3GPP TSG RAN WG1 Meeting #93

      
R1-1807452
Busan, Korea, May 21st – 25th, 2018
Title:
Notes of the offline session on PDSCH repetition for LTE URLLC
Source: Ericsson

AI: 6.2.8.1
During the offline consensus on PDSCH repetition for LTE URLLC on May 21 and May 22, the proposals in sections 0 to 5 were discussed and offline consensus were reached. The offline consensus are marked yellow.
0 Introduction

The following contributions have been submitted to AI 6.2.8.1 “Blind/HARQ-less Repetition for Scheduled DL-SCH Operation” of RAN1#93.
R1-1805867
Blind/HARQ-less Repetition for Scheduled DL-SCH Operation
Huawei, HiSilicon

R1-1805993
Blind/Harq-less repetitions for scheduled DL-SCH in LTE HRLLC
MediaTek Inc.

R1-1806385
On remaining details of blind/HARQ-less PDSCH repetition
Nokia, Nokia Shanghai Bell

R1-1806494
Remaining details of PDSCH repetitions
Intel Corporation

R1-1806598
Discussion on blind/HARQ-less PDSCH repetition for URLLC
LG Electronics

R1-1806697
Discussion on PDSCH repetition
Samsung

R1-1806769
Remaining issues on PDSCH repetition for LTE URLLC
ZTE

R1-1807121
Blind and HARQ-less Repetition for Scheduled DL-SCH Operation
Qualcomm Incorporated

R1-1807273
PDSCH aspects of LTE-URLLC
Motorola Mobility, Lenovo

R1-1807302
Remaining details on URLLC techniques for PDSCH
Ericsson

The main aspects to solve are:

· Supported nr of repetitions

· DCI field for nr of repetitions

· HARQ feedback-related issue

· UE behaviour on discarding redundant PDCCH assignment (anything remaining?)

· Rate-matching

· DMRS sharing
· RV cyclic

· TBS

· Cross-subframe boundary 

· Other restrictions on PDSCH repetitions (nr of layers, MCS, etc) 

1 Nr of PDSCH repetitions and DCI field
1.1 Nr of repetitions

Offline consensus
For PDSCH repetitions, the number of PDSCH transmissions, k, associated with the PDCCH starting with the current TTI can take the following values and is indicated in a 2-bit DCI field as follows.
	DCI bit field
	Value of k for 

subframe, slot and subslot

	00
	1

	01
	2

	10
	3

	11
	a value configured over RRC from {4, 6}


1.2 DCI field for nr of repetitions

Offline consensus
For PDSCH repetition, a field of 2 bits is amended to the PDSCH related DCI (i.e. subframe PDSCH DCI and DCI 7-1x).
Proposed offline consensus

For PDSCH repetitions, a 1-bit field is added to adapt the TBS scaling.
Proposed offline consensus
For PDSCH repetitions, the following options are considered to reduce the overall DCI size.
· Option 1. The HARQ process ID field in the PDSCH related DCI is reduced by 2 bits.
· Note: this means that the number of HARQ processes available for PDSCH reduces to
· 4 HARQ processes for slot/subslot PDSCH if slot/subslot PDSCH repetition is configured 
· 2 HARQ processes are available for subframe PDSCH if subframe PDSCH repetition is configured 
· FFS impact on (and changes required for) MBB intended DCI in case of reinterpretation of fields
· Proposed by Mediatek
· Option 2. The MCS field in the PDSCH related DCI is reduced by 2 bits. The existing MCS table is truncated for PDSCH repetition operation.
· Note: this means that 8 MCS are available for PDSCH if PDSCH repetition is configured

· FFS which MCS entries are valid.

· FFS impact on (and changes required for) MBB intended DCI in case of reinterpretation of fields, e.g. 1 additional bit in DCI can be considered as a flag to indicate with/without PDSCH repetition
· Proposed by Samsung

2 Fixing the PDSCH repetitions for 1ms TTI (single DCI format)

Offline consensus
Change the previous agreement as follows:
	Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration. If configured, a single DCI format is used to schedule PDSCH with a given TTI length. There is a field in the DCI that indicates the number of PDSCH transmissions k associated with the DCI, where k >= 1.

· If configured for slot or subslot PDSCH, a single DCI format containing this field is used to schedule slot or subslot PDSCH

· If configured for subframe PDSCH, the UE (as in legacy) continues to monitor for DCI Format 1A and the DL TM specific DCI format. The field is included in 
· Option 1. Only in DCI format 1A on USS
· Supported by: LGE, Nokia, Intel, Qualcomm, Ericsson, Mediatek
· Option 2. Both in DCI format 1A and DL TM specific DCI format on USS
· Supported by: ZTE, Intel, Huawei


3 Rate-matching

Offline consensus
For slot/subslot PDSCH repetition, the rate-matching around SPDCCH resources for the PDSCH transmissions within a repetition window follows the rate-matching around SPDCCH resources for the first PDSCH transmission of the repetition window.

Proposed offline consensus

For PDSCH repetition, for CRS-based PDSCH and DMRS-based PDSCH without DMRS sharing, the PDSCH is rate-matched around PBCH/PSS/SSS only in the subframes/slots/subslots where the collision happens.

4 Cross-subframe boundary 

Offline consensus
· For TDD, if a UE is scheduled with K repetitions, the UE assumes the PDSCH to be present in the next available K DL or flexible subframes/slots. 
· Note: The support of eIMTA with slot operation needs to be checked further

· i.e. UL subframes/slots are not counted in the repetition count
· In case different DL transmission modes are configured for MBSFN and non-MBSFN subframes for slot or subslot PDSCH, a UE is only expecting PDSCH repetitions up to the boundary between MBSFN and non-MBSFN subframes in case of a larger indicated K (larger than the number of remaining TTIs of the same subframe type). 
· For TM10 blind/HARQ-less PDSCH repetition, the UE is to assume the same PQI to be applied to all PDSCH repetitions.
Offline consensus
· Slot & subslot PDSCH repetition across subframe boundaries is supported

· For subslot PDSCH, in case sTTI#0 cannot contain PDSCH (i.e CFI=1 or 2 / PDCCH length of 2 or 3) then sTTI#0 is not counted as valid transmission/repetition and the next repetition resumes from sTTI#1
Offline consensus
When a UE is configured with a semi-static CFI for a given TTI length, the UE is not expected to decode PCFICH for that TTI length.

5 Transmission parameters for PDSCH repetitions

Offline consensus
PDSCH repetitions assume the same RB allocation.

Proposed offline consensus (by Intel - TBS)

When repetitions are configured, TBS scaling factor is determined based on single TTI duration

Proposed offline consensus (by Qualcomm): 

Two TBS scaling factors, i.e. 1/6 and 1/12, can be considered for repetition-based slot/subslot PDSCH transmission. A TBS indication bit can be included in the DCI.   

Offline consensus

For slot/subslot PDSCH repetition and DMRS based PDSCH, the UE is to assume that the same precoder is kept between PDSCH repetitions. For TDD, the UE cannot assume coherent DMRS channel estimation across UL/DL switching point.
· Note: this allows the UE to do coherent channel estimation filtering.

6 DMRS sharing
Proposed offline consensus

For subslot PDSCH repetitions and for DMRS sharing, the following options are considered.

· Option 1. DMRS sharing is not supported for blind/HARQ-less PDSCH repetition with k > 1 considering the restriction in sTTI specification. Choose between 
· Option 1a. The value of DMRS position field is fixed by specification and the DMRS position field can be used as virtual CRC

· Option 1b. The DMRS position field is removed if subslot PDSCH repetition is configured

· Option 1c. The DMRS position field is used to indicate DMRS time bundle
· Proposed by LGE, Option 1c also by Qualcomm

· Option 2. When repetition number k>1, the DMRS position indicator indicates that whether DMRS is transmitted in all of repetition or transmitted every two sTTIs (beginning from the current sTTI).
· Proposed by Huawei, ZTE

Proposed offline consensus
For subslot PDSCH repetition and DMRS-based PDSCH with DMRS sharing, the rate-matching for PDSCH in a subslot where DMRS is not present follows the same rate-matching as the PDSCH in the preceding subslot which contains DMRS. ?? 

· Tries to cover the following proposal from Qualcomm
In case of DMRS-based TMs with DMRS sharing, the collision in TTI#n, where DMRS is present, should trigger rate-matching in other TTIs which rely on the presence of DMRS in TTI#n for channel estimation.
7 RV cyclic sequence

Proposed offline consensus

For PDSCH repetitions, different RV can be used in different PDSCH transmissions within the repetition window. (i,.e. RV cycling is supported).
Proposed offline consensus

For PDSCH repetitions and RV cycling, the following options are considered.

· Option 1. The RV cycling sequence {0,2,3,1} is applied for PDSCH repetition when PDSCH repetition is configured 
· Proposed by Intel

· Option 2. The RV cycling sequence applied for PDSCH repetition when PDSCH repetition is configured is configured by higher layer signalling and selected between {0, 0, 0, 0}, {0, 3, 0, 3} or {0, 2, 3, 1}.
· Proposed by Huawei, ZTE

Proposed offline consensus

For PDSCH repetitions and RV cycling, the RV field in the DCI scheduling a repetition sequence of k PDSCH transmissions identifies the starting RV in the cycling sequence that is used for the first transmission of PDSCH within the repetition window.
8 FS2 related aspects for PDSCH repetitions

Placeholder.

Question: Is there aspects specific to FS2?

What happens if a repeated PDSCH overlaps with an UL slot/subframe?
9 HARQ feedback-related issue for PDSCH repetitions
Proposed offline consensus

On HARQ feedback for subslot PDSCH repetition, two options can be considered.

· Option 1: Confirm the working assumption: For HARQ for repeated PDSCH transmissions, the UE shall report HARQ feedback with the timing given by the last PDSCH repetition.
· Option 2: UE can be configured to not feedback HARQ-ACK for PDSCH when repetition number is larger than 1.
Proposed offline consensus

On HARQ feedback for subslot PDSCH repetition, the PDSCH transmission to which the HARQ feedback refers to can be configured over RRC to be the last PDSCH transmission of the repetition window or the second last PDSCH transmission of the repetition window

10 Misc. on PDSCH repetitions 

10.1 Reserved bits

Proposal 8(ZTE): DAI is reserved when Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration.
Proposal 7(QC): Some DCI fields can be reserved as a function of the repetition factor. 
Proposal 7 (HW): To decrease the false alarm probability, TPC, ARI and RV can be used as virtual CRC when repetition number k>1.
10.2 DCI discard rule

LGE
Proposal 2:

· UE shall discard PDSCH assignment(s) until retransmission for the blind/HARQ-less PDSCH repetition can be transmitted considering processing timing
· if the PDSCH assignment(s) is(are) received after the blind/HARQ-less PDSCH repetition is successfully received, and include(s) the same HARQ process ID and NDI value as that in the PDSCH assignment for the corresponding blind/HARQ-less PDSCH repetition.
Samsung:

Proposal #5: Between the last PDSCH repetition and the corresponding HARQ feedback, the same HARQ process shouldn’t be scheduled regardless of retransmission or new transmission. 
10.3 Restriction  (TM10)
Proposal 5 (LGE):

· UE is not expected that blind/HARQ-less PDSCH repetition is conducted by different TPs.
11 Annex

11.1 Contributions submitted to others
Others

R1-1806386
On remaining details of CFI configuration operation
Nokia, Nokia Shanghai Bell

R1-1806451
UE capability on PDSCH/PUSCH repetition
Huawei, HiSilicon

R1-1806452
CFI configuration for LTE URLLC
Huawei, HiSilicon

R1-1806556
Summary of the email discussion [92b-LTE-13] on UE capability for LTE_HRLLC
Ericsson

R1-1807300
RLM for URLLC
Ericsson

11.2 Agreements related to PDSCH repetitions up to RAN1#92bis
	Agreement

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

	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

	Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration. If configured, a single DCI format is used to schedule PDSCH with a given TTI length. There is a field in the DCI that indicates the number of PDSCH transmissions k associated with the DCI, where k >= 1. 

· FFS on DCI content


	PDCCH indicates number of PDSCH transmissions associated with the PDCCH. PDCCH may or may not be transmitted with a PDSCH repetition. PDSCH transmissions can be soft combined after a PDCCH is successfully received

· The number of transmissions, k, is the number of PDSCH transmissions associated with the PDCCH starting with the current TTI

· FFS: Values for k

· FFS: What the UE does with PDCCHs received for the TB after a successfully received PDCCH within the repetition window



	The UE shall discard any PDSCH assignment for a (s)TTI in a serving cell with CRC scrambled with C-RNTI, if PDSCH by means of blind repetition is being received in that (s)TTI in the same serving cell.



	Working assumption:

For HARQ for repeated PDSCH transmissions, the UE shall report HARQ feedback with the timing given by the last PDSCH repetition.


