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1 Introduction
In RAN1 2018 Ad hoc#1 meeting, regarding NR CA, the related agreements are made as follows [1]:

Agreements:

· Place HARQ-ACK bit(s) in response to SPS PDSCH after ones in response to dynamic PDSCH in the HARQ-ACK codebook

Agreements:

· For semi-static HARQ-ACK codebook, the UE provides CBG-based HARQ-ACK in response to detecting DCI format 1_0 for PDSCH reception on a cell with configuration for CBG-based HARQ-ACK

Agreements:

· No additional bundling for HARQ-ACK is supported when the actual coding rate for UCI on PUCCH exceeds the configured coding rate

· In this case, no dropping of HARQ-ACK

· If the actual coding rate on PUCCH carrying HARQ-ACK/SR only exceeds the configured coding rate, the UE is expected to proceed with the PUCCH transmission carrying the HARQ-ACK/SR

Agreements:

· DCI 0-0 doesn’t contain DAI

· DCI 1-0 contains a 2-bit counter DAI but doesn’t contain total DAI

Agreements:

· Regarding how to select PUSCH for piggybacking UCI 

· Follows the LTE-approach

· FFS whether or not there are any specific issues

Working assumption:

· In case a UE is configured for semi-static HARQ-ACK codebook determination, when the UE detects to receive only one PDSCH on the PCell, the UE reports HARQ-ACK only for the one PDSCH

· FFS whether additional constraints are necessary for the above operation

In this contribution, we focus on the open issues of fallback HARQ-ACK transmission when a UE is configured with semi-static HARQ-ACK codebook and receives a single PDSCH in the downlink association set. The observations and proposals from our side are listed at the end. 
2 Discussion
HARQ-ACK feedback for multiple PDSCHs can be multiplexed in one HARQ-ACK codebook by means of HARQ-ACK multiplexing. In NR, regarding HARQ-ACK multiplexing, HARQ-ACK codebook includes multiple HARQ-ACK bits for

· Multiple CBG(s) of one TB

· Multiple TB(s)/codeword(s) of one PDSCH

· Multiple PDSCHs in time domain

· Multiple PDSCHs on multiple configured component carriers

There are two methods for HARQ-ACK codebook determination, semi-static and dynamic. 

· For semi-static HARQ-ACK codebook determination, the codebook size is dependent on the size of downlink association set and the number of configured DL carriers. If UE is also configured in CBG-based retransmission on DL carriers, the codebook size determination should also consider the RRC configured number of CBGs per TB. For example, if UE is configured with C carriers in carrier domain, where C1 carriers are configured for TB-based retransmission and C2 carriers are configured for CBG-based retransmission, C=C1+C2, and if maximum M CBGs per TB are configured for CBG-based carriers, assuming the downlink association set size is N, then the semi-static HARQ-ACK codebook size is equal to (C1*N+C2*N*M) in case each PDSCH carries one TB. If each PDSCH on some carriers can carry two TBs, the semi-static HARQ-ACK codebook size will be even larger.

· For semi-static HARQ-ACK codebook, the codebook size determination is quite simple. There is no ambiguity between UE and gNB on determining HARQ-ACK codebook size even when some DL transmissions are missed.
· However, too much overhead is caused when few number of PDSCHs received within a downlink association set. In that case, UE has to pad a lot of “NACK” bits to guarantee HARQ-ACK codebook size equal to the value of  (C1*N+C2*N*M) so that understanding on the meaning of each HARQ-ACK bit can be synchronized between gNB and UE.

· In contrast, the dynamic HARQ-ACK codebook determination can generate HARQ-ACK bits for the received DL transmissions according to the decoding results and NACK bits for identified missed DL transmissions. In this way, dynamic HARQ-ACK codebook determination brings less HARQ-ACK feedback overhead and requires less uplink resource for PUCCH transmission.
As mentioned above, the semi-static HARQ-ACK codebook size is equal to (C1*N+C2*N*M) depending on the concrete RRC configuration. One question is, if a UE is configured for semi-static HARQ-ACK codebook determination and only receives a single PDSCH on PCell with TB-based retransmission, is it really necessary for UE to report one-bit HARQ-ACK for the single PDSCH with extra (C1*N+C2*N*M-1) redundant NACK bits for bit padding?  Can UE report only one-bit HARQ-ACK for the single PDSCH?

In LTE, for a UE is configured with PUCCH format 3 for HARQ-ACK transmission in CA case, the UE shall transmit HARQ-ACK using PUCCH format 1a/1b upon reception of single PDSCH on PCell only. For NR, the fallback HARQ-ACK transmission is also important to ensure the system robustness. Therefore, it does make sense to support fallback HARQ-ACK transmission for semi-static HARQ-ACK codebook determination. Otherwise, too much redundant NACK bits are padded in the semi-static HARQ-ACK codebook, which requires more UL resource and UE transmit power.
Proposal 1: Confirm the following working assumption: 

· In case a UE is configured for semi-static HARQ-ACK codebook determination, when the UE detects to receive only one PDSCH on the PCell, the UE reports HARQ-ACK only for the one PDSCH

· FFS whether additional constraints are necessary for the above operation

Still, there are several unresolved issues regarding this fallback operation: if fallback operation is supported in this case, from a UE’s perspective, when can it use the fallback operation? How to determine the HARQ-ACK codebook and PUCCH resource for HARQ-ACK transmission corresponding to the single PDSCH? Considering there is no DAI for semi-static HARQ-ACK codebook, when gNB schedules more than one PDSCH to UE, UE may receive only one PDSCH and determine to use fallback HARQ-ACK transmission, i.e., to transmit one-bit HARQ-ACK to gNB for the received PDSCH. In that sense, gNB cannot distinguish which PDSCH the one-bit HARQ-ACK corresponds to. These questions should be resolved. Otherwise, the fallback operation cannot work properly.

An example is shown in Figure 1. Without consideration of two-codeword transmission and CBG-based retransmission, the semi-static HARQ-ACK codebook size is 8. In case that gNB transmits two PDSCHs in slot n and slot n+1, and UE misses detection of PDSCH in slot n, from gNB’s perspective, it transmits two PDSCHs so that it does not expect to receive HARQ-ACK in fallback operation. Instead, since UE receives only one PDSCH in slot n+1, it shall use fallback operation and transmit one-bit HARQ-ACK for PDSCH in slot n+1. As a result, it causes misunderstanding between gNB and UE. First, gNB cannot tell which PUCCH resource the HARQ-ACK is transmitted on. Second, even if gNB performs an extra detection on the fallback PUCCH resource, it cannot identify the HARQ-ACK bit corresponds to PDSCH in slot n or in slot n+1.
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Figure 1: error case when UE receives single PDSCH and uses fallback PUCCH
Based on above analysis, it is obvious that the error occurs when gNB transmits more than one PDSCH while UE receives only one PDSCH. In order to resolve this error case and ensure proper fallback operation, one option is to add total DAI in DCI. If UE detects the value of total DAI equal to 1, it implies a single PDSCH is transmitted in current downlink association set. Then the UE determines to use fallback HARQ-ACK transmission, i.e., single HARQ-ACK bit for the received PDSCH, instead of semi-static HARQ-ACK codebook. At gNB side, if it transmits a single PDSCH in current downlink association set and set total DAI equal to 1, then it shall receive HARQ-ACK in fallback operation. This option has two drawbacks: (1) two bits are required to indicate total DAI; (2) since total DAI is updated slot by slot, it cannot avoid the problem of missing the last slot. Another option is to use L1 signaling in DCI to indicate fallback operation explicitly. If gNB schedules single PDSCH transmission in the current downlink association set, it can indicate UE to use fallback HARQ-ACK transmission. With the clear indication from gNB to UE, the misunderstanding between both sides on determining the fallback HARQ-ACK transmission can be avoided. Compared to the first option of using two-bit total DAI, only one-bit indicator is enough in DCI. In addition, this L1 signaling exists in DL assignment if semi-static HARQ-ACK codebook is configured, and does not exist if dynamic HARQ-ACK codebook is configured. Furthermore, with the L1 signaling, the PUCCH resource for fallback HARQ-ACK transmission can be easy determined as current NR. To be specific, if the L1 signaling indicates fallback HARQ-ACK transmission is used, then the current two-bit PUCCH resource indication in the DL assignment is used to indicate the fallback PUCCH resource. On the other hand, if the L1 signaling indicates non-fallback HARQ-ACK transmission is used, i.e., semi-static HARQ-ACK codebook is used, the current two-bit PUCCH resource indicator indicates the PUCCH resource for semi-static HARQ-ACK codebook transmission. 
Proposal 2: DCI indicates whether to use fallback HARQ-ACK transmission.

Proposal 3: Current two bits in DL assignment for PUCCH resource indication is reused for fallback PUCCH resource indication in case of fallback HARQ-ACK transmission. 
Additionally, the HARQ-ACK codebook size should be determined when fallback HARQ-ACK is transmitted. There are several cases for HARQ-ACK codebook determination: 
(1) When the single PDSCH is configured with single-codeword transmission mode and single HARQ-ACK bit is enough for HARQ-ACK feedback. The resulting HARQ-ACK codebook size is set to 1; 

(2) The single PDSCH is configured with two-codeword transmission mode. Then a question is to use one bit or two bits for fallback HARQ-ACK feedback; 
(3) For the single PDSCH is configured with CBG-based retransmission, in case of fallback, the question is the HARQ-ACK codebook is set to 1 or M, where M is the RRC configured number of CBGs per TB. To be simple, the CBG-based HARQ-ACK feedback should be fall backed to TB-based feedback in case of the fallback HARQ-ACK transmission.  Considering current NR PUCCH format 0 and 1 can accommodate 1 or 2 bits, the fallback HARQ-ACK codebook size can be set to 1 or 2 depending on RRC configured single-codeword transmission or two-codeword transmission. This is similar to LTE using PUCCH format 1a/1b for fallback PUCCH format.
Proposal 4: Fallback HARQ-ACK codebook size is set to 1 or 2 depending on RRC configured single-codeword transmission or two-codeword transmission.
3 Conclusion

In this contribution, we focus on the open issues of fallback HARQ-ACK transmission. Based on the above analysis in Section 2, we have below proposals:
Proposal 1: Confirm the following working assumption: 

· In case a UE is configured for semi-static HARQ-ACK codebook determination, when the UE detects to receive only one PDSCH on the PCell, the UE reports HARQ-ACK only for the one PDSCH

· FFS whether additional constraints are necessary for the above operation

Proposal 2: DCI indicates whether to use fallback HARQ-ACK transmission.

Proposal 3: Current two bits in DL assignment for PUCCH resource indication is reused for fallback PUCCH resource indication in case of fallback HARQ-ACK transmission. 
Proposal 4: Fallback HARQ-ACK codebook size is set to 1 or 2 depending on RRC configured single-codeword transmission or two-codeword transmission.
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