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1
Introduction
The URLLC L1 study item was approved in RAN#80 [1] and updated in RAN#81 [2]. The following L1 enhancements were included as part of the objectives:

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 our companion contributions [3]-[10], we discuss each of these different aspects separately. In this contribution, we provide a summary of all the discussions and proposals on L1 enhancements.
2
DL system-level performance evaluation

We have peroformed the DL system-level simulations for Factory Automation and Power Distribution scenarios. The simulation assumptions and results are shown in [3].
For Factory Automation use case, we observe:

Observation 1: A latency of ~0.4 ms with 99.9999% reliability is achieved for factory automation scenarios, assuming 4 UEs per cell and mean arrival-times as short as 1 ms. The latency and reliability are requirements of 1 ms and 99.9999% are therefore fulfilled for the deployed UEs. 

Observation 2: Latency and reliability requirements for factory automation can be fulfilled for 25 UEs per cell and mean arrival-times as short as 1 ms. Evaluations with higher offered load are required to understand the URLLC capacity of the system.

Observation 3: For periodic industrial traffic, latency and reliability requirements for factory automation can be fulfilled for 25 UEs per cell and traffic periodicity of 2 ms assuming random offset between each UE’s transmission. A 1.1% outage is observed when increasing the traffic periodicity to 1 ms.

For Power Distribution use case, we observe:

Observation 4: Latency and reliability requirements for Power Distribution use cases are fulfilled for 8 UEs per cell and mean arrival-times as short as 1 ms. Evaluations with higher offered load are required to understand the URLLC capacity of the system.

3
Compact DCI
The necessity and the possible contents of compact DCI are discussed in [4]. We propose:

Proposal 1: If new compact DCI formats are to be specified, the design should target towards ~1 dB gain for AL16 (for the best case).

Proposal 2: If new compact DCI formats are to be specified, consider the new formats in Tabes 1 and 2, and align the size of the new DL and UL formats.
Table 1 Contents of the DCI formats for DL assignment
	Field
	Field length and notes

	
	Format 1_0
	Format 1_1
	New format

	Format identifier
	1 bit
	1 bit
	1 bit

	Carrier indicator
	
	0 or 3 bits
	No

	BWP indicator
	
	0 or 1 or 2 bits
	No

	Freq-domain RA
	9 bits (25 PRBs)

13 bits (100 PRBs)

16 bits (275 PRBs)
	variable
	Reduced # of bits with configurable # of RBs per RBG

(example: 9 bits for 100 PRBs with type 1 and RBG=4 RBs)

	Time-domain RA
	4 bits
	0-4 bits depending on RRC configuration
	Configurable, same as 1_1 (example: 2 bits)

	VRB-to-PRB mapping
	1 bit
	0 or 1 bit
	0 bit (use higher layer configuration)

	PRB bundling size indicator
	
	0 or 1 bit
	Configurable, same as 1_1 (example: 0 bit)

	Rate matching indicator
	
	0, 1, or 2 bits
	Configurable, same as 1_1 (example: 0 bit)

	ZP CSI-RS trigger
	
	0, 1, or 2 bits
	No

	MCS
	5 bits
	5 bits
	5 bits or configurable MCS entries (example: 3 bits)

	NDI
	1 bit
	1 bit
	1 bit

	RV
	2 bits
	2 bits
	2 bits or configurable (example: 1 bit)

	MCS for the 2nd TB
	
	5 bits
	No

	NDI for the 2nd TB
	
	1 bit
	No

	RV for the 2nd TB
	
	2 bits
	No

	HARQ process #
	4 bits
	4 bits
	Configurable (example: 2 bits)

	DAI
	2 bits
	0, 2 or 4 bits
	Configurable, same as 1_1 (example: 0 bits)

	TPC for PUCCH
	2 bits
	2 bits
	2 bits

	PUCCH resource indicator
	3 bits
	3 bits
	Configurable (example: 2 bits)

	PDSCH-to-HARQ feedback timing indicator
	3 bits
	0, 1, 2, or 3 bits
	Configurable, same as 1_1 (example: 1 bit)

	Ant ports
	
	4, 5, or 6 bits
	No

	TCI
	
	0 or 3 bits
	No

	SRS request
	
	2 or 3 bits
	No

	CBGTI
	
	0, 2, 4, 6 or 8 bits
	No

	CBGFI
	
	0 or 1 bit
	No

	DMRS sequence initialization
	
	0 or 1 bit
	No

	Number of repetitions
	
	
	Configurable (example: 0 bit)

	Total
	41 bits (100 PRBs)
	
	Example: 24 bits (100 PRBs)


Table 2 Contents of the DCI formats for UL grant
	Field
	Field length and notes

	
	Format 0_0
	Format 0_1
	New format

	Format identifier
	1 bit
	1 bit
	1 bit

	Carrier indicator
	
	0 or 3 bits
	No

	UL/SUL indicator
	
	0 or 1 bit
	No

	BWP indicator
	
	0 or 1 or 2 bits
	No

	Freq-domain RA
	9 bits (25 PRBs)

13 bits (100 PRBs)

16 bits (275 PRBs)
	varaible
	Reduced # of bits with configurable # of RBs per RBG

(example: 9 bits for 100 PRBs with type 1 and RBG=4 RBs)

	Time-domain RA
	4 bits
	0-4 bits depending on RRC configuration
	Configurable, same as 1_1 (example: 2 bits)

	Freq hopping flag
	1 bit
	0 or 1 bit
	Configurable, same as 1_1 (example: 0 bits)

	MCS
	5 bits
	5 bits
	5 bits or configurable MCS entries (example: 3 bits)

	NDI
	1 bit
	1 bit
	1 bit

	RV
	2 bits
	2 bits
	2 bits or configurable (example: 1 bit)

	HARQ process #
	4 bits
	4 bits
	Configurable (example: 2 bits)

	1st DAI
	
	1 or 2 bits
	No

	2nd DAI
	
	0 or 2 bits
	No

	TPC for PUSCH
	2 bits
	2 bits
	2 bits

	SRS resource indicator
	
	
	No

	Precoding / # of layers
	
	0-6 bits
	No

	Ant ports
	
	2-5 bits
	No

	SRS request
	
	2 or 3 bits
	No

	CSI request
	
	0-6 bits
	Configurable, same as 1_1 (example: 0 bit)

	CBGTI
	
	0, 2, 4, 6 or 8 bits
	No

	PTRS-DMRS association
	
	0 or 2 bits
	No

	Beta offset indicator
	
	0 or 2 bits
	No

	DMRS sequence initialization
	
	0 or 1 bit
	No

	UL-SCH indicator
	
	1 bit
	No

	padding
	
	
	

	UL/SUL indicator
	0 or 1 bit (Note this doesn’t change the DCI size)
	
	

	Number of repetitions
	
	
	Configurable (example: 0 bit)

	Total
	34 bits (for 100 PRBs, not counting UL/SUL indicator)
	
	Example: 21 bits (100 PRBs)


4
PDCCH repetition

In [5], we discuss PDCCH repetition enhancements taking performance, complexity, blocking and latency aspects into account as well as suggest enhancements to the blind/HARQ-less PDSCH/PUSCH repetition framework for NR URLLC. Based on the discussions, we propose:

Proposal 3: Enable gNB implementation specific PDCCH repetition (within or across monitoring occasions) without the need for UE combining.

· Required specification & implementation impact: The UE should not regard more than one received DL assignment for the same PDSCH / UL grant for the same PUSCH transmission as an error case.
Proposal 4: Support dynamic indication of blind/HARQ-less repetition for PDSCH/PUSCH in Rel-16. 

· FFS: size of bit field in the scheduling DCI, addressable repetition numbers
5
Increasing PDCCH monitoring capability
In [6], we discuss the maximum number of CCEs and BDs that a UE can support, more specifically, on how the Rel-15 UE capability significantly limits the performance of URLLC. We observe:
Observation 5: The current UE capability on the maximum number of CCEs for channel estimation per slot cannot support URLLC properly, so the number should be increased.

Observation 6: The current UE capability on the maximum number of BDs and the maximum number of CCEs for channel estimation for Case 2 in NR is much lower than for Rel-15 LTE sTTI.
To address the issue, we propose:

Proposal 5: Introduce a new definition for the number of BDs and CCEs for channel estimation that a UE can support for Case 2 with a half-slot granularity. A simple extension of the current capability per slot to per half-slot using the following table can be considered.
	SCS
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	Number of BDs per half-slot
	44
	36
	22
	20

	Number of CCEs per half-slot
	64
	64
	48
	32


6
Enhanced HARQ-ACK feedback
The necessity and possible approaches for HARQ-ACK enhancement for URLLC are discussed in [7]. We propose:
Proposal 6: Support multiple PUCCHs carrying HARQ-ACK in a slot. Detailed mechanism FFS.

Proposal 7: Introduce a 1-bit configurable field in DCI format 1_1 (and the new compact DCI if introduced) to indicate whether the corresponding HARQ-ACK should follow a separate feedback procedure (“Type-A” HARQ-ACK). Detailed feedback procedure FFS.

Proposal 8: Type-A SR can be multiplexed with Type-A HARQ-ACK on a PUCCH.

· FFS how to determine if a SR configuration belongs to Type-A (implicit or explicit)

· FFS whether other UCI may be configured to be multiplexed with Type-A HARQ-ACK on a PUCCH.

Proposal 9: PUCCH carrying Type-A HARQ-ACK/SR has higher priority than other regular PUCCH. FFS the exact handling of the lower priority channel.

Proposal 10: Consider the identification of a Type-A PUSCH, where Type-A HARQ-ACK/SR is allowed to be multiplexed on Type-A PUSCH, and study further the identification mechanism (implicit or explicit).

7
CSI enhancements
In [8], we firstly discuss the drawback of the existing CQI reporting mode for URLLC. The observations are:
Observation 7: The highly-variant channel quality due to the rapidly-varying cell activity represents a challenge for accurate URLLC link adaptation. In these scenarios, frequency-selective CQI reports may have limited benefit over wideband CQI reports.

Observation 8: For URLLC link adaptation, it is beneficial to have knowledge on the worst case SINR conditions experienced by the UE at a given time, i.e. the tail of the user channel quality distribution.

Based on the observations, we propose a CQI reporting mode that facilitates more accurate link adaptation for URLLC use cases as summarized in the following proposal:

Proposal 11: The UE can be configured to report to the gNB the CQI associated with the worst-M subbands for the defined target BLER, in addition to the wideband CQI. The details on the definition of the value of M, subband sizes as well as the coding of the two reported CQI values are FFS.
We also discuss in [8] the CSI enhancements for URLLC. Our observation is:

Observation 9: The terms ‘DMRS based CSI’, ‘A-CSI on PUCCH’ and ‘Triggering through DL assignment’ in the RAN1#94 agreement are not very clear and seem to cause some confusion in RAN1.  
Based on the observation, we propose:

Proposal 12: RAN1 to study at least the following CSI enhancements: 

· PDSCH based CQI measurement & reporting

· Whether CQI estimation is based on PDSCH DMRS or DL-SCH data is up to UE implementation

· CQI measurement report to be carried on PUCCH (together with the associated Ack/Nack)

· CQI measurement reporting details are FFS

· CQI measurement triggering through DL assignment
· Detailed signalling mechanism (e.g. explicit or implicit) is FFS
· CSI-RS based A-CSI measurement & reporting explicitly triggered by DL assignment

· DL assignment triggering details (field size etc.) are FFS

· CSI-RS based A-CSI measurement is independent of the transmitted PDSCH

· Supported CSI types and modes are FFS
· A-CSI report to be carried on PUCCH

· Details on PUCCH resource definition/indication in the DL assignment to carry A-CSI are FFS

· Contents of the A-CSI report is FFS

· The maximum payload size for A-CSI report on PUCCH is FFS
· Note: this is to be regarded as a generic Rel-16 enhancement (and not just URLLC specific)
8
PUSCH (&PDSCH) repetition enhancements

Mini-slot-level repetition within a slot is discussed in [9]. We observe:
Observation 10: The current NR design of blind/HARQ-less repetition of scheduled PDSCH & PUSCH has severe limitations in terms of the repetition periodicity affecting the achievable latency and (dynamic) repetition flexibility affecting the overall NR efficiency.

From the observation, we propose:

Proposal 13: Support scheduling based blind/HARQ-less repetition for PDSCH/PUSCH within a slot in Rel-16 (in addition to repetition across slots of Rel-15 NR). Details are FFS. 

Proposal 14: Support dynamic indication of blind/HARQ-less repetition for PDSCH/PUSCH in Rel-16. 

· FFS: size of bit field in the scheduling DCI, addressable repetition numbers

9
Out-of-order scheduling/HARQ-ACK/CSI processing time
The out-of-order scheduling, HARQ and CSI processing timeline are discussed in [10]. We propose:
Proposal 1: All Rel-16 UEs support out-of-order PUSCH scheduling (i.e. a PUSCH scheduled through a later UL grant can be transmitted earlier than another PUSCH scheduled through an earlier UL grant). FFS out-of-order PDSCH scheduling.

Proposal 16: All Rel-16 UEs support out-of-order HARQ-ACK.

Proposal 17: Support an additional, more stringent UE processing capability 3 for PDSCH & PUSCH in Rel-16 according to the following table:
	Processing time (symbols)
	Configuration
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS
	120 kHz SCS

	N1
	Front-loaded DMRS
	2.5
	2.5
	4.5
	9.5

	N2
	Freq-first RE-mapping
	2.5
	2.5
	4.5
	9.5


Proposal 18: Consider a UE capability that supports smaller A-CSI computation time. It can be further considered whether to attach certain conditions to the smaller CSI computation time.
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