[bookmark: OLE_LINK296][bookmark: OLE_LINK297]3GPP TSG RAN WG1 #97	R1-1906434
Reno, USA, May 13th – 17th, 2019

[bookmark: Source]Agenda Item:	7.2.2.2.3
Source: 	Fujitsu
Title:	Scheduling/HARQ enhancements for NR-U
Document for:	Discussion/Decision
Introduction
In RAN1#96b, the below agreements related to scheduling/HARQ enhancements for NR-U have been made [1]. We discuss further details in this contribution.
Agreement:
A non-numerical value is added to the possible range of PDSCH-to-HARQ-timing-indicator values defined in Rel-15, and is used to indicate to the UE that the HARQ-ACK feedback for the corresponding PDSCH is postponed until the timing and resource for the HARQ-ACK feedback is provided by the gNB.

Agreement:
Restrict further discussion on HARQ codebook to the following:
· For dynamic HARQ codebook:
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group
· Option 1: 
· One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups
· DCI can request HARQ-ACK feedback for one or more PDSCH groups 
· FFS one of the two options below
· C-DAI/T-DAI can be accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH
· C-DAI/T-DAI is accumulated only within one PDSCH group
· FFS: New ACK-Feedback Group Indicator for each PDSCH Group
· The number of HARQ-ACK bits for one PDSCH group is constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission, i.e. the PDSCH group cannot be enlarged after the first feedback transmission
· Option 2: 
· One PUCCH can carry HARQ-ACK feedback for a single PDSCH group
· FFS: Feedback for more than one PDSCH group
· DCI can request HARQ-ACK feedback for a single PDSCH group
· FFS: Requests for more than one PDSCH group
· C-DAI/T-DAI is accumulated within one PDSCH group
· A reset indicator signals new HARQ-ACK feedback for a PDSCH group
· The number of HARQ-ACK bits for one PDSCH group may not be constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission
· Semi-static codebook. Options FFS.
· If request/trigger for one-shot group HARQ ACK feedback for all configured HARQ processes is introduced (at least for non-CBG HARQ), select one or more of the following candidate schemes:
· The request is carried in a UE-specific DCI carrying a PUSCH grant
· The request is carried in a UE-specific DCI carrying a PDSCH assignment
· The request is carried in a UE-specific DCI not scheduling PDSCH nor PUSCH
· The request is carried in a UE-common DCI
· The request can be used for UE configured with dynamic or semi-static HARQ codebook
· Note: The discussion on preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands is a separate discussion

[bookmark: _Ref228947482]Discussion
HARQ A/N feedback for PDSCH
It has been agreed to support a mechanism to group PDSCHs for dynamic HARQ codebook by explicitly signaling a group index in the DCI. As for the detailed grouping mechanism, two options are on the table for further discussion. In option 1, the number of HARQ-ACK bits for one PDSCH group is constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission. In option 2, the number of HARQ-ACK bits for one PDSCH group increases until a reset indication is received by the UE. 
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Fig.1 HARQ Feedback for PDSCH from earlier COT(s)

Compared to option 1, option 2 puts severe restriction on scheduling flexibility. Take Fig. 1 as an example, we further discuss the comparison between option 1 and option 2. The HARQ feedback for PDSCHs in Window #0 can be scheduled right after Window #1, while the HARQ feedback for PDSCHs in Window #1 need to be scheduled later because of processing time. As for option 1, Window #0 can be scheduled as a first group, Window #1 can be scheduled either as an independent group or in the same group with Window #2. In case the HARQ codebook for Window #0 cannot be transmitted in the first opportunity, the gNB can simply indicate the UE to transmit the HARQ A/N for Window #0 together with the HARQ A/N for Window #1 and Window #2. As for option 2, similarly if the HARQ codebook for Window #0 cannot be transmitted in the first opportunity, it is to be merged with the HARQ codebook for Window #2. The problem is how to deal with Window #1 because the PDSCHs in Window #1 are transmitted right before the first opportunity for HARQ codebook for Window#0. One possible compromise solution is to always schedule a same timing to all of the HARQ A/N for the PDSCHs in a same DL burst. This feature may largely restrict the flexibility of the scheduler. For example, the HARQ A/N feedback timing for the PDSCHs in the Window#0 and Window#1 cannot be right after Window#1. Otherwise, the UE cannot transmit meaningful HARQ A/N for Window#1.

Observation 1: In option 2, all of the PDSCHs for a UE in a DL burst have to be scheduled with a same HARQ A/N feedback timing. This feature puts a non-trivial constraint on the scheduling flexibility on PDSCHs and/or their HARQ A/N feedback timing.

Proposal 1: Support option 1 for dynamic HARQ codebook, i.e. the number of HARQ-ACK bits for one PDSCH group does not change between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission.

In option 1, it is FFS whether C-DAI/T-DAI can be accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH. For example in Fig.1, the PDSCHs in Window #1 can be scheduled either as an independent group or in the same group with the PDSCHs in Window #2. If the PDSCHs in Window#1 and in Window #2 were scheduled as two different groups but always fed back in a same codebook, then accumulated C-DAI/T-DAI could be beneficial to reduce the misunderstanding between the gNB and the UE. However, if the gNB intends to always request the HARQ A/N feedback for all of the PDSCHs in the Window#1 and Window#2 to be transmitted in a same timing, then it should be straightforward to just schedule them in one group.

[bookmark: OLE_LINK294][bookmark: OLE_LINK295]Observation 2: As for option 1, there is no clear benefit to further support accumulated C-DAI/T-DAI across multiple PDSCH groups compared to conventional C-DAI/T-DAI in a larger PDSCH group which integrates those multiple PDSCH groups. 
Proposal 2: No need to support accumulated C-DAI/T-DAI across multiple PDSCH groups.


To enhance the scheduling flexibility of HARQ feedback, it is desirable to define a UE-specific DCI not scheduling PDSCH nor PUSCH for requesting HARQ feedback from earlier COT. By reusing the PUCCH resources for requested HARQ feedback by this DCI can be indicated by simply reusing PUCCH resource indicator and PDSCH-to-HARQ_feedback timing indicator in the DCI scheduling PDSCH.

Proposal 3: In addition to the DCI scheduling a PDSCH, a new UE-specific DCI not scheduling PDSCH nor PUSCH is defined for requesting HARQ feedback. The new DCI contains group ID, PUCCH resource indicator and PDSCH-to-HARQ feedback timing indicator.


According to ETSI EN 301 893, a DL burst may last up to 6ms. In case of SCS of 30kHz or 60kHz, more than 10 full/partial slots can be included in the DL burst. To maintain the scheduling flexibility of the gNB, it is desirable to allow dynamic indication of a K1 value from more than 10 candidates. Therefore, the PDSCH-to-HARQ-timing-indicator field should be allowed to be extended from 3 bits as defined in Rel-15.

Proposal 4: The number of bits for PDSCH-to-HARQ-timing-indicator field can be configured as 4 for NR-U.

[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Two-stage grant
[bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK38]For the case of COT self-contain uplink scheduling in the unlicensed band, the PUSCH preparation time limits the flexibility of COT sharing. A UL transmission cannot be scheduled to share an eNB/gNB initiated COT if the PUSCH preparation time is not satisfied. In LTE eLAA, two-stage grant was introduced as an enhancement to grant-based PUSCH. The first-stage grant provides the scheduling information for PUSCH preparation in an earlier COT. The second-stage grant triggers the prepared PUSCH transmitted in the current COT. This mechanism enables PUSCH to be transmitted in an earlier time in a shared COT after a short DL burst.
[bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42]The same issue also exists in NR, the minimum PDSCH duration could be 3 symbols, but PUSCH preparation time N2 for capability 1 UE is 10 symbols for 15kHz, 12 symbols for 30kHz, 23 symbols for 60kHz, this also limit a DL burst shorter than N2 cannot sharing the MCOT with PUSCH, even though a short DL burst will remain a lot of resources in a MCOT since a CAT4 LBT operation could at least acquire a 2ms duration MCOT, an example is shown in Fig.2. Therefore, two-stage grant mechanism also need to be supported in NR-U to mitigate this limitation, as Fig.3. Furthermore, two-stage grant is not precluded to applied in one COT. A gNB can either trigger the PUSCH transmission when there are remaining resources in the first-stage grant transmitted COT, or trigger it in another COT when there is no enough resource in current COT based on the dynamic scheduling decision.


[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Fig.2 An example that a short DL burst fails to share COT with PUSCH due to N2 time limitation


Fig.3 Two-stage grant enables a short DL burst share COT with PUSCH

[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18]During the SI, with intent to provide enough processing time for the HARQ feedback which is transmitted in a shared COT with the corresponding PDSCH, it was identified as beneficial to support UL/DL transmissions occupying the time after the PDSCH. This transmission could be a two-stage grant PUSCH, when a PUSCH has been already prepared by UE after received the first-stage grant, gNB can trigger it to be transmitted whenever needed regardless of the N2 time limitation. As shown in Fig. 4, PUSCH transmission is triggered after a PDSCH to occupy the channel so that HARQ feedback of the PDSCH is able to be transmitted in the shared COT. 


 
Fig. 4 Triggered PUSCH between PDSCH and corresponding HARQ feedback in a shared COT

[bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK118]Proposal 5: NR-U supports two-stage grant mechanism.


Conclusions
In this contribution, we discussed scheduling/HARQ enhancements for NR-U. The proposals and observations are summarized as follows,

Observation 1: In option 2, all of the PDSCHs for a UE in a DL burst have to be scheduled with a same HARQ A/N feedback timing. This feature puts a non-trivial constraint on the scheduling flexibility on PDSCHs and/or their HARQ A/N feedback timing.
Proposal 1: Support option 1 for dynamic HARQ codebook, i.e. the number of HARQ-ACK bits for one PDSCH group does not change between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission.

Observation 2: As for option 1, there is no clear benefit to further support accumulated C-DAI/T-DAI across multiple PDSCH groups compared to conventional C-DAI/T-DAI in a larger PDSCH group which integrates those multiple PDSCH groups. 
Proposal 2: No need to support accumulated C-DAI/T-DAI across multiple PDSCH groups.

Proposal 3: In addition to the DCI scheduling a PDSCH, a new UE-specific DCI not scheduling PDSCH nor PUSCH is defined for requesting HARQ feedback. The new DCI contains group ID, PUCCH resource indicator and PDSCH-to-HARQ feedback timing indicator.

Proposal 4: The number of bits for PDSCH-to-HARQ-timing-indicator field can be configured as 4 for NR-U.

[bookmark: _GoBack]Proposal 5: NR-U supports two-stage grant mechanism.

1. References
[1] Chairman’s Notes RAN1#96bis, 3GPP TSG RAN1#96bis, Xi’an, China, April, 2019

6

image3.emf
5 symbols

PDSCH

PUSCH

Idle

First-stage grant

PUSCH scheduled info.

Second-stage grant

Trasmission triggering

Idle Busy

Share the COT 


oleObject2.bin
�

5 symbols
PDSCH


PUSCH


First-stage grant


Idle


PUSCH scheduled info.


Second-stage grant


Trasmission triggering


Idle


Busy


Share the COT 



image4.emf
Indicate HARQ 

feedback timing K1 

PDSCH PUSCH

Second-stage grant

First-stage grant

Schedule

A/N

PUSCH scheduled info.

Trasmission triggering

Idle Idle Busy


oleObject3.bin
Indicate HARQ feedback timing K1 


PDSCH


Schedule


PUSCH


A/N


Second-stage grant


First-stage grant


PUSCH scheduled info.


Trasmission triggering


Idle


Idle


Busy



image1.png
Window #0 Window #1 Window #2

L A L
( \f | \HARQANfor [ ) HARQ AN for
Ia
Idle Busy Idle

DL burst #m UL DL burst #(m+1) UL




image2.emf
UL grant

5 symbols

PDSCH

PUSCH

At least N2 (e.g. 10symbols for 15kHz)

Idle

Minimum 2ms MCOT

Lose the channel


oleObject1.bin
�

UL grant


At least N2 (e.g. 10symbols for 15kHz)


PUSCH


5 symbols
PDSCH


Idle


Minimum 2ms MCOT


Lose the channel



