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Introduction
During RAN plenary #78, the release 15 NR specifications were approved. Furthermore, it was agreed that during the first quarter of 2018, RAN1 will continue to focus on the stabilizing of the basic and essential functionalities within the scope of the December drop. RAN plenary also agreed the following for NR-NR CA: 
- finalization of the work to enable up to 2 different numerologies within the same PUCCH group (PUCCH sent on the CC with smaller SCS) in RAN1 in Q1, and in RAN4 (Core) for Q2, for the December drop.
In this contribution in Section 2 we point out several inconsistencies between current RAN1 agreements and the RAN1 specification (TS 38.213) for Type-1 HARQ-ACK codebook determination. In Section 3, consider Type-2 HARQ-ACK codebook determination, and in Section 4, we discuss the support of two numerologies within the PUCCH group.
Type-1 HARQ-ACK codebook determination
In RAN#91, it has been agreed that 
Agreement
· For semi-static HARQ-ACK codebook, support
· DL association set is determined based on the configured set of HARQ-ACK timings, where the HARQ-ACK payload is ordered based on DL time index
· There is no DAI in DL grants
The agreement leaves it open exactly how the DL association set is determined based on the configured set of HARQ-ACK timings. However, corresponding text in TS38.213 [1] defines DL association set in terms monitoring occasions:


TS38.213: “the UE determines a number  of PDCCH monitoring occasion(s) for PDCCH with DCI format 1_0 or DCI format 1_1, for which the UE transmits a corresponding HARQ-ACK codebook in a same PUCCH or PUSCH. The determination for the number  of PDCCH monitoring occasion(s) is based on the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot for each control resource set in the set of control resource sets configured to the UE as described in Subclause 10.1. For a serving cell and for a HARQ-ACK codebook determination, PDCCH monitoring occasions are indexed in an ascending order in time. “
To our understanding the specification is not compliant with the above agreement. According to agreement, the determination set should not be dependent on when the PDSCH was scheduled but when the actual transmission of PDSCH can actually occur (end). This is illustrated on Figure 1 for slot-based scheduling, where time between DCI (brown) and UCI (red) is computed as K0+K1, where K0 is the slot offset between the PDCCH and the PDSCH, and K1 is the HARQ-ACK delay (Slot-timing-value) between PDSCH and the corresponding HARQ-ACK on PUCCH or PUSCH . Because K1=1 has not been configured in this example, the ACK/NACK for PDSCH in slot n-1 cannot be part of the UCI in slot n. 
It is clear that HARQ-ACKs reported on slot n depend on K1 in a straightforward manner, and DL association set can be determined based on the time of PDSCH transmission. On the other hand, determining DL association set based on PDCCH monitoring occasions would involve also K0. Hence, DL association set determination based on PDCCH monitoring occasions becomes unnecessarily complex.


Figure 1. Illustration of K0 and K1 timing affecting the determination of DL association set.
Even when the DL association set is determined based on actual PDSCH transmission times, the situation gets more complicated when SLIV, i.e. time-domain RA within a slot comes to play. The HARQ-ACK codebook size needs to accommodate HARQ-ACK bits for a  number of PDSCHs that can be scheduled in a slot with the configured values of SLIV. Alternatively, gNB can configure the max number of PDSCH that a UE can assume to be scheduled in one slot.
The approach could be summarized as follows:
· For slot based scheduling on a single cell, the HARQ-ACK codebook size for a given carrier can be simply determined according to the number of unique values of K1 configured by higher layer parameter Slot-timing-value-K1 (8 values at maximum), multiplied by the number of HARQ-ACK bits reported per PDSCH.
· DL association set with respect to UCI transmitted in slot n includes the slots corresponding to the configured K1 values.
· For the mini-slot case, the HARQ-ACK codebook should further take into account the number of possible PDSCH starting points within a slot configured for the UE, i.e. unique values of starting symbol S in the SLIV values configured by higher layer parameter pdsch-symbolAllocation. Additionally both slot and mini-slot PDSCH may be scheduled to UE in same slot. Therefore the HARQ-ACK codebook size for a carrier becomes: 
[bookmark: _Hlk503526094]the number of unique values configured for K1 *(the number of unique starting symbol S values in the configured SLIV values) * the number of bits per PDSCH
· DL association set with respect to UCI transmitted in slot n includes the PDSCH starting points in the slots corresponding to the configured K1 values.
In the CA case the HARQ-ACK codebook size is the sum of codebook sizes for all the configured carriers. 
When non-slot based scheduling is configured, the HARQ-ACK bits can be ordered following the ascending starting symbol S value in SLIV indexes, descending value of K1, and ascending serving cell index. 
We note that this approach may in principle lead into a larger number of HARQ-ACK bits than absolutely necessary with certain extreme configurations. On the other hand, when the gNodeB knows that a given combination of SLIV and K1 is not used, it knows to expect that the corresponding HARQ-ACK bit is set to NACK, and can make use of that when decoding the HARQ-ACK feedback. Furthermore, dynamic HARQ_ACK codebooks can be used in the configurations, where the number of HARQ-ACK bits would otherwise become excessive or otherwise the tight optimization of HARQ-ACK codebook size is important.
Proposal #1: DL association set for semi-static codebook is determined based on the unique values configured for K1 and the unique starting symbol S values in the configured SLIV values.
Proposal #2: In semi-static codebook, the HARQ-ACK bits are ordered following the descending value of K1 and ascending serving cell index. If non-slot based scheduling is configured, 
· HARQ-ACK bits are ordered following the ascending starting symbol S value in the configured SLIV indexes, descending value of K1, and ascending serving cell index.
The DL association set determination for UCI transmitted in slot n is illustrated in Figure 2. In the shown example, the UE is configured with K1 values 1,2,4 and 8. UE is also configured with SLIVs having starting symbol S values 0, 2, and 6. In the figure, the starting symbols for PDSCHs belonging to the DL association set are shown in orange. The resulting codebook contains 12 bits with one HARQ-ACK reported per PDSCH. 
[image: ]
Figure 2. DL association set for semi-static codebook with K1: {1,2,4,8} and starting symbols S: {0, 2, 6}. PDSCH starting symbols belonging to the DL association set of UCI reported in slot n is shown in orange. 
Type-2 HARQ-ACK codebook determination
In this section we propose changes to the way Type-2 HARQ-ACK codebook is determined in TS38.213 [1] to allow for more flexible and robust dynamic HARQ-ACK codebook determination in NR.  
Definition of total DAI
In HARQ-ACK codebook determination pseudo-code in TS38.213 section 9.1.3.1 the codebook corrections (for missed DL assignments) based on total DAI are performed after the loops over serving cells and PDCCH monitoring occasions m are completed. Counter DAI is used within the loops to avoid errors due to missed DL assignments. 
The same codebook determination pseudo-code can be used with two different total DAI definitions:
· total DAI denotes the total number of scheduled PDSCHs (and DL SPS release indication) up to the current PDCCH monitoring occasion 
· total DAI denotes the total number of scheduled PDSCHs (and DL SPS release indication) to be reported in the UCI transmission (e.g. on PUCCH).
The former definition of total DAI improves HARQ-ACK codebook robustness when UE has a considerable number of serving cells configured, as is the case in LTE eCA feature supporting CA with up to 32 CCs. However, it does not provide any robustness against missing the last DL assignment when only one serving cell is scheduled in the last PDCCH monitoring occasion.  
The latter definition provides robustness also against missing the last DL assignment when only one serving cell is scheduled in the last PDCCH monitoring occasion, and hence is more suitable for CA with only few serving cells configured. The latter definition requires scheduling prediction (or scheduling limitation) from gNB scheduler. However, if total DAI can be updated from PDCCH monitoring occasion to another, the scheduling prediction requirement becomes less demanding for gNB.     
We propose that NR allows for both total DAI operations, leaving it up to gNB to decide which one to use. This does not require any changes to the codebook determination pseudo-code in TS38.213. Overall, only few text edits are required for TS38.213 section 9.1.3.1, either by adding description for the latter definition of total DAI or by removing exact description of the former total DAI definition. For example,   

[bookmark: _Ref500250940][bookmark: _Toc501387545]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
[…]

The value of the total DAI in DCI format 1_0 or DCI format 1_1 denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) associated with DCI format 1_0 or DCI format 1_1 or associated with DCI format 1_0 indicating downlink SPS release is present, up to the current PDCCH monitoring occasion and shall can be updated from PDCCH monitoring occasion to PDCCH monitoring occasion. 

Proposal #3: Total DAI is allowed to denote the total number of scheduled PDSCHs (and DL SPS release indication) up to the current PDCCH monitoring occasion or the predicted total number of scheduled PDSCHs (and DL SPS release indication) to be reported in the UCI transmission. Total DAI can be updated from PDCCH monitoring occasion to PDCCH monitoring occasion.
Supported codebook types for CBG-based PDSCH receptions
In the current TS38.213 [1], both semi-static and dynamic HARQ-ACK codebooks are supported for CBG-based PDSCH receptions. However, dynamic HARQ-ACK codebooks are supported for CBG-based PDSCH operation only when carrier aggregated with a serving cell configured with TB-based PDSCH operation. Dynamic HARQ-ACK codebook is not explicitly supported for serving cells using only CBG-based PDSCH operation. 
We see that kind of limitation artificial as dynamic codebook mechanism is supported for a more complex HARQ feedback case. Hence we propose following:
Proposal #4: Dynamic HARQ-ACK codebook determination is supported also for serving cells that all are configured for CBG-based PDSCH reception. 
The support can be achieved e.g. by adding following text to the end of TS38.213 Section 9.1.3.1.:
 
9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
[…]
If a UE transmits HARQ-ACK using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and the UE is configured with
-	higher layer parameter HARQ-ACK-codebook=dynamic;

-	higher layer parameter CBG-DL = ON for  serving cells

the UE shall determine the  according to the previous pseudo-code with the following modifications










-	Instead of generating one HARQ-ACK information bit per transport block for a serving cell from the serving cells, the UE generates  HARQ-ACK information bits per transport block as described in Subclause 9.1.1 for two transport blocks if a monitoring occasion includes PDCCH with DCI format 1_1 and the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 2, or generates  HARQ-ACK information bits for one transport block if a monitoring occasion includes PDCCH with DCI format 1_0 and does not include PDCCH with DCI format 1_1 or if the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 1 as described in Subclause 9.1.1, where  is the maximum value of  across all  serving cells and, if for a serving cell  it is , the UE generates NACK for the last  HARQ-ACK information bits for serving cell ;
-	The pseudo-code operation for HARQ-ACK-spatial-bundling-PUCCH = TRUE is not applicable;
HARQ-ACK reporting in dual numerology CA
Based on RAN#78 outcome, carrier aggregation with up to two different numerologies per PUCCH group will be supported in NR Rel-15. In this section we discuss what kind of enhancements to HARQ-ACK reporting are necessary to support two different DL BWP numerologies. 
PDSCH-to-HARQ-ACK timing is indicated in terms of slots of the PUCCH BWP. The HARQ-ACK timing is illustrated on Figure 3a for HARQ-ACK feedback on short PUCCH and on Figure 3b for HARQ-ACK feedback on long PUCCH. In the figure, combination of 30 kHz and 120 kHZ SCS numerologies is assumed. It can be observed that:
· PDSCH-to-HARQ-ACK timing can be indicated in terms of PUCCH BWP slots also in the case of multiple DL numerologies.
· Due to different processing times, different PDSCH-to-HARQ-ACK timing values are used with different numerologies, e.g. BWP with wider SCS can use shorter PDSCH-to-HARQ-ACK timing due to shorter processing time. This is already supported for NR Rel-15.
Observation #1: PDSCH-to-HARQ-ACK timing can be indicated in terms of PUCCH BWP slots also in the case of multiple DL numerologies.
[image: ] 
Figure 3. HARQ-ACK timing with dual numerology CA and HARQ-ACK timing indicated in PUCCH BWP slots. Short PUCCH (a) and Long PUCCH (b) are shown.
In RAN1#91, it was agreed that the DL association set is determined based on the configured set of HARQ-ACK timings for semi-static HARQ-ACK codebook. As the configured sets of PDSCH-to-HARQ-ACK timing may be rather different in the case of different numerologies on the aggregated DL BWPs, it makes sense to determine DL association sets per DL BWP. An alternative option would be to determine a single DL association set across all aggregated DL BWPs based e.g. on the super-set of the configured PDSCH-to-HARQ-ACK timings K1 on the aggregated DL BWPs. However, this may lead to excessive codebook size, especially in the case of significant difference in the DL BWPs SCSs, and correspondingly with significantly shorter slot duration on one of the BWPs. Otherwise, we see that the Type-1 HARQ-ACK codebook determination as described in section 2 can extended to support dual numerology CA in a straight-forward manner. 
In Type-2 HARQ-ACK codebook, HARQ-ACK only for the scheduled PDSCHs is included to the codebook based on the DAI values in DL assignments and, possibly, in an UL grant. As all DL cells can share the same K1 time unit (PUCCH cell slot), the HARQ-ACK bits can be ordered – and counter DAI incremented - following the order proposed in section 2: according to the ascending starting symbol S value in SLIV indexes, descending value of K1, and ascending serving cell index. Hence we see that Type-2 HARQ-ACK codebook determination based on scheduled PDSCHs and DAI values is sufficient also in the case of multiple DL numerologies. 
Proposal #5: For semi-static HARQ-ACK codebook, the DL association set is determined per DL BWP based on the PDSCH-to-HARQ timing indication values configured for the DL BWP.

Observation #2: Dynamic HARQ-ACK codebook determination based on scheduled PDSCHs and DAI operation is sufficient also in the case of multiple DL numerologies.
Conclusions
In this contribution, we discussed remaining details on Type-1 and Type-2 HARQ-ACK codebook determination, as well as on the support of two numerologies within the PUCCH group. The following observations and proposals were made: 
Proposal #1: DL association set for semi-static codebook is determined based on the unique values configured for K1 and the unique starting symbol S values in the configured SLIV values.
Proposal #2: In semi-static codebook, the HARQ-ACK bits are ordered following the descending value of K1 and ascending serving cell index. If non-slot based scheduling is configured, 
· HARQ-ACK bits are ordered following the ascending starting symbol S value in the configured SLIV indexes, descending value of K1, and ascending serving cell index.
Proposal #3: Total DAI is allowed to denote the total number of scheduled PDSCHs (and DL SPS release indication) up to the current PDCCH monitoring occasion or the predicted total number of scheduled PDSCHs (and DL SPS release indication) to be reported in the UCI transmission. Total DAI can be updated from PDCCH monitoring occasion to PDCCH monitoring occasion.
Proposal #4: Dynamic HARQ-ACK codebook determination is supported also for serving cells that all are configured for CBG-based PDSCH reception. 
Proposal #5: For semi-static HARQ-ACK codebook, the DL association set is determined per DL BWP based on the PDSCH-to-HARQ timing indication values configured for the DL BWP.

Observation #1: PDSCH-to-HARQ-ACK timing can be indicated in terms of PUCCH BWP slots also in the case of multiple DL numerologies.
Observation #2: Dynamic HARQ-ACK codebook determination based on scheduled PDSCHs and DAI operation is sufficient also in the case of multiple DL numerologies.
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