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1.1.1 Ultra Reliable Low Latency Communication for LTE
WID in RP-172845
R1-1803165
Output of LTE URLLC Offline Discussion
Ericsson

R1-1803169
[DRAFT] LS on Ultra Reliable Low Latency Communication for LTE
Ericsson

Final LS approved in R1-1803171
1.1.1.1 Remaining details of evaulations

Focus on remaining issues, e.g., Q value for PUSCH for urban Macro/indoor for system level evaluations, packet sizes for link-level evaulations, etc.

R1-1801385
Summary of email discussion on the link level evaluation for LTE URLLC
Huawei, HiSilicon

Agreement: 

Use the following in link level simulations

	Modulation and coding rate
	IMCS={0,3} (see 3GPP TS 36.213, table 7.1.7.1-1 and table 8.6.1-1)
The use of other MCSs is not precluded

	Packet size
	32 bytes at Layer 2 PDU as a baseline for the 1 ms latency bound

32 and 100 bytes at Layer 2 PDU as a baseline for the 10 ms latency bound

	UE TX antenna configuration
	1TX port as baseline

	UE RX antenna configuration
	2/4 RX ports for the 2 GHz case


Agreement:
Only the Q-values derived for the macro scenario are used for link-level evaluations
Agreement: 

The reliability of each channel are evaluated independently by link level simulation. The overall reliability is computed analytically based on the reliability obtained in link level simulation (companies report their details in analysis). When repetitions/retransmissions are used, the performance for PDSCH/PUSCH with repetitions/retransmissions is evaluated in a single simulation where correlations in the channel for the different repetitions is modelled.
Agreement:
Q values used for PUSCH for macro scenario is 2.5 dB. 

Note: The Q value used was derived based on an average of interference over time with the nodes in the network using a proportional fair scheduler.

R1-1801774
System-level evaluations for LTE URLLC
ZTE, Sanechips

R1-1801868
Remaining details of evaluations
Huawei, HiSilicon

R1-1802348
Remaining details of evaluations
Qualcomm Incorporated

R1-1802877
Remaining details of URLLC for LTE evaluations
Ericsson

Agreement:
The following PUCCH formats are used as a baseline in the evaluations 

· PUCCH format 1a 

· Slot-sPUCCH format 1b

· Subslot-sPUCCH format 1b
1.1.1.2 Candidate techniques enabling URLLC for LTE

R1-1801864
Summary of [91-LTE-10] Email discussion on candidate techniques for LTE URLLC
Nokia, Nokia Shanghai Bell

R1-1801386
Overview of candidate techniques for LTE URLLC
Huawei, HiSilicon

1.1.1.2.1 DL control related techniques

Including link-level evaluation results
R1-1801389
PDCCH design for LTE URLLC
Huawei, HiSilicon

R1-1801687
DL Data Control Enhancement for HRLLC
MediaTek Inc.

R1-1801775
Discussion on PDCCH related techniques for LTE URLLC
ZTE, Sanechips

Agreement:
There is no need to consider solutions that enable transmission by the eNB of a single PDCCH/sPDCCH candidate over more than 16 CCEs/sCCEs.

Agreement:
One or more of the following solutions are needed for DL control for URLLC operation

· A reduced size/compact DCI is needed for URLLC operation

· Study the design of reduced size/compact DCI. The studies should at least include the use of 

· reduced resource allocation

· reduced MCS signaling overhead

· Use of multiple PDCCH/sPDCCH for URLLC operation

· Study whether the multiple PDCCHs are repetitions that need to be combined to decode a single PDCCH 

· Study whether the DCI contents need to be the same across the multiple PDCCH assignments

· Use aggregation level greater than 8

· Study PDCCH candidate aggregation or definition of a single candidate with a higher aggregation level

Agreement: 

Study the effect of false alarm rate on the URLLC performance. Candidate techniques to solve the issues (if identified) may (beside others) include using larger CRC size as well as using (a-priory) known information field content.

R1-1801865
On DL control enhancements for LTE URLLC
Nokia, Nokia Shanghai Bell

R1-1801941
Discussion on DL control related techniques for URLLC
Samsung

R1-1802180
Candidate techniques for DL control for LTE URLLC
LG Electronics

R1-1802349
DL control related techniques for URLLC
Qualcomm Incorporated

R1-1802568
DL control channel enhancements for LTE URLLC
Intel Corporation

R1-1802674
DL control aspects of URLLC
Motorola Mobility, Lenovo

R1-1802878
Techniques for downlink control in URLLC
Ericsson

R1-1802887
DL Control Techniques for LTE URLLC
Fraunhofer HHI

Late submission

1.1.1.2.2 PDSCH related techniques

Including link-level evaluation results
R1-1801866
On PDSCH enhancements for LTE URLLC
Nokia, Nokia Shanghai Bell

R1-1802569
DL shared channel enhancements for LTE URLLC
Intel Corporation

R1-1802350
PDSCH related techniques for URLLC
Qualcomm Incorporated

R1-1801688
DL Data Channel Enhancement for HRLLC
MediaTek Inc.

R1-1801776
Discussion on PDSCH related techniques for LTE URLLC
ZTE, Sanechips

R1-1801872
PDSCH design for LTE URLLC
Huawei, HiSilicon

R1-1801942
Discussion on PDSCH related techniques for URLLC
Samsung

R1-1802879
URLLC techniques for PDSCH
Ericsson

Agreement:
The work item supports blind/HARQ-less repetition for PDSCH in different TTIs.

FFS: Details among the four identified variants and including UE capability

Conclusion:
The impact of blind/HARQ-less PDSCH repetitions on RAN1 specification is at least:

· clarification that a retransmission can occur back to back with the initial TB transmission 
· UE capability and RRC configuration to enable repetitions
· Possible optimization on how to handle HARQ feedback
· Indication to the UE that the repetitions are applied via DCI or RRC configuration

R1-1802991
PDSCH related techniques for LTE URLLC
LG Electronics

Revision of R1-1802181
R1-1803108
Proposal on the list of candidate studies for DL data for LTE URLLC operation 
Ericsson, LG Electronics

Agreement:
Changes to the frame structure and TTI length are not considered in this work item.

Agreement:
One or more of the following solutions for DL data are needed for URLLC operation 
· blind/HARQ-less PDSCH repetition in different TTIs
· Consider the following variants
· Variant 1: dynamic indication of the PDSCH repetition factor in DCI
· Variant 2: semi-static configuration of the PDSCH repetition factor over RRC
· Variant 3: independent PDSCH assignment for each PDSCH transmission
· Variant 4: combination of semi-static and dynamic indication (combination of variants 1 and 2)

· Study if and how PDSCH repetition can be combined with TTI level FH. 

· URLLC PDSCH MCS design/operation

· Consider the need for URLLC PDSCH MCS design considering other candidate techniques such as blind/HARQ-less PDSCH repetition as well as the compact DCI design.

· Study the following aspects

· the MCS range for URLLC operation e.g. support of lower MCS, maximum supported MCS

· Combination of MCS with other information e.g. RV, number of repetitions

· URLLC related CQI enhancements
· Consider CQI definition
· lower target BLER(s) for URLLC CQI/CSI

· the CQI relation with lower PDSCH MCS and/or PDSCH repetition.
· Consider CQI reporting enhancements 
· Note: The need for preemption techniques can also be discussed
1.1.1.2.3 UL control related techniques

Including link-level evaluation results
R1-1802182
UL control related techniques for LTE URLLC
LG Electronics

R1-1801388
PUCCH design for LTE URLLC
Huawei, HiSilicon

R1-1802351
UL control related techniques for URLLC
Qualcomm Incorporated

R1-1801673
ACK/NACK feedback reliability for LTE URLLC
MediaTek Inc.

R1-1801777
Discussion on PUCCH related techniques for LTE URLLC
ZTE, Sanechips

R1-1802880
On PUCCH/SPUCCH reliability enhancement for URLLC
Ericsson
R1-1801699
ACK/NACK feedback reliability for LTE URLLC
MediaTek Inc.

Withdrawn

R1-1801943
Discussion on UL control related techniques for URLLC
Samsung

R1-1802798
On UL control enhancements for URLLC
Nokia, Nokia Shanghai Bell

R1-1803105
Proposal on the list of candidate studies for UL control for LTE URLLC operation
LG Electronics, Ericsson

Agreements:
The following are studied for UL control for URLLC operation
· TPC enhancements

· Different TPC parameters (e.g., P0)
· sTTI length dependent power boosting

· HARQ-ACK state dependent power boosting and constellation mapping

· PUCCH repetition techniques.  

· The need for PUCCH enhancements for URLLC
· Modifications to the beta-offset for UCI on PUSCH
1.1.1.2.4 PUSCH related techniques

Including link-level evaluation results
R1-1801778
Discussion on PUSCH related techniques for LTE URLLC
ZTE, Sanechips

R1-1802881
URLLC techniques for PUSCH
Ericsson

Agreements:
For LTE URLLC operation, at least an UL SPS repetition configuration is supported where a UE can start the initial transmission of a TB at any (s)TTI

Agreement:
RAN1 should strive to design a UL SPS repetition scheme where the number of repetitions K is guaranteed under certain conditions related to collision with e.g. new data arrival or scheduled PUSCH. The so far identified issues to solve are:

· Ambiguity of HARQ process between eNB and UE and reception performance because eNB may not know if the received transmission is the first transmission of a new TB or a repetition of a previous TB
· Phase continuity when transmitting SRS or when crossing the subframe boundary
R1-1801944
Discussion on PUSCH related techniques for URLLC

Samsung

R1-1801387
PUSCH design for LTE URLLC
Huawei, HiSilicon

R1-1802183
PUSCH related techniques for LTE URLLC
LG Electronics

R1-1802352
PUSCH related techniques for URLLC
Qualcomm Incorporated

R1-1802799
On PUSCH enhancements for URLLC
Nokia, Nokia Shanghai Bell

Agreement: 
Study PUSCH repetition (on TTI level) as one key UL SPS enhancement for URLLC and study further how to realize it. The studies should at least include indication of the repetition factor in the activation DCI, higher layer configuration of the repetition factor and combining PUSCH repetition with TTI level FH.
R1-1803109
Proposal on the list of candidate studies for UL data for LTE URLLC operation

Ericsson, LG Electronics
Agreement:
One or more of the following solutions for UL data are needed for URLLC operation 
· blind/HARQ-less PUSCH repetition for scheduled PUSCH in different TTIs
· Consider the following variants
· Variant 1: dynamic indication of the PUSCH repetition factor in DCI
· Variant 2: semi-static configuration of the PUSCH repetition factor over RRC
· Variant 3: independent PUSCH grant for each PUSCH transmission
· Variant 4: combination of semi-static and dynamic indication (combination of variants 1 and 2)

· Study if and how PUSCH repetition can be combined with TTI level FH. 

· URLLC MCS design/operation

· Consider the need for URLLC MCS design considering other candidate techniques such as blind/HARQ-less PUSCH repetition as well as the compact DCI design.

· Study the following aspects

· the MCS range for URLLC operation e.g. support of lower MCS, maximum supported MCS

· Combination of MCS with other information e.g. RV, number of repetitions
· PUSCH TPC enhancements 

· Study the following aspects

· separate TPC loops

· separate TPC parameters 

· sub-band specific TPC
· UL preemption techniques
1.1.1.3 Others

R1-1801390
LTE URLLC and eMBB multiplexing
Huawei, HiSilicon

R1-1801869
CSI and MCS design for LTE URLLC
Huawei, HiSilicon

R1-1801873
Compact DCI for LTE URLLC
Huawei, HiSilicon

R1-1802882
Latency for URLLC
Ericsson

R1-1802883
Reliability for URLLC
Ericsson

