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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 as 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. Thereby, the 2-bit DAI will cause an issue. 
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: _Toc4629828][bookmark: _Toc4786224]DCIs for scheduling PDSCH should support larger DAI field as compared to Rel-15 NR DCI.  	
Larger K1 values 
For cases where the gNB wants to indicate a timing difference that is larger than 15 slots, the gNB can skip providing any timing for the transmission of this HARQ A/N feedback at the time of the data transmission and provide it later when the timing for the transmission of this HARQ A/N feedback is less than 15 slots in the future. In fact, the latter provides much more scheduling flexibility for the gNB instead of deciding on the scheduling for the upcoming 15+ slots in advance. Besides, it is not clear how adding a single (or few) new values of dl-DataToUL-ACK without extending the number of bits of PDSCH-to-HARQ-timing-indicator helps when the gNB still needs to semi-statically down select only 8 values that fall between 0 and 15/31/63. In many occasions in a DL heavy single switching point, the gNB will make use of “no timing indication” because not all values between 0 and 15/31/63 can be indicated by DCI.
[bookmark: _Toc1133775][bookmark: _Toc16916379][bookmark: _Toc16918857]No need to support RRC parameter dl-DataToUL-ACK value larger than Rel-15 NR
	Enhancements 
During RAN1#97 [1], the following was agreed:
Agreement: 
For operation with dynamic HARQ codebook (type-2 codebook): 
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH 
· For any PDSCH scheduled with numerical or non-numerical value of K1 
· The number of HARQ-ACK bits for one PDSCH group can change between successive requests for HARQ-ACK feedback for the same PDSCH group 
· HARQ-ACK feedback for all PDSCHs in the same group is carried in the same PUCCH  
· One DCI can request HARQ-ACK feedback for one or more PDSCH groups in the same PUCCH 
· C-DAI/T-DAI is accumulated only within each PDSCH group 
· FFS: Choose between the following options: 
· T-DAI is included only for the scheduled group 
· T-DAI is included for each group 
· New ACK-Feedback Group Indicator for each PDSCH Group operates as a toggle bit 
· Maximum number of PDSCH groups: 2 (FFS: maximum number of groups 4 and maximum number of groups for which feedback is requested in the same PUCCH) 
· A UE can signal support of this feature as part of capability signaling 

It is still open for discussion if DCI should carry T-DAI only for the scheduled group, or T-DAI for each group. Each option has its own benefits and limitations. On one hand, if T-DAI is included only for the scheduled group, a failure in one group caused by misdetection of the last one or more PDCCHs, will result in wrong determination of the overall codebook that might include feedback transmission for other groups. On the other hand, including T-DAI for each group causes constant overhead that could be redundant in most typical cases. 
The corner case discussed here can be avoided by the gNB without the need to constantly carry T-DAI for each group. In the figure below, we illustrate an example of how the gNB can re-correct the UE’s understanding of the T-DAI for earlier group in scenarios where the gNB expects a lot of PDCCH mis-detection. To do so, the same group ID is used at least once before UL transmission so that the UE is provided with the correct T-DAI value for the earlier group. Not to forget that the gNB also has the flexibility to request separate feedback for each group. In our opinion the increased overhead due to multiple T-DAI is not justified.  Therefore, our preference is to include T-DAI only for the scheduled group.


[image: ]
Figure 1: Dynamic codebook enhancement
[bookmark: _Toc16916380][bookmark: _Toc16918858]DCI carries T-DAI only for the scheduled group 
As for the maximum number of groups, we believe it is enough to support 2 groups, to limit the signalling overhead. The RRC signalling should indicate if the feature is activated or not, and the number of configured groups. 
[bookmark: _Toc16916381][bookmark: _Toc16918859]The number of groups is RRC configured to either 1 or 2 groups
a. [bookmark: _Toc16916382][bookmark: _Toc16918860]If only one group is configured, DCI includes: 
i. [bookmark: _Toc16916383][bookmark: _Toc16918861]New ACK-Feedback Group Indicator: 1 bit 
b. [bookmark: _Toc16916384][bookmark: _Toc16918862]If two groups are configured, DCI includes: 
i. [bookmark: _Toc16916385][bookmark: _Toc16918863]Group index: 1 bit (0 indicates Group 1, 1 indicates Group 2)
ii. [bookmark: _Toc16916386][bookmark: _Toc16918864]New ACK-Feedback Group Indicator: 2 bits each corresponding to a group. 
iii. [bookmark: _Toc16916387][bookmark: _Toc16918865]Request indicator: 1 bit (0 indicates only scheduled group, 1 indicates both groups.)
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. During last meeting, few companies proposed 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]No semi-static codebook specific enhancements are considered for NR-U 
Single shot trigger 

During RAN1#96bis [2], the following agreement was made: 
Agreement: 
· 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 

Our preference is to carry the request on a UE-specific DCI. The 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]one-shot group HARQ ACK feedback request can be carried in: 
c. [bookmark: _Toc7701975][bookmark: _Toc16916390][bookmark: _Toc16918868]UE-specific DCI carrying a grant for PUSCH with/without UL-SCH
d. [bookmark: _Toc7701976][bookmark: _Toc16916391][bookmark: _Toc16918869]UE-specific DCI carrying a PDSCH assignment 
In response to the trigger reception, the UE includes the latest HARQ-ACK status for all configured HARQ processes as long as the processing time requirements are met. 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. 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]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.
[bookmark: _Toc7701978][bookmark: _Toc16916393][bookmark: _Toc16918871]The UE includes the latest HARQ-ACK status for all received PDSCHs as long as the processing time requirements are met. 
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]After correctly receiving the feedback in response of one-shot trigger, 
e. [bookmark: _Toc16916395][bookmark: _Toc16918873]gNB toggles the NFI for all groups
f. [bookmark: _Toc16916396][bookmark: _Toc16918874]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.
dl-DataToUL-ACK values 

During RAN1#96Bis [1], the following agreement was made: 
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. 

What still needs to be discussed is how to signal the timing for the pending HARQ-ACK feedback. A simple solution would be, the timing for the pending HARQ-ACK feedback is set to be the same as the first subsequently transmitted HARQ process that belongs to the same group and with valid (numerical) PDSCH-to-HARQ-timing-indicator. Of course, the 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 that belong to the same PDSCH group since the last PDSCH with valid PDSCH-to-HARQ-timing-indicator. 
[bookmark: _Hlk7099208][bookmark: _Toc7701979][bookmark: _Toc16916397][bookmark: _Toc16918875]The timing for the pending HARQ-ACK feedback with non-numerical PDSCH-to-HARQ-timing-indicator value is set to be the same as the first subsequently transmitted HARQ process that belongs to the same group and with valid (numerical) PDSCH-to-HARQ-timing-indicator.
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: _Toc7701980][bookmark: _Toc16916398][bookmark: _Toc16918876]non-numerical K1 is not beneficial for the semi-static codebook. 
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]Support transmission of HARQ feedback in PUSCH without UL-SCH even if aperiodic CSI is not requested for this PUSCH transmission
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]Support UL/DL Scheduling combination: 
· [bookmark: _Toc7701982][bookmark: _Toc16916401][bookmark: _Toc16918879]Self-scheduling for DL
· [bookmark: _Toc7701983][bookmark: _Toc16916402][bookmark: _Toc16918880]Self- and/or cross-carrier scheduling for UL
UL scheduling DCI design
DCI 0_1 should be extended to support scheduling one or more PUSCH slots. Scheduling multiple PUSCHs using DCI 0_1 should be a functionality that is enabled/disabled via RRC. The RRC configuration should include the following parameters: 
· The maximum number PUSCH that can be scheduled using single DCI. 
· PUSCH-MultiSlotTimeDomainResourceAllocation data structure to be used when the functionality is enabled. (as described in section 3.3.2)

[bookmark: _Toc16916403][bookmark: _Toc16918881]Scheduling multiple PUSCHs functionality is enabled/disabled via RRC. The RRC configuration includes: 
g. [bookmark: _Toc16916404][bookmark: _Toc16918882]The maximum number PUSCH that can be scheduled using single DCI. 
h. [bookmark: _Toc16916405][bookmark: _Toc16918883]PUSCH-MultiSlotTimeDomainResourceAllocation data structure to be used when the functionality is enabled. 
[bookmark: _Hlk12277224]PUSCH-MultiSlotTimeDomainResourceAllocation
A new PUSCH-MultiSlotTimeDomainResourceAllocation is used to configure a time domain relation between PDCCH and the scheduled PUSCHs. The UE refers to the new PUSCH-MultiSlotTimeDomainResourceAllocation when receiving a UE specific DCI 0_1 if PUSCH-MultiSlotTimeDomainResourceAllocation is provided as part of the RRC PUSCH-config. 
[bookmark: _Toc16916406][bookmark: _Toc16918884]UE refers to the PUSCH-MultiSlotTimeDomainResourceAllocation when receiving a UE specific DCI 0_1 if PUSCH-MultiSlotTimeDomainResourceAllocation is provided as part of the RRC PUSCH-config. 

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. If the maximum number of scheduled PUSCH is 4, the entry in the table provides four K2, SLIV, and mapping type values each corresponding to one schedulable PUSCH. 
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. The figure below shows an example where the TDRA table provides the time resource allocation for up to 4 PUSCH. Each row indicates (K2, S, L, mapping type) corresponding to each PUSCH. In this setup, the number of scheduled slots is obtained from the RRC configured table. For example, in case of row 0 to 5, four PUSCH are scheduled. In row 6 to 8, the number of scheduled PUSCH is three. To indicate that, the entry corresponding to the fourth PUSCH is left empty or set to a non-valid value.  
[image: ]
Figure 2: example TDRA configuration for multi-PUSCH scheduling

	TDRA index
	K2
	SLIV
	Mapping Type

	5
	{2,3,4,5}
	S {0,0,0,0}
L {14,14,14,14}
	{A,A,A,A}

	6
	{2,3,4}
	S {0,0,0}
L {14,14,14}
	{A,A,A}


Figure 3: example TDRA configuration corresponding to row 5 and 6 in figure 2

To support this proposal, simple RRC modifications are needed, with no impact on the L1 signalling. The changes are highlighted below in red. 
PUSCH-Config information element
-- ASN1START
-- TAG-PUSCH-CONFIG-START

PUSCH-Config ::=                        SEQUENCE {
    dataScramblingIdentityPUSCH             INTEGER (0..1023)                                                   OPTIONAL,   -- Need S
    txConfig                                ENUMERATED {codebook, nonCodebook}                                  OPTIONAL,   -- Need S
    dmrs-UplinkForPUSCH-MappingTypeA        SetupRelease { DMRS-UplinkConfig }                                  OPTIONAL,   -- Need M
    dmrs-UplinkForPUSCH-MappingTypeB        SetupRelease { DMRS-UplinkConfig }                                  OPTIONAL,   -- Need M

    pusch-PowerControl                      PUSCH-PowerControl                                                  OPTIONAL,   -- Need M
    frequencyHopping                        ENUMERATED {intraSlot, interSlot}                                   OPTIONAL,   -- Need S
    frequencyHoppingOffsetLists             SEQUENCE (SIZE (1..4)) OF INTEGER (1.. maxNrofPhysicalResourceBlocks-1)
                                                                                                                OPTIONAL,   -- Need M
    resourceAllocation                      ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch},
    pusch-TimeDomainAllocationList          SetupRelease { PUSCH-TimeDomainResourceAllocationList }             OPTIONAL,   -- Need M

    pusch-AggregationFactor                 ENUMERATED { n2, n4, n8 }                                           OPTIONAL,   -- Need S
    mcs-Table                               ENUMERATED {qam256, qam64LowSE}                                     OPTIONAL,   -- Need S
    mcs-TableTransformPrecoder              ENUMERATED {qam256, qam64LowSE}                                     OPTIONAL,   -- Need S
    transformPrecoder                       ENUMERATED {enabled, disabled}                                      OPTIONAL,   -- Need S
    codebookSubset                          ENUMERATED {fullyAndPartialAndNonCoherent, partialAndNonCoherent,nonCoherent}
                                                                                                      OPTIONAL, -- Cond codebookBased
    maxRank                                 INTEGER (1..4)                                            OPTIONAL, -- Cond codebookBased
    rbg-Size                                ENUMERATED { config2}                                     OPTIONAL, -- Need S
    uci-OnPUSCH                             SetupRelease { UCI-OnPUSCH}                               OPTIONAL, -- Need M
    tp-pi2BPSK                              ENUMERATED {enabled}                                      OPTIONAL, -- Need S
	 
	

    ...,
    [[
	pusch-MultiSlotTimeDomainAllocationList-rxy SetupRelease { PUSCH-TimeDomainResourceAllocationList-rxy }    OPTIONAL,   -- Need M
    ]]

}

	[bookmark: _Hlk514756726]PUSCH-Config field descriptions

	multiPusch-TimeDomainAllocationList-rxy
List of time domain allocations for timing of UL assignment to UL data. If the field in not absent, the UE refers to multiPUSCH-TimeDomainResourceAllocationList to obtain the time domain allocations for timing of UL assignment to UL when receiving a UE specific non-fallback DCI. 


PUSCH-TimeDomainResourceAllocation information element
-- ASN1START
-- TAG-PUSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-START

[bookmark: _Hlk11838109]PUSCH-TimeDomainResourceAllocationList ::=  SEQUENCE (SIZE(1..maxNrofUL-Allocations)) OF PUSCH-TimeDomainResourceAllocation

pusch-MultiSlotTimeDomainAllocationList-rxy ::=  SEQUENCE (SIZE(1..maxNrofUL-Allocations)) OF PUSCH-TimeDomainResourceAllocationSet-rxy

PUSCH-TimeDomainResourceAllocationSet-rxy ::= SEQUENCE (SIZE(1..maxNrofUL-PUSCH)) OF PUSCH-TimeDomainResourceAllocation


PUSCH-TimeDomainResourceAllocation ::=  SEQUENCE {
    k2                                      INTEGER(0..32)          OPTIONAL,   -- Need S
    mappingType                             ENUMERATED {typeA, typeB},
    startSymbolAndLength                    INTEGER (0..127)
}

-- TAG-PUSCH-TIMEDOMAINRESOURCEALLOCATIONLIST-STOP
-- ASN1STOP

[bookmark: _Toc16916407][bookmark: _Toc16918885]PUSCH-TimeDomainResourceAllocationSet-rxy is used to configure a time domain relation between PDCCH and multiple PUSCH. pusch-MultiSlotTimeDomainAllocationList-rxy contains one or more of such PUSCH-TimeDomainResourceAllocationSet-rxy. Each PUSCH-TimeDomainResourceAllocationSet-rxy contains PUSCH-TimeDomainResourceAllocation information (K2, S, L, mapping type) corresponding to each scheduled PUSCH.  
[bookmark: _Toc16916408][bookmark: _Toc16918886]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.
Assuming a reasonable number of configured S, L and K2 values for multi-slot scheduling, increasing the time domain resources assignment to maximum 5 bits instead of 4 bits can be considered. This way, the table can cover 32 different (S, L, K2) combinations instead of at most 16. 
[bookmark: _Toc7701996][bookmark: _Toc16916409][bookmark: _Toc16918887]Increasing the bit-width of time domain resources assignment field in the multi-slot DCI to maximum 5 bits instead of 4 bits can be considered. 
[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]If both Codebook group feedback and multi-PUSCH scheduling are configured simultaneously, 
i. [bookmark: _Toc16916411][bookmark: _Toc16918889]if  Nslots indicates 1 PUSCH, 
i. [bookmark: _Toc16916412][bookmark: _Toc16918890]RV, NDI is indicated for one slot (i.e. RV is two bits, NDI is one bit)
ii. [bookmark: _Toc16916413][bookmark: _Toc16918891]DCI indicates CBGTI information corresponding to the scheduled PUSCH
j. [bookmark: _Toc16916414][bookmark: _Toc16918892]if Nslots indicates >1 PUSCH, 
i. [bookmark: _Toc16916415][bookmark: _Toc16918893]CBGTI is not supported in case the DCI is scheduling multiple PUSCH. The field is not included in DCI.
ii. [bookmark: _Toc16916416][bookmark: _Toc16918894]Each of the RV and NDI bit width is equal to the maximum number of scheduled slots in RRC configuration
k. [bookmark: _Toc16916417][bookmark: _Toc16918895]Zero padding might be needed to align the DCI length for the two cases. 
2-stage UL grant
It is proposed to support 2-stage UL grant in NR, similarly to eLAA. The feature was introduced in eLAA to split a PUSCH scheduling grant into two parts. Upon detection of the first grant, a UE prepares a PUSCH but it postpones its transmissions until the second grant is detected. Since the PUSCH is already prepared, the UE can immediately (within 16 us) transmit the PUSCH after detecting the second grant by sharing the COT initiated by the gNB. 
In NR, the time between a grant and corresponding PUSCH transmission is flexible and depends at least on the UE capability. However, the minimum time in order of few symbols is far less than the fixed 4ms scheduling time inbuilt in LTE systems. 
It is argued that this time is too large as compare to the time needed for Cat-4 LBT at the UE for transmission of the scheduled PUSCH and it can be reduced, if the UE skips LBT by transmitting after the second grant. However, the LBT from the UE side is moved actually to the gNB side for accessing the channel for the second grant. Considering the time needed for second grant to be transmitted after a successful LBT, it is not clear how much saving in delay can be achieved.  Moreover, transmission of a PUSCH would be conditioned on two successful LBTs at gNB for two grants instead of only one grant. 
Hence, from our perspective, the benefits of this feature for NR-U is questionable and hence the efforts needed for the specification impact to enable this feature are not justified.
[bookmark: _Toc16918946]It is not beneficial to support 2-stage grant in NR.
[bookmark: _Toc4702942]Conclusion
In the previous sections we made the following observations: 
Observation 1	It is not beneficial to support 2-stage grant in NR.

Based on the discussion in this paper we make the following proposals:
Proposal 1	DCIs for scheduling PDSCH should support larger DAI field as compared to Rel-15 NR DCI.
Proposal 2	No need to support RRC parameter dl-DataToUL-ACK value larger than Rel-15 NR
Proposal 3	DCI carries T-DAI only for the scheduled group
Proposal 4	The number of groups is RRC configured to either 1 or 2 groups
a.	If only one group is configured, DCI includes:
i.	New ACK-Feedback Group Indicator: 1 bit
b.	If two groups are configured, DCI includes:
i.	Group index: 1 bit (0 indicates Group 1, 1 indicates Group 2)
ii.	New ACK-Feedback Group Indicator: 2 bits each corresponding to a group.
iii.	Request indicator: 1 bit (0 indicates only scheduled group, 1 indicates both groups.)
Proposal 5	No semi-static codebook specific enhancements are considered for NR-U
Proposal 6	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 7	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 8	The UE includes the latest HARQ-ACK status for all received PDSCHs as long as the processing time requirements are met.
Proposal 9	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 10	The timing for the pending HARQ-ACK feedback with non-numerical PDSCH-to-HARQ-timing-indicator value is set to be the same as the first subsequently transmitted HARQ process that belongs to the same group and with valid (numerical) PDSCH-to-HARQ-timing-indicator.
Proposal 11	non-numerical K1 is not beneficial for the semi-static codebook.
Proposal 12	Support transmission of HARQ feedback in PUSCH without UL-SCH even if aperiodic CSI is not requested for this PUSCH transmission
Proposal 13	Support UL/DL Scheduling combination:
o	Self-scheduling for DL
o	Self- and/or cross-carrier scheduling for UL
Proposal 14	Scheduling multiple PUSCHs functionality is enabled/disabled via RRC. The RRC configuration includes:
a.	The maximum number PUSCH that can be scheduled using single DCI.
b.	PUSCH-MultiSlotTimeDomainResourceAllocation data structure to be used when the functionality is enabled.
Proposal 15	UE refers to the PUSCH-MultiSlotTimeDomainResourceAllocation when receiving a UE specific DCI 0_1 if PUSCH-MultiSlotTimeDomainResourceAllocation is provided as part of the RRC PUSCH-config.
Proposal 16	PUSCH-TimeDomainResourceAllocationSet-rxy is used to configure a time domain relation between PDCCH and multiple PUSCH. pusch-MultiSlotTimeDomainAllocationList-rxy contains one or more of such PUSCH-TimeDomainResourceAllocationSet-rxy. Each PUSCH-TimeDomainResourceAllocationSet-rxy contains PUSCH-TimeDomainResourceAllocation information (K2, S, L, mapping type) corresponding to each scheduled PUSCH.
Proposal 17	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.
Proposal 18	Increasing the bit-width of time domain resources assignment field in the multi-slot DCI to maximum 5 bits instead of 4 bits can be considered.
Proposal 19	If both Codebook group feedback and multi-PUSCH scheduling are configured simultaneously,
a.	if  Nslots indicates 1 PUSCH,
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.	if Nslots indicates >1 PUSCH,
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.
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