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Introduction
In this contribution, we provide our view on possible HARQ related and UL scheduling issues that should be addressed when designing HARQ enhancements and multi-slot scheduling that can be beneficial for NR Rel-16 and in particular for operation in unlicensed bands. 
HARQ enhancements
[bookmark: _Toc4628276][bookmark: _Toc4629822][bookmark: _Toc4628277][bookmark: _Toc4629823][bookmark: _Toc4628278][bookmark: _Toc4629824]Dynamic HARQ codebook
DAI value extension
The UE refers to the DAI value to calculate the dynamic codebook size. For every PDSCH transmission, the DAI value in the DCI is incremented. The DAI in the DL scheduling DCI should be stepped by one compared to the immediately preceding DL scheduling DCI, if difference between the two received DAI values at the UE in current and earlier DCI is higher than 1, it is an indication that PDCCH transmission(s) has been missed. The DAI value in NR rel-15 is only 2-bits, after reaching the highest DAI value (i.e. 4), the value is reset again to the smallest value. This means that if the UE missed 4 or more PDSCH transmission, the UE will not be able to correctly calculate the codebook size, and therefore there will be misalignment between the gNB’s expected codebook size and the reported one by the UE. While missing 4 or more consecutive PDSCH on licensed carrier is unlikely, it is highly likely to happen on an unlicensed band due to collisions and especially for larger SCS where the slot duration is smaller. The problem becomes more severe when operating on a wideband.  For the subbands of a wideband carrier, the error events are likely to be much more correlated because of the presence of wideband interferers.  Thereby, the 2-bit DAI will cause an issue. 
The presence of wideband interferers can cause misdetection of multiple time-overlapping PDCCH/PDSCH in case of wideband operation. 
To eliminate the issues caused by the limited DAI combinations, the DAI field in the DCI should be extended to accommodate for possibly missing more than 4 PDCCH transmissions.
[bookmark: _Toc7701969][bookmark: _Toc16916378][bookmark: _Toc16918856][bookmark: _Toc19191355][bookmark: _Toc20304112][bookmark: _Toc20304172][bookmark: _Toc20304439][bookmark: _Toc20735249][bookmark: _Toc21089953][bookmark: _Toc21363888][bookmark: _Toc24038252][bookmark: _Toc24123730][bookmark: _Toc24123821]DCIs for scheduling PDSCH should support larger DAI field as compared to Rel-15 NR DCI.



[bookmark: _Toc4629828][bookmark: _Toc4786224]  	
Non-Numerical K1 value 

During last meeting [1] the following agreement was made: 
Agreement:
For enhanced dynamic codebook operation, HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 is derived by the next DL DCI scheduling PDSCH with a numerical value for K1 triggering feedback for PDSCH group(s) including the PDSCH group of this PDSCH.
· FFS: additional methods including 
· based on an earlier DCI
· one-shot HARQ-ACK feedback
· FFS: dependency on NFI

The agreement only covers the case of non-numerical K1 value used in combination with enhanced dynamic codebook with grouping enabled. The case in which PDSCH grouping is not configured should also be covered. 
[bookmark: _Toc20304113][bookmark: _Toc20304173][bookmark: _Toc20304440][bookmark: _Toc20735250][bookmark: _Toc21089954][bookmark: _Toc21363889][bookmark: _Toc24038253][bookmark: _Toc24123731][bookmark: _Toc24123822]For dynamic codebook, HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 is derived by the next DL DCI scheduling PDSCH with a numerical value for K1.
[bookmark: _Toc20304114][bookmark: _Toc20304174][bookmark: _Toc20304441][bookmark: _Toc20735251][bookmark: _Toc21089955][bookmark: _Toc21363890][bookmark: _Toc24038254][bookmark: _Toc24123732][bookmark: _Toc24123823]The C/T-DAI value for the first PDSCH with a valid PDSCH-to-HARQ-timing-indicator counts also the previous PDSCH(s) with non-numerical PDSCH-to-HARQ-timing-indicator since the last PDSCH with valid PDSCH-to-HARQ-timing-indicator. 
Enhanced Dynamic code book 
Remaining aspects for Non fall back DCI 

When more than one PDSCH group exists in a HARQ-ACK reporting feedback, the placement of HARQ-ACK feedback for the two groups is ordered based on increasing group index.

[bookmark: _Toc24038255][bookmark: _Toc24123733][bookmark: _Toc24123824]For enhanced dynamic HARQ-ACK codebook, when more than one PDSCH group exists in a HARQ-ACK feedback report, the placement of HARQ-ACK feedback for the two groups is ordered based on increasing group index.
[bookmark: _Toc19191357][bookmark: _Toc20304116][bookmark: _Toc20304176][bookmark: _Toc20304443][bookmark: _Toc20735253][bookmark: _Toc19191358][bookmark: _Toc20304117][bookmark: _Toc20304177][bookmark: _Toc20304444][bookmark: _Toc20735254][bookmark: _Toc19191359][bookmark: _Toc20304118][bookmark: _Toc20304178][bookmark: _Toc20304445][bookmark: _Toc20735255][bookmark: _Toc20304125][bookmark: _Toc20304185][bookmark: _Toc20304452][bookmark: _Toc20735262][bookmark: _Toc19191365]Fall back DCI 

Agreement:
If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0:
· UE reports HARQ-ACK feedback for the corresponding PDSCH as part of the PDSCH group #0
· FFS: whether/how to define a rule for UE to determine NFI if NFI is not explicitly signalled
· The fallback DCI does not support signalling a non-numerical value of K1
· FFS: Whether NFI is introduced in DCI 1_0 for the purpose of enhanced dynamic HARQ codebook operation
The fallback format 1_0 is smaller in size, supports a limited set of NR functionality, and the set of information fields is in general not configurable, resulting in a (more or less) fixed DCI size. Following the same reasoning, indicating the new fields related to dynamic codebook enhancement in the DL fall back DCI is not motivated.
[bookmark: _Toc24038256][bookmark: _Toc24123734][bookmark: _Toc24123825]NFI is not introduced in DCI 1_0. 
For the rule for UE to determine NFI, we propose the following:
[bookmark: _Toc24038257][bookmark: _Toc24123735][bookmark: _Toc24123826]The gNB can not indicate retransmission of feedback using DCI 1_0. 
a. [bookmark: _Toc24038258][bookmark: _Toc24123736][bookmark: _Toc24123827]If the UE detects a DCI that indicates an NFI corresponding to group 0 since the last scheduled PUCCH that includes feedback for group 0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the fallback DCI, the UE follows the indicated NFI to determine the codebook.
b. [bookmark: _Toc24038259][bookmark: _Toc24123737][bookmark: _Toc24123828]If the UE does not detect a DCI that indicates an NFI corresponding to group 0 since the last scheduled PUCCH that includes feedback for group 0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the fallback DCI, the UE assumes that the NFI is toggled. 
UL DCI 
[bookmark: _Hlk23770148]
Agreement:
If enhanced dynamic codebook is configured, the presence of UL DAI for an additional PDSCH group in the non-fallback DCI can be configured by RRC signalling. 
· FFS: If there is UL DAI configured to be present in the non-fallback DCI for only one group, to which group this UL DAI applies

[bookmark: _Toc20735266]In Rel-15, UL grant (DCI 0-1) contains two UL DAI, reflecting status of each latest DL total DAI. This was included to improve dynamic codebook robustness against missed PDCCH, especially if the UE misses the last PDCCH before the requested feedback. In that case the UE will have wrong understanding of the C/T-DAI value. If enhanced dynamic codebook is configured and the presence of UL DAI for an additional PDSCH group is not configured, the existing DAI, should reflect status of each latest DL total DAI of the latest transmitted group that is included in the HARQ-ACK report. 
[bookmark: _Toc24038260][bookmark: _Toc24123738][bookmark: _Toc24123829][bookmark: _Toc20304127][bookmark: _Toc20304187][bookmark: _Toc20304454][bookmark: _Toc20735267][bookmark: _Toc21089966][bookmark: _Toc21363901][bookmark: _Toc20304128][bookmark: _Toc20304188][bookmark: _Toc20304455][bookmark: _Toc20735268][bookmark: _Toc20304129][bookmark: _Toc20304189][bookmark: _Toc20304456][bookmark: _Toc20735269][bookmark: _Toc20304130][bookmark: _Toc20304190][bookmark: _Toc20304457][bookmark: _Toc20735270][bookmark: _Toc20304131][bookmark: _Toc20304191][bookmark: _Toc20304458][bookmark: _Toc20735271][bookmark: _Toc20304132][bookmark: _Toc20304192][bookmark: _Toc20304459][bookmark: _Toc20735272][bookmark: _Toc20304133][bookmark: _Toc20304193][bookmark: _Toc20304460][bookmark: _Toc20735273][bookmark: _Toc20304134][bookmark: _Toc20304194][bookmark: _Toc20304461][bookmark: _Toc20735274][bookmark: _Toc20304135][bookmark: _Toc20304195][bookmark: _Toc20304462][bookmark: _Toc20735275][bookmark: _Toc20304136][bookmark: _Toc20304196][bookmark: _Toc20304463][bookmark: _Toc20735276][bookmark: _Toc20304137][bookmark: _Toc20304197][bookmark: _Toc20304464][bookmark: _Toc20735277]If enhanced dynamic codebook is configured and the presence of UL DAI for an additional PDSCH group is not configured, the existing DAI, should reflect status of each latest DL total DAI of the latest transmitted group that is included in the HARQ-ACK report. 
Semi-Static HARQ codebook 
The main motivation for semi-static codebook in rel-15 NR was robustness. Semi-static codebook is considered more robust against missed downlink assignments as compared to dynamic codebook. This comes at the cost of larger overhead. 
The robustness is insured by semi-statically configuring a fixed codebook size. Few companies are proposing to dynamically change the size of the semi-static codebook, which contradicts to its original purpose of this proposal, again introduces ambiguity in the codebook size due to possible missed downlink assignment. We believe that the main purpose and definition of semi-static codebook should be retained as in rel-15 NR. 
The benefits of enhancing semi-static codebook are not clear since the proposed enhancements for dynamic codebook provides the robustness against missed downlink assignments that does not exist in Rel-15 NR. Alternatively, to recover from an error case (e.g. missed PUCCH), single shot trigger should be used without the need to fundamentally change the semi-static codebook design. Given that this will only happen when an error occurs, the overhead is not an issue since with the interlace design, the PUCCH capacity is considerably high to transmit a full status report for all configured HARQ processes or a subset of them even if only a single interlace is assigned. Even if this is not the case, dynamic codebook can be used for the purpose of overhead reduction.  
[bookmark: _Toc7701973][bookmark: _Toc16916388][bookmark: _Toc16918866][bookmark: _Toc19191368][bookmark: _Toc20304138][bookmark: _Toc20304198][bookmark: _Toc20304465][bookmark: _Toc20735278][bookmark: _Toc21089967][bookmark: _Toc21363902][bookmark: _Toc24038261][bookmark: _Toc24123739][bookmark: _Toc24123830][bookmark: _Toc20735279]No semi-static codebook specific enhancements are considered for NR-U 
We do not see great value for the non-numerical value for semi-static codebook. We believe it should be limited to dynamic codebook only. If considered for semi-static codebook, it should not impact the semi-static codebook size determination. The configured code book size should not be changed dynamically depending on the number of PDSCH with non-numerical K1. Instead, the only way to fetch the feedback for PDSCH with non-numerical K1 the feedback for those processes is by sending a one-shot feedback trigger. 
[bookmark: _Toc19191369][bookmark: _Toc20304139][bookmark: _Toc20304199][bookmark: _Toc20304466][bookmark: _Toc20735280][bookmark: _Toc21089968][bookmark: _Toc21363903][bookmark: _Toc24038262][bookmark: _Toc24123740][bookmark: _Toc24123831][bookmark: _Toc19191370]non-numerical K1 is not beneficial for the semi-static codebook. 
Single shot trigger 

During RAN1#98bis [2], the following agreement was made: 
Agreement:
Support requesting feedback of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) for all CCs configured for a UE in the PUCCH group.
· One-shot feedback should be configurable separately from the configuration of semi-static(including any potential enhancements)/non-enhanced dynamic HARQ codebook
· FFS: Simultaneous configuration of enhanced dynamic codebook and one-shot feedback

Agreement:
· The last PDSCH for which A/N decoding result is reported in the HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) is determined as the last PDSCH within the UE N1 processing time capability
· UE also reports HARQ-ACK feedback for earlier PDSCHs scheduled with non-numerical K1
· For NDI, choose one of the following alternatives:
· Alt. A: NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· Alt. B: Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· Alt. C: UE reports XOR of latest NDI value and HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, choose one of the following alternatives (applicability dependent on decision on alternatives for the latest NDI value):
· Alt1: the HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported
· Alt2: The HARQ A/N value is set to the default value of NACK
· FFS: applicability with CBG-based HARQ

One-shot trigger can be included in the DL grant. The slot for transmission of the PUCCH carrying the report, is determined by the PDSCH-to-HARQ-timing-indicator field in the DCI similarly to Rel-15. The size of the report determines the PUCCH resource set and the PUCCH resource indicator field in the DCI determines the PUCCH resource to be used for transmission in that set similar to Rel-15. 
The one-shot trigger can also be included in a UL grant. For PUSCH with UL-SCH, the multiplexing procedures for HARQ-ACK on PUSCH similar to those in Rel-15 are used to multiplex the report with UL-SCH on PUSCH. 
The UL grant can be used also to trigger feedback report without scheduling UL-SCH. In case of PUSCH without UL-SCH, the report is considered as HARQ-ACK UCI and multiplexed on PUSCH following the mapping rules for HARQ-ACK transmission on PUSCH.  
[bookmark: _Toc7701974][bookmark: _Toc16916389][bookmark: _Toc16918867][bookmark: _Toc19191371][bookmark: _Toc20304140][bookmark: _Toc20304200][bookmark: _Toc20304467][bookmark: _Toc20735281][bookmark: _Toc21089969][bookmark: _Toc21363904][bookmark: _Toc24038263][bookmark: _Toc24123741][bookmark: _Toc24123832]One-shot group HARQ ACK feedback request can be carried in: 
c. [bookmark: _Toc7701975][bookmark: _Toc16916390][bookmark: _Toc16918868][bookmark: _Toc19191372][bookmark: _Toc20304141][bookmark: _Toc20304201][bookmark: _Toc20304468][bookmark: _Toc20735282][bookmark: _Toc21089970][bookmark: _Toc21363905][bookmark: _Toc24038264][bookmark: _Toc24123742][bookmark: _Toc24123833]UE-specific DCI carrying a grant for PUSCH with/without UL-SCH
d. [bookmark: _Toc7701976][bookmark: _Toc16916391][bookmark: _Toc16918869][bookmark: _Toc19191373][bookmark: _Toc20304142][bookmark: _Toc20304202][bookmark: _Toc20304469][bookmark: _Toc20735283][bookmark: _Toc21089971][bookmark: _Toc21363906][bookmark: _Toc24038265][bookmark: _Toc24123743][bookmark: _Toc24123834]UE-specific DCI carrying a PDSCH assignment 

For every HARQ process to be reported, the UE reports the corresponding latest NDI value for a latest received PDSCH for that HARQ process along with the corresponding HARQ-ACK for the received PDSCH (i.e. Alternative B). The NDI is needed to resolve any ambiguity caused by mis-detected PDCCH. If the NDI value matches the last transmitted value, the gNB assumes that the reported HARQ-ACK feedback correctly corresponds to the HARQ process with pending feedback. Otherwise, the mismatch indicates that the UE is reporting an outdated feedback. In such a case, the gNB discards the reported HARQ-ACK feedback and assume NACK for the corresponding HARQ process. 
[bookmark: _Toc7701977][bookmark: _Toc16916392][bookmark: _Toc16918870][bookmark: _Toc19191374][bookmark: _Toc20304143][bookmark: _Toc20304203][bookmark: _Toc20304470][bookmark: _Toc20735284][bookmark: _Toc21089972][bookmark: _Toc21363907][bookmark: _Toc24038266][bookmark: _Toc24123744][bookmark: _Toc24123835]In response to the trigger reception, for every HARQ process to be reported, the UE reports the corresponding latest NDI value for a latest received PDSCH for that HARQ process along with the corresponding HARQ-ACK for the received PDSCH.

We think supporting one-shot feedback in combination with enhanced dynamic codebook does not necessarily add a lot of complexity. After correctly receiving the feedback in response of one-shot trigger, the gNB toggles the NFI for all groups. The DAI value for PDSCH groups with a received report for their corresponding HARQ process IDs, are reset to the corresponding initial value in addition to counting the PDSCH of that group that were not reported due to feedback timing that does not meet the required processing time. 
[bookmark: _Toc16916394][bookmark: _Toc16918872][bookmark: _Toc19191376][bookmark: _Toc20304145][bookmark: _Toc20304205][bookmark: _Toc20304472][bookmark: _Toc20735286][bookmark: _Toc21089974][bookmark: _Toc21363909][bookmark: _Toc24038267][bookmark: _Toc24123745][bookmark: _Toc24123836]After correctly receiving the feedback in response of one-shot trigger, 
e. [bookmark: _Toc16916395][bookmark: _Toc16918873][bookmark: _Toc19191377][bookmark: _Toc20304146][bookmark: _Toc20304206][bookmark: _Toc20304473][bookmark: _Toc20735287][bookmark: _Toc21089975][bookmark: _Toc21363910][bookmark: _Toc24038268][bookmark: _Toc24123746][bookmark: _Toc24123837]gNB toggles the NFI for all groups
f. [bookmark: _Toc16916396][bookmark: _Toc16918874][bookmark: _Toc19191378][bookmark: _Toc20304147][bookmark: _Toc20304207][bookmark: _Toc20304474][bookmark: _Toc20735288][bookmark: _Toc21089976][bookmark: _Toc21363911][bookmark: _Toc24038269][bookmark: _Toc24123747][bookmark: _Toc24123838]The DAI value for PDSCH groups with a received report for their corresponding HARQ process IDs, are reset to the corresponding initial value in addition to counting the PDSCH of that group that were not reported due to feedback timing that does not meet the required processing time.
HARQ A/N transmission in case of Carrier Aggregation and Wideband Operation
In Rel-15 NR, feedback information from multiple DL carriers can be grouped and transmitted on PCell, or PSCell of PUCCH-SCell. For NR-U, these cells are not always available for transmissions due to LBT. A clear enhancement is to enable transmission of HARQ-ACK feedback on any carrier that a gNB acquires a COT by benefiting the shared COT principles. 
NR already supports multiplexing of UCI on PUSCH without UL-SCH. 38.213 states:
If a UE would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission, and the PUSCH and PUCCH transmissions fulfill the conditions in Subclause 9.2.5 in 38.213 for UCI multiplexing, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH. 
If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Subclause 9.2.5 in 38.213 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in Subclause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits in the slot.
If the gNB fail to access channel on the carrier configured as PUCCH-cell, the feedback can still be multiplexed in PUSCH of the serving cell with the smallest ServCellIndex among the cells with PUSCH resources. However, NR rel-15 does not provide the flexibility to send PUSCH without UL-SCH multiplexed with UCI unless aperiodic CSI is requested for this PUSCH transmission. It would be beneficial for NR-U to relax this requirement so that PUSCH without UL-SCH can carry HARQ Ack feedback even if aperiodic CSI is not requested for this PUSCH transmission.  This would require very simple changes to 38.213 and 38.212. Below we list the anticipated changes to the MAC specification. 

The MAC entity shall not generate a MAC PDU for the HARQ entity if the following conditions are satisfied:
-     the MAC entity is configured with skipUplinkTxDynamic with value true and the grant indicated to the HARQ entity was addressed to a C-RNTI, or the grant indicated to the HARQ entity is a configured uplink grant; and
-     there is no aperiodic CSI and/or HARQ feedback requested for this PUSCH transmission as specified in TS 38.212 [9]; and
-     the MAC PDU includes zero MAC SDUs; and
-     the MAC PDU includes only the periodic BSR and there is no data available for any LCG, or the MAC PDU includes only the padding BSR. 
With this relaxation, the gNB can trigger feedback transmission in PUSCH without UL-SCH and without unnecessarily triggering aperiodic CSI report using DCI 0_1 via signalling: 
· UL-SCH indicator of "0" 
· CSI request of all zero(s) or non-zero CSI request field, but the triggered CSI report configuration indicates that no report is required. Both options can be considered
· DAI value that indicates the presence of UCI.  
[bookmark: _Toc16916399][bookmark: _Toc16918877][bookmark: _Toc19191379][bookmark: _Toc20304148][bookmark: _Toc20304208][bookmark: _Toc20304475][bookmark: _Toc20735289][bookmark: _Toc21089977][bookmark: _Toc21363912][bookmark: _Toc24038270][bookmark: _Toc24123748][bookmark: _Toc24123839]Support transmission of HARQ feedback in PUSCH without UL-SCH even if aperiodic CSI is not requested for this PUSCH transmission
HARQ A/N transmission in case of semi-static codebook operation on wideband carrier 
Rel-15 NR does not support time overlapping PDSCHs in a slot on the same carrier using different frequency resources.  Rel-15 semi-static codebook design works on under this assumption. Rel-16 NR support up to maximum two time overlapping PDSCHs which will also be supported for NR-U. The rel-15 semi-static codebook design should be extended to support generation of feedback for this new case. 

Agreement:
For CORESET configuration in a serving cell with carrier bandwidth greater than LBT bandwidth, 
· For the case where a CORESET is confined within a LBT bandwidth, the search space set configuration associated with the CORESET can have multiple monitoring locations in the frequency domain (per LBT bandwidth)
According to this agreement, each LBT bandwidth contains a PDCCH search space monitoring location. A new dimension reflecting LBT bandwidth can be added to the semi-static codebook. The semi-static codebook can be viewed as a matrix consisting of a time domain dimension and a component-carrier, CBG, MIMO layer, LBT bandwidth, all of which are semi-statically configured.

[bookmark: _Toc20735290][bookmark: _Toc21089978][bookmark: _Toc21363913][bookmark: _Toc24038271][bookmark: _Toc24123749][bookmark: _Toc24123840][bookmark: _Toc20735291]A new dimension reflecting LBT bandwidth is added to the semi-static codebook
An example is provided in the figure below, where the acknowledgment timings are one, two, three, and four and five, respectively, and three carriers, one with two CBGs, one with one transport block, and one 2 LBT bandwidths each with 2 CBGs, are configured. Since the codebook size is fixed, the number of bits to transmit in a hybrid-ARQ report is known. 

[image: ]
Figure 2: semi-static codebook design for wideband operation
[bookmark: _Hlk20731328]The UE generates the HARQ-ACK bit corresponding to a PDSCH, in the acknowledgment timing corresponding to the PDSCH reception, and in the reserved bit for the corresponding to the LBT bandwidth. For a LBT bandwidth without a corresponding PDSCH, a NACK is generated. The following discussion use 80 MHz carrier with four LBT bandwidth as an example. 
· Yellow represents PDSCH scheduled using PDCCH in LBT bandwidth (SB0) 
· Blue represents PDSCH scheduled using PDCCH in SB1
· Green represents PDSCH scheduled using PDCCH in SB2
· Red represents PDSCH scheduled using PDCCH in SB3
· [image: ]
Figure 3: different scheduling alternatives in case of Wideband operation

For case 1, UE receives 1 PDCCH. The HARQ-ACK feedback should be X000, where X is the decoding result of TB over SB0, and 0 is NACK.
For case 2, UE receives 1 PDCCHs from SB1 scheduling PDSCH on SB3. Even though, this behaviour might not be common, it is still supported according to the signalling. The HARQ-ACK feedback should be 000X, where X is the decoding result of TB scheduled by PDCCH in SB1. 
For case 3, UE receives 2 PDCCHs. The HARQ-ACK feedback should be 0XYY, where X is the decoding result of TB scheduled by SB1 and Y is the decoding results of TB scheduled by SB2 over SB2 and 3.
For case 4, UE receives two overlapping PDSCH on the same subband. Similar to case 2, this is not the intention of the whole multiple search space monitoring locations design or the intention of supporting multiple time overlapping PDSCH for NR-U.  One option to resolve this case is that if more than one (partial or full) PDSCH is allowed in one subband, the UE should report NACK if at least one PDSCH that is fully or partially sent on this SB is NACK. However, this will lead to error cases if the UE completely misses the detection of PDCCH+PDSCH of one PDSCH and correctly receives another time overlapping PDSCH on the same subband. 
Another option is to consider generating HARQ-ACK bit in a reserved bit that corresponding to the location of the scheduling PDCCH and not where the PDSCH is received. This approach simplifies the design and make it more future proof in case further time-overlapping PDSCH (>2) is allowed in the future. If so, 
· for case 1, the UE reports X000
· for case 2, the UE reports 0X00
· for case 3, the UE reports 0XY0
· for case 4, the UE reports 00XY
  
[bookmark: _Toc20735292][bookmark: _Toc21089979][bookmark: _Toc21363914][bookmark: _Toc24038272][bookmark: _Toc24123750][bookmark: _Toc24123841][bookmark: _Toc20735293][bookmark: _Toc20735294]For wideband semi-static codebook with time overlapping PDSCHs, consider the following alternatives for generation of HAR-ACK bits 
g. [bookmark: _Toc20735295][bookmark: _Toc21089980][bookmark: _Toc21363915][bookmark: _Toc24038273][bookmark: _Toc24123751][bookmark: _Toc24123842]The UE generates the HARQ-ACK bit corresponding to a PDSCH, in the acknowledgment timing corresponding to the PDSCH reception, and in the reserved bit for the corresponding LBT bandwidth where the PDSCH is partially of fully transmitted.
h. [bookmark: _Toc20735296][bookmark: _Toc21089981][bookmark: _Toc21363916][bookmark: _Toc24038274][bookmark: _Toc24123752][bookmark: _Toc24123843]The UE generates the HARQ-ACK bit corresponding to a PDSCH, in the acknowledgment timing corresponding to the PDSCH reception, and in the reserved bit for the corresponding LBT bandwidth where the scheduling PDCCH is transmitted. 
Scheduling enhancements
UL/DL Scheduling combination
Rel-15 allows very flexible cross-carrier scheduling. However, a cell can still be scheduled by one other cell. NR, similar to LAA-LTE, should support the combination of self-scheduling in the DL and cross carrier scheduling in the UL in scenario A. This way, UL is subject to only one LBT at the UE side before the actual uplink transmission, unlike the self-scheduling on unlicensed carrier where two LBTs are needed, one at the gNB to send the grant and another at the UE before the actual PUSCH transmission. 
For standalone scenario, there are benefits in terms of latency if scheduling from any activated unlicensed carrier is allowed. This way, the gNB can send UL grants on the first channel that passes LBT, but that is not feasible due to the limited blind decoding budget at the UE. Nevertheless, there is still strong use case to support self-scheduling for DL and cross carrier scheduling for UL. This is mainly beneficial if the UE is configured with more DL cells than UL, which is expected due to the different power and capabilities between UE and gNB. Taking that into consideration, NR-U should support configuring a cell to have both self- and cross carrier scheduling for UL. 
[bookmark: _Toc7701981][bookmark: _Toc16916400][bookmark: _Toc16918878][bookmark: _Toc19191380][bookmark: _Toc20304149][bookmark: _Toc20304209][bookmark: _Toc20304476][bookmark: _Toc20735297][bookmark: _Toc21089982][bookmark: _Toc21363917][bookmark: _Toc24038275][bookmark: _Toc24123753][bookmark: _Toc24123844]Support UL/DL Scheduling combination: 
i. [bookmark: _Toc7701982][bookmark: _Toc16916401][bookmark: _Toc16918879][bookmark: _Toc19191381][bookmark: _Toc20304150][bookmark: _Toc20304210][bookmark: _Toc20304477][bookmark: _Toc20735298][bookmark: _Toc21089983][bookmark: _Toc21363918][bookmark: _Toc24038276][bookmark: _Toc24123754][bookmark: _Toc24123845]Self-scheduling for DL
j. [bookmark: _Toc7701983][bookmark: _Toc16916402][bookmark: _Toc16918880][bookmark: _Toc19191382][bookmark: _Toc20304151][bookmark: _Toc20304211][bookmark: _Toc20304478][bookmark: _Toc20735299][bookmark: _Toc21089984][bookmark: _Toc21363919][bookmark: _Toc24038277][bookmark: _Toc24123755][bookmark: _Toc24123846]Self- and/or cross-carrier scheduling for UL
UL scheduling DCI design
During RAN1#98bis [2], the following agreement was made: 
Agreement:
For signaling the number of scheduled PUSCHs and TDRA in one DCI scheduling multiple PUSCHs, the TDRA table is extended such that each row indicates multiple PUSCHs (continuous in time-domain)
· Alt. 1: Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· FFS: Separate k2
· Alt. 2: 
· A separate SLIV for 
· the starting slot, 
· the ending slot
· The slots in between have a SLIV of S=0, L=14
· A separate mapping type for 
· the starting slot, 
· the ending slot,
· the slots in between (a single mapping type for all of them)
· The total number of PUSCHs for the row.
· FFS: Extension to non-contiguous PUSCHs
Alternative 1: Enhanced PUSCH allocation table.
Following the “NR Spirit”, the TDRA table for multi-slot scheduling can be constructed as an extension of single slot scheduling. The TDRA table provides information for each individual PUSCH. There is a separate K2, S, L, mapping type corresponding to each PUSCH. To do so, there is no need to implement any change in the table format. Instead, each entry in the table provide a list of values for each of K2, SLIV and mapping type, with each value in the list correspond to a scheduled PUSCH. The maximum length of the list depends on the number of maximum number of scheduled PUSCHs. The number of scheduled PUSCH is implicitly indicated by the TDRA table. If a PUSCH is not to be scheduled, the corresponding (K2, S, L, mapping type) is set to non-valid/empty values. 
Enhanced TDRA table based on Alternative 1 is a straight forward extension from rel-15 TDRA table as compared to Alternative 2.  
This approach does not only support contiguous PUSCH scheduling, but also provides the flexibility to schedule multiple mini-slots in one or more slots which will provide the UE with additional access granularity.  Figure 4 shows PUSCH allocation examples that can be very useful for unlicensed operation.  This will not be possible to achieve using Alternative 2. 
1. With Alternative 2, starting positions per slot are limited to 1 (i.e. at most one PUSCH per slot)
Scheduling PUSCH of different length can also be beneficial in case the same DCI schedule both initial and retransmitted PUSCH(s). In principle, all PUSCH are scheduled using the same MCS, which could restrict the gNB scheduling if it needs to carefully choose a common MCS and PUSCH length for all PUSCH to match the same TB size of a single retransmitted PUSCH.  ​Having the flexibility to select different PUSCH length, provide a mechanism to match the TB size of retransmitted PUSCH to the initial transmission, while not adding restrictions to the newly scheduled initial PUSCHs. 

[image: ]
Figure 4: enhanced PUSCH allocation table
1. Using only simple RRC modification, Enhanced PUSCH allocation table with separate K2 per PUSCH provides flexibility to schedule a mixture of mini-slots and slots. 
Additionally, this solution allows scheduling of non-contiguous PUSCH which can also be very helpful for unlicensed operation. The later can be used to avoid gaps between DL and UL that are enforced by the UE processing delays while keeping the PDCCH overhead minimal, see figure 5.  Supporting non-contiguous PUSCH becomes especially important in case of limits on the UL duration when no LBT is exploited within gNB COT. If supported, there is no need to send separate UL grant for each UL portion, as shown in figure 3. 

[image: ]
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Figure 5: non-contiguous PUSCH allocation use case for NR-U

[bookmark: _Toc20304152]Taking all that in consideration, we believe that indication of TDRA for multi-PUSCH scheduling should be based on alternative 1. 
[bookmark: _Toc24038278][bookmark: _Toc24123756][bookmark: _Toc24123847]For signaling the number of scheduled PUSCHs and TDRA in one DCI scheduling multiple PUSCHs, 
k. [bookmark: _Toc24038279][bookmark: _Toc24123757][bookmark: _Toc24123848]Each PUSCH has a separate SLIV, mapping type and K2 value. 
l. [bookmark: _Toc24038280][bookmark: _Toc24123758][bookmark: _Toc24123849]The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
[bookmark: _Toc19191386][bookmark: _Toc20304156][bookmark: _Toc20304215][bookmark: _Toc19191392][bookmark: _Toc20304162][bookmark: _Toc20304221][bookmark: _Toc20304487][bookmark: _Toc20735308][bookmark: _Hlk520468333][bookmark: _Hlk520468119]CBG based retransmissions 
CBG- based retransmission are intended to reduce the retransmission overhead by allowing transmission of the erroneous part of the transmission, possibly over smaller resource allocation (time or frequency).  Since not all the scheduled PUSCH follow the same MCS and frequency allocation, within the same scheduled burst that in principle has similar channel interference situation, some slots (full TB) have better resource utilization as compared to other slots (partial TB). Not to forget that CBG based retransmission for every slot significantly increases the signaling overhead (Number of bits to signal CGBs per slot = CBG transmission information per slot * maximum number of scheduled slots. 
For these reasons, our preference is not to enable CBG-based retransmission when the DCI schedules multiple PUSCH. Only initial transmission and full TB retransmission can be scheduled when the DCI schedules multiple PUSCH. Nonetheless, this does not mean that CBG-based retransmission can not be used in case multi-PUSCH scheduling is configured. 
In principle, there is no need to include multi-bit RV and NDI when the DCI is scheduling only a single PUSCH. Those bits can be repurposed to indicate CBGTI in case of single PUSCH scheduling. This way, the benefits of enabling CBG based retransmission is retained. Accordingly, we propose the following: 
[bookmark: _Toc16916410][bookmark: _Toc16918888][bookmark: _Toc19191393][bookmark: _Toc20304163][bookmark: _Toc20304222][bookmark: _Toc20304488][bookmark: _Toc20735309][bookmark: _Toc21089993][bookmark: _Toc21363928][bookmark: _Toc24038281][bookmark: _Toc24123759][bookmark: _Toc24123850]If both Codebook group feedback and multi-PUSCH scheduling are configured simultaneously, 
m. [bookmark: _Toc16916411][bookmark: _Toc16918889][bookmark: _Toc19191394][bookmark: _Toc20304164][bookmark: _Toc20304223][bookmark: _Toc20304489][bookmark: _Toc20735310][bookmark: _Toc21089994][bookmark: _Toc21363929][bookmark: _Toc24038282][bookmark: _Toc24123760][bookmark: _Toc24123851]if one PUSCH is scheduled, 
i. [bookmark: _Toc16916412][bookmark: _Toc16918890][bookmark: _Toc19191395][bookmark: _Toc20304165][bookmark: _Toc20304224][bookmark: _Toc20304490][bookmark: _Toc20735311][bookmark: _Toc21089995][bookmark: _Toc21363930][bookmark: _Toc24038283][bookmark: _Toc24123761][bookmark: _Toc24123852]RV, NDI is indicated for one slot (i.e. RV is two bits, NDI is one bit)
ii. [bookmark: _Toc16916413][bookmark: _Toc16918891][bookmark: _Toc19191396][bookmark: _Toc20304166][bookmark: _Toc20304225][bookmark: _Toc20304491][bookmark: _Toc20735312][bookmark: _Toc21089996][bookmark: _Toc21363931][bookmark: _Toc24038284][bookmark: _Toc24123762][bookmark: _Toc24123853]DCI indicates CBGTI information corresponding to the scheduled PUSCH
n. [bookmark: _Toc16916414][bookmark: _Toc16918892][bookmark: _Toc19191397][bookmark: _Toc20304167][bookmark: _Toc20304226][bookmark: _Toc20304492][bookmark: _Toc20735313][bookmark: _Toc21089997][bookmark: _Toc21363932][bookmark: _Toc24038285][bookmark: _Toc24123763][bookmark: _Toc24123854]Else if more than one PUSCH is scheduled, 
i. [bookmark: _Toc16916415][bookmark: _Toc16918893][bookmark: _Toc19191398][bookmark: _Toc20304168][bookmark: _Toc20304227][bookmark: _Toc20304493][bookmark: _Toc20735314][bookmark: _Toc21089998][bookmark: _Toc21363933][bookmark: _Toc24038286][bookmark: _Toc24123764][bookmark: _Toc24123855]CBGTI is not supported in case the DCI is scheduling multiple PUSCH. The field is not included in DCI.
ii. [bookmark: _Toc16916416][bookmark: _Toc16918894][bookmark: _Toc19191399][bookmark: _Toc20304169][bookmark: _Toc20304228][bookmark: _Toc20304494][bookmark: _Toc20735315][bookmark: _Toc21089999][bookmark: _Toc21363934][bookmark: _Toc24038287][bookmark: _Toc24123765][bookmark: _Toc24123856]Each of the RV and NDI bit width is equal to the maximum number of scheduled slots in RRC configuration
o. [bookmark: _Toc16916417][bookmark: _Toc16918895][bookmark: _Toc19191400][bookmark: _Toc20304170][bookmark: _Toc20304229][bookmark: _Toc20304495][bookmark: _Toc20735316][bookmark: _Toc21090000][bookmark: _Toc21363935][bookmark: _Toc24038288][bookmark: _Toc24123766][bookmark: _Toc24123857]Zero padding might be needed to align the DCI length for the two cases. 

TBS determination and MCS signaling for retransmissions
Agreement:
Consider the following alternatives for signalling the MCS index for PUSCHs scheduled by a single DCI. 
· Alt. 1: A single MCS index is signalled for all the PUSCHs scheduled by a single DCI
· UE applies the same behaviour for the PUSCHs scheduled for initial transmission or re-transmission (Rel-15 behaviour):
· If MCS row 0-27 is indicated: the UE determines the TB size based on the explicitly indicated MCS
· If MCS row 28-31 is indicated: the UE refers to the DCI scheduling the initial PUSCH to determine the TB size
· Alt. 2: A single normal MCS (row 0-27) is indicated in the scheduling DCI for uplink multi-TTI scheduling
· For a PUSCH scheduled for initial transmission: the UE determines the TB size based on the explicitly indicated MCS
· For a PUSCH scheduled for re-transmission: the UE refers to the DCI scheduling the initial PUSCH to determine the TB size 
· FFS: The UE does not expect to receive signalling of an implicit MCS row 28-31 in a DCI scheduling multiple PUSCHs
· Alt. 3: Use a bitmap to determine for which of the PUSCHs the TBS determination should not be based on MCS in the multi-TTI DCI, and should instead be based on the previous DCI scheduling the same TB for the same HARQ process ID.
· The bitmap is included in the UL DCI only if the RRC-configured TDRA table includes at least one row that allows indicating more than one PUSCH

The first 27 rows of the MCS index table specifies the modulation, and coding. In that case, the UE determines the TB size based on the explicitly indicated MCS, number of scheduled resource RB, among other parameters. If indicated in case of DCI scheduling a retransmission, the gNB needs to make sure that the provided parameters provide the same TB size as the one indicated in the DCI scheduling the initial PUSCH. 
Rows 28 to 31 are intended for scheduling retransmitted PUSCH and do not provide the modulation order or coding rate. If indicated, the UE refers to the DCI scheduling the initial PUSCH to determine the TB size. 
In our view, the same procedure should be followed even in case of DCI scheduling multi-PUSCH. The same MCS value is assumed for all the scheduled PUSCH. [3] argues that choosing the common explicit MCS (i.e. 0 to 27) and RBs for all PUSCHs just for the purpose of resulting in the same TBS as the initial transmission for the second PUSCH, this will reduce the scheduling flexibility to a great extent. It is true that the same frequency allocation is used for all the scheduled PUSCH. However, it is not accurate to assume that the gNB has to schedule all PUSCH with the same TDRA. Alternative 1 discussed in previous section enables the flexibility of having PUSCH of different length. 
Having the flexibility to select different PUSCH length, provide a mechanism to match the TB size of retransmitted PUSCH to the initial transmission, while not adding restrictions to the newly scheduled initial PUSCHs. 
In principle, we support alternative 1 which provides more robustness as compared to alternative 1 in case the initial DCI was missed by the UE. 
[bookmark: _Toc24038289][bookmark: _Toc24123767][bookmark: _Toc24123858]A single MCS index is signalled for all the PUSCHs scheduled by a single DCI
p. [bookmark: _Toc24038290][bookmark: _Toc24123768][bookmark: _Toc24123859]UE applies the same behaviour for the PUSCHs scheduled for initial transmission or re-transmission (Rel-15 behaviour):
i. [bookmark: _Toc24038291][bookmark: _Toc24123769][bookmark: _Toc24123860]If MCS row 0-27 is indicated: the UE determines the TB size based on the explicitly indicated MCS
ii. [bookmark: _Toc24038292][bookmark: _Toc24123770][bookmark: _Toc24123861]If MCS row 28-31 is indicated: the UE refers to the DCI scheduling the initial PUSCH to determine the TB size
[bookmark: _Toc4702942]Conclusion

Based on the discussion in this paper we make the following proposals:
[bookmark: _GoBack]Proposal 1	DCIs for scheduling PDSCH should support larger DAI field as compared to Rel-15 NR DCI.
Proposal 2	For dynamic codebook, HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 is derived by the next DL DCI scheduling PDSCH with a numerical value for K1.
Proposal 3	The C/T-DAI value for the first PDSCH with a valid PDSCH-to-HARQ-timing-indicator counts also the previous PDSCH(s) with non-numerical PDSCH-to-HARQ-timing-indicator since the last PDSCH with valid PDSCH-to-HARQ-timing-indicator.
Proposal 4	For enhanced dynamic HARQ-ACK codebook, when more than one PDSCH group exists in a HARQ-ACK feedback report, the placement of HARQ-ACK feedback for the two groups is ordered based on increasing group index.
Proposal 5	NFI is not introduced in DCI 1_0.
Proposal 6	The gNB can not indicate retransmission of feedback using DCI 1_0.
a.	If the UE detects a DCI that indicates an NFI corresponding to group 0 since the last scheduled PUCCH that includes feedback for group 0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the fallback DCI, the UE follows the indicated NFI to determine the codebook.
b.	If the UE does not detect a DCI that indicates an NFI corresponding to group 0 since the last scheduled PUCCH that includes feedback for group 0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the fallback DCI, the UE assumes that the NFI is toggled.
Proposal 7	If enhanced dynamic codebook is configured and the presence of UL DAI for an additional PDSCH group is not configured, the existing DAI, should reflect status of each latest DL total DAI of the latest transmitted group that is included in the HARQ-ACK report.
Proposal 8	No semi-static codebook specific enhancements are considered for NR-U
Proposal 9	non-numerical K1 is not beneficial for the semi-static codebook.
Proposal 10	One-shot group HARQ ACK feedback request can be carried in:
a.	UE-specific DCI carrying a grant for PUSCH with/without UL-SCH
b.	UE-specific DCI carrying a PDSCH assignment
Proposal 11	In response to the trigger reception, for every HARQ process to be reported, the UE reports the corresponding latest NDI value for a latest received PDSCH for that HARQ process along with the corresponding HARQ-ACK for the received PDSCH.
Proposal 12	After correctly receiving the feedback in response of one-shot trigger,
a.	gNB toggles the NFI for all groups
b.	The DAI value for PDSCH groups with a received report for their corresponding HARQ process IDs, are reset to the corresponding initial value in addition to counting the PDSCH of that group that were not reported due to feedback timing that does not meet the required processing time.
Proposal 13	Support transmission of HARQ feedback in PUSCH without UL-SCH even if aperiodic CSI is not requested for this PUSCH transmission
Proposal 14	A new dimension reflecting LBT bandwidth is added to the semi-static codebook
Proposal 15	For wideband semi-static codebook with time overlapping PDSCHs, consider the following alternatives for generation of HAR-ACK bits
a.	The UE generates the HARQ-ACK bit corresponding to a PDSCH, in the acknowledgment timing corresponding to the PDSCH reception, and in the reserved bit for the corresponding LBT bandwidth where the PDSCH is partially of fully transmitted.
b.	The UE generates the HARQ-ACK bit corresponding to a PDSCH, in the acknowledgment timing corresponding to the PDSCH reception, and in the reserved bit for the corresponding LBT bandwidth where the scheduling PDCCH is transmitted.
Proposal 16	Support UL/DL Scheduling combination:
a.	Self-scheduling for DL
b.	Self- and/or cross-carrier scheduling for UL
Proposal 17	For signaling the number of scheduled PUSCHs and TDRA in one DCI scheduling multiple PUSCHs,
a.	Each PUSCH has a separate SLIV, mapping type and K2 value.
b.	The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
Proposal 18	If both Codebook group feedback and multi-PUSCH scheduling are configured simultaneously,
a.	if one PUSCH is scheduled,
i.	RV, NDI is indicated for one slot (i.e. RV is two bits, NDI is one bit)
ii.	DCI indicates CBGTI information corresponding to the scheduled PUSCH
b.	Else if more than one PUSCH is scheduled,
i.	CBGTI is not supported in case the DCI is scheduling multiple PUSCH. The field is not included in DCI.
ii.	Each of the RV and NDI bit width is equal to the maximum number of scheduled slots in RRC configuration
c.	Zero padding might be needed to align the DCI length for the two cases.
Proposal 19	A single MCS index is signalled for all the PUSCHs scheduled by a single DCI
a.	UE applies the same behaviour for the PUSCHs scheduled for initial transmission or re-transmission (Rel-15 behaviour):
i.	If MCS row 0-27 is indicated: the UE determines the TB size based on the explicitly indicated MCS
ii.	If MCS row 28-31 is indicated: the UE refers to the DCI scheduling the initial PUSCH to determine the TB size
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