PUCCH resource position satisfies UE processing timeline.
· RRC configures PUCCH resources without starting symbol information. It can be start at any UL symbol or flexible symbol satisfying UE processing timeline which is later than PDSCH ending symbol + Max (N1+d1, the first useable symbol of PUCCH resources in the resource set)
Alt4: DCI uses ARI to indicate the PUCCH recourse in PUCCH resource sets but without K1 in DCI. K1 can be 0 or 1, depends on the selected PUCCH resource starting symbol and the UE processing timeline.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Alt4-1: DCI use ARI to indicate the PUCCH recourse in PUCCH resource sets but without K1 in DCI. RRC configures PUCCH resources with several starting symbols, and UE chooses the earliest PUCCH resource satisfying the processing timeline. Alternatively, RRC configures PUCCH resources with one starting symbol, but UE can use several starting symbols with a predefined rule and then chooses the earliest PUCCH resource satisfying the processing timeline.
Observation 2: There can be different methods to support multiple HARQ-ACK PUCCH resources in a slot. It is necessary to consider the balance of PUCCH number in a slot and the configuration payload.
2.5 UE processing time
[bookmark: OLE_LINK14]The following agreements for UE capability #2 were agreed in RAN1 93 meeting [3].
Agreements:
The Capability #2 for (Aggressive) UE processing time in Rel-15 is supported under the following conditions
· Non-CA
· Note: this does not preclude EN-DC
· FFS CA case with Capability #2 supported on only one or more of the carriers, and potential handling of some special cases
· Single numerology for PDCCH, PDSCH, and PUSCH for the serving cell
· PDSCH/PUSCH allocation with mapping Type A and Type B
· For PDSCH mapping type A with last PDSCH symbol ending in symbol ‘i' of a slot, where i < 7 
· N1 processing time is increased by (7-i) relative to the case where i=7.
· (Working assumption) For PDSCH mapping type B with 4 or 2 symbols
· N1 processing time is increased by ‘d’ symbols relative to the case of PDSCH with 7 symbols, where ‘d’ is the amount of time-domain overlap in symbols between the scheduling PDCCH and the scheduled PDSCH
· FFS: handling of 3-symbol CORESET where first 2 symbols of CORESET are overlapped with a 2-symbol PDSCH
· No UCI multiplexing
· FFS: whether similar multiplexing rule as with Capability #1 may be included
· For C-RNTI
· FFS: simultaneous reception with broadcast PDSCH
· Note: The UE signals whether Capability #2 is supported for each SCS, and separately for uplink and downlink

Agreements:
The Capability #2 UE processing times are given below, where the PDSCH allocation length is assumed to be at least 7 symbols.
· [bookmark: _Hlk514404180]N1
· 15kHz: N1 = 3
· 30kHz: N1 = 4.5
· Note: as part of UE capability, 
· UE may report support with maximum scheduled RB allocation of 136 RBs
· If RB allocation by scheduling exceeds the maximum signaled, UE defaults to Capability #1 processing time
· OR UE may report support with no restriction on maximum scheduled RB allocation
· 60kHz for FR1: 9
· N2 	
· 15kHz: N2 = 5 for CP-OFDM & For DFT-S-OFDM
· 30kHz: N2 = 5.5
· 60kHz for FR1: 11
· If 1st symbol of PUSCH is data-only or FDM data with DMRS, then add 1 symbol to N2.

[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In DL scheduling, in case of 15 kHz SCS, assume the URLLC PDCCH is monitored in ever OFDM symbol of a slot and the duration of CORESET is one OFDM symbol, the length of URLLC PDSCH is 2 OFDM symbols. One way latency including the average waiting time, TTI, UE processing time and other processing time.
The average waiting time is 0.5 OS since the period of the PDCCH monitoring occasion is 1 OS. 
The TTI is 3 OS (1 OS for PDCCH and 2 OS for PDSCH), 
UE processing time is 3 OS according the above agreements
Other processing time including packet to be sent to/from higher layers is assumed to be 0.5 OS.
In total, the whole latency is 7 OS, therefore, the URLLC one way latency requirement is satisfied.
Compared with DL scheduling, UL one way latency can be further reduced with configured grant transmission since the processing time of gNB is much shorter than UE.
In addition, UE capability #1 with 60kHz and 120kHz SCS can also satisfy the URLLC latency requirements.
Observation 3: Current UE capabilities are able to satisfy URLLC latency requirements.
Proposal 4: It is not necessary to define a more rigorous UE capability for URLLC.
3. Conclusion
In this contribution, we present our views on URLLC L1 improvements, based on the above discussion, we have the following proposals:
Observation 1: It is necessary to consider how to determine the starting position of PDCCH repetitions.
[bookmark: _GoBack]Observation 2: There can be different methods to support multiple HARQ-ACK PUCCH resources in a slot. It is necessary to consider the balance of PUCCH number in a slot and the configuration payload.
Observation 3: Current UE capabilities are able to satisfy URLLC latency requirements.
Proposal 1: PDCCH repetitions over multiple PDCCH monitoring occasions in multiple CORESETs should be with low priority in URLLC.
Proposal 2: Considering the compact DCI formats in Table 1 for URLLC.
Proposal 3: For URLLC, the number of BDs and CCEs for channel estimation that a UE can support is defined as current.
Proposal 4: It is not necessary to define a more rigorous UE capability for URLLC.
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