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6.1.1 Ultra Reliable Low Latency Communication for LTE
WID in RP-172845
6.1.1.1 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

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
6.1.1.2 Candidate techniques enabling URLLC for LTE

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

R1-1801864
Summary of [91-LTE-10] Email discussion on candidate techniques for LTE URLLC
Nokia, Nokia Shanghai Bell
6.1.1.2.1 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

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
6.1.1.2.2 PDSCH related techniques

Including link-level evaluation results
R1-1801688
DL Data Channel Enhancement for HRLLC
MediaTek Inc.

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

R1-1801866
On PDSCH enhancements for LTE URLLC
Nokia, Nokia Shanghai Bell

R1-1801872
PDSCH design for LTE URLLC
Huawei, HiSilicon

R1-1801942
Discussion on PDSCH related techniques for URLLC
Samsung

R1-1802181
PDSCH related techniques for LTE URLLC
LG Electronics

R1-1802350
PDSCH related techniques for URLLC
Qualcomm Incorporated

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

R1-1802879
URLLC techniques for PDSCH
Ericsson

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

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

At least variant 3 is supported. 

Other variants can also be supported.

Proposed offline consensus

Variant 3 is the baseline for evaluation.

Offline 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 UE repetitions
· Possible optimization on how to handle HARQ feedback
· Indication to the UE that the repetitions are applied via DCI or RRC configuration

Question 1: Do you think that a DL repetition scheme based on independent PDSCH assignment for each PDSCH transmission can improve the PDSCH reliability and/or the DL control reliability compared to no repetition scheme?
	Company
	Views

	ZTE
	Smaller improvement in reliability compared to other scheme

	Qualcomm
	DL control diversity. PDSCH combining.

	Huawei
	Improved reliability compared to single PDSCH/PDCCH transmission. But unknown /less reliability improvement compared to other scheme

	Ericsson
	Yes and it is the most straightforward solution

	LGE
	Some reliability improvement but issue if UE misses previous (first and second for instance) DL assignments in case a fixed nr of repetitions is configured

	Intel
	From link level, benefits are clear. But from system level perspective, there is some issue in terms of capacity (DL control overhead issue)

	Mediatek
	Same as Ericsson

	Nokia
	DL control reliability compared to single shot scheduling of blind repetition


Question 2: Which specification effort/changes do you think are needed to support a DL repetition scheme based on independent PDSCH assignment for each PDSCH transmission?

	Company
	Views

	Intel
	At least UE capability and RRC configuration and possible optimization on how to handle HARQ feedback

	Mediatek
	UE needs to know that the repetitions are applied via DCI or RRC configuration
Implementation-wise it is not likely to be a more significant issue compared to other repetition schemes

	Nokia
	The only spec impact is the clarification that a retransmission can occur back to back with the initial TB transmission. Issue to solve: do we report HARQ feedback for each repeated PDSCH?

	Huawei
	Spec impact is that if a retransmission occurs back to back with the initial TB transmission it should not be treated as PDCCH false alarm.

	Qualcomm
	Minor impact on RAN1 spec but on implementation


Question 3: What are the benefits of a different DL repetition scheme?

	Company
	Views

	Mediatek
	PDCCH capacity (only one assignment for a sequence of repetition) and PDCCH reliability

	ZTE
	Increased PDCCH capacity (do not repet always PDCCH, maybe only partial repetition of PDCCH) and increased PDCCH reliability because in other scheme PDCCH in the repetitions can be combined


6.1.1.2.3 UL control related techniques

Including link-level evaluation results
R1-1801388
PUCCH design for LTE URLLC
Huawei, HiSilicon

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

R1-1801699
ACK/NACK feedback reliability for LTE URLLC
MediaTek Inc.

Withdrawn

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

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

R1-1802182
UL control related techniques for LTE URLLC
LG Electronics

R1-1802351
UL control related techniques for URLLC
Qualcomm Incorporated

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

R1-1802880
On PUCCH/SPUCCH reliability enhancement for URLLC
Ericsson
6.1.1.2.4 PUSCH related techniques

Including link-level evaluation results
R1-1801387
PUSCH design for LTE URLLC
Huawei, HiSilicon

R1-1801778
Discussion on PUSCH related techniques for LTE URLLC
ZTE, Sanechips

R1-1801944
Discussion on PUSCH related techniques for URLLC
Samsung

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

R1-1802881
URLLC techniques for PUSCH
Ericsson
	Info:
At RAN2#101, in Athens, RAN2 agreed (see chairman notes: link)
Agreements

A variable number of consecutive repetitions in time for SPS UL should be supported and is to be controlled by the eNB through RRC signalling.

RAN1 agreed the following NR UL SPS repetition schemes

· UL transmission without grant
· The possible values of the repetition K are four values and are {1, 2, 4, 8}

· For grant-free UL transmission, the UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P

· Repetitions of the UL transmission 

· For RV sequence {0, 2, 3, 1, 0, 2, 3, 1}, the initial transmission of a TB shall start at the first transmission occasion of the K repetitions.

· For RV sequence {0, 3, 0, 3}, the initial transmission of a TB can start at any of the transmission occasions of the K repetitions that are associated with RV=0.

· For RV sequence {0, 0, 0, 0}, the initial transmission of a TB can start at any of the transmission occasions of the K repetitions;




Offline consensus:
For LTE URLLC operation, an UL SPS configuration is supported where a UE can start the initial transmission of a TB at any (s)TTI
· Note: this can be supported by a NR-like SPS UL repetition scheme or by a different SPS UL repetition scheme.

Offline consensus
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

Question 1: Do you agree with Proposal 1?

	Company
	Views

	Huawei
	yes

	ZTE
	yes

	Qualcomm
	yes

	Intel
	yes

	Ericsson
	yes

	LGE
	yes

	Nokia
	yes

	Motorola
	yes

	Mediatek
	yes


Question 2: Is K a nominal number of repetitions or is K the guaranteed number of repetitions under certain conditions related to collision with e.g. new data arrival or scheduled PUSCH?
	Company
	Views

	Intel
	Guaranteed K repetitions if all issues are resolved. Issues are among others:
· 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



	QC
	Same as Intel

	Huawei
	Same as Intel. An additional issue is
· Reduced reliability with sliding window of K repetitions due to eNB not knowing the start of the repetition sequences

	LGE
	Same as Intel

	ZTE
	Same as Intel 


6.1.1.3 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
