3GPP TSG RAN WG1 Meeting #89                                                    
          R1-1708025
Hangzhou, P.R. China 15th – 19th May 2017

Agenda item:
7.1.3.3.3
Source:
Samsung

Title:

HARQ-ACK codebook determination 

Document for:
Discussion and decision
1 Introduction

Up to RAN1 #88b meeting, the following agreements related to HARQ-ACK feedback in NR have been achieved.  
Agreements:

· The following is supported for NR 

· From UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region is supported.
…..
Agreements:

· Timing relationship between DL data reception and corresponding acknowledgement can be (one or more of, FFS which ones)

· dynamically indicated by L1 signaling (e.g., DCI)

· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

· FFS: minimum interval between DL data reception and corresponding acknowledgement

· FFS: common channels (e.g. random access)

Agreements:

· Timing between DL data reception and corresponding acknowledgement is indicated by a field in  the DCI from a set of values
· The set of values is configured by higher layer
Agreements:
· HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers is supported.
· FFS: in case of CBG-based re-transmission.
Agreements:
· Strive for unified design regardless of whether the DL/UL resource partition is dynamic or semi-static

· UE behaviors at least the following are common regardless of whether the DL/UL resource partition is dynamic or semi-static:
· Scheduling timing between control to the scheduled data

· HARQ-ACK feedback including timing
· Strive for a limited number of semi-static DL/UL resource partition.

· NR may include tools motivated by either dynamic or semi-static.
· FFS: UE behavior if there is a conflict between dynamic and semi-static signaling.

This contribution discusses HARQ-ACK codebook determination. Other issues of HARQ-ACK feedback are discussed in our companion contributions [1][2][3]. 
2 Discussion

In LTE, there are two dimensions for HARQ-ACK multiplexing. 

· A cell dimension for HARQ-ACK multiplexing across multiple carriers (i.e., for CA).
· A time dimension for HARQ-ACK multiplexing across multiple subframes (i.e., for TDD). 
NR also needs to support the cell and time dimensions for HARQ-ACK multiplexing with some enhancements as is subsequently discussed.  

In addition, NR will support CBG-based transmission and this adds a 3rd dimension for HARQ-ACK multiplexing. Furthermore, different numerologies such as different sub-carrier spacing or different duration for a transmission can be used by different NR carriers or even in a single NR carrier. To minimize specification and implementation impact, RAN1 should strive for a unified HARQ-ACK multiplexing mechanism for all possible cases.  

Proposal 1: Strive for a unified HARQ-ACK multiplexing mechanism for multiple carriers, multiple scheduling durations, and TB and CBG-based retransmission. 
In LTE, HARQ-ACK codebook size can be semi-statically (e.g. based on bundling window size in TDD or on number of configured cells in CA) or dynamically (e.g. based on counter/total DAI in Rel-13 eCA) determined. In NR, both semi-static and dynamic HARQ-ACK codebook determination can also be considered under the usual metrics of HARQ-ACK overhead, DCI overhead, scheduling flexibility, and avoidance of error cases.
2.1 Semi-static HARQ-ACK codebook 
Unlike LTE TDD, the HARQ-ACK bundling window size can be variable in NR. The bundling window can be derived from a  higher-layer configured range for HARQ-ACK timing. The semi-static HARQ-ACK codebook size is determined by the number of candidate HARQ timings configured by higher-layer signaling, the granularity of PDCCH monitoring occasions in time domain and PDSCH transmission duration as well. As shown in figure 1, there are 2 bits in DCI to indicate the HARQ-ACK timing (number of candidate HARQ timings = 4), and the set of higher-layer configured timing is 2, 3, 4 and 6. Assuming a UE is configured to monitor PDCCH in every odd DL slot, then, for a given UL slot, e.g., #7 UL slot, the associated bundling window consists of DL slot #1,3 and 5. It does not necessarily consists of consecutive DL subframes. And the semi-static HARQ-ACK codebook size is 3. 
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Figure 1 bundling window for dynamic HARQ-ACK timing  
The bundling windows associated with adjacent UL slots can overlap, which may lead to potential duplication of HARQ-ACK bits. As is shown in Fig 2, if possible HARQ-ACK timing is from n+3~n+6, then, the bundling window associated with UL slot #7 is DL slot #1~4, and the bundling window associated with UL slot #9 is DL slot #3~6. Then, for PUCCH in UL slot #7, NACK/DTX bit is transmitted for DL slot #1 and #2, and ACK/NACK bit is transmitted for DL slot #3 and #4 according to CRC check result. For PUCCH in UL slot#9, though ACK/NACK bit for DL slot #3 and #4 is already sent in UL slot#7, NACK/DTX bit for these two slots are still transmitted to keep constant HARQ-ACK codebook size. By using RM code, the NACK/DTX does not waste the transmit power, while it is not true for polar code  (polar code is for control information block length K＞=12, Reed-Mueller code for  3<=K<=11 per agreement in RAN1 88b). On the other hand, transmitting meaningful ACK/NACK bits of DL slot#3 and #4 also in UL slot#9 may be beneficial when the UL transmission of UL slot#7 is not guaranteed. For example, in unlicensed band, UL slot#7 may be dropped due to LBT, it is double insurance to include ACK/NACK bits of DL slot #3 and #4 also in UL slot#9.  
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Figure 2 overlapped bundling window for adjacent UL slot 
When CBG-level feedback is configured, the semi-static HARQ-ACK codebook size per PDSCH is determined by maximum number of CBGs or the maximum number of HARQ-ACK bits configured for this carrier [3].  Then, the payload of HARQ-ACK codebook for multiple PDSCHs within the bundling window further increases compared with Rel-13 eCA. A large semi-static codebook size may limit coverage.  

Proposal 2: A semi-static HARQ-ACK codebook size is determined by the HARQ timing, the number of configured carriers, and the maximum number of HARQ-ACK bits per TB if CBG-based HARQ-ACK feedback is configured.  
2.2 Dynamic HARQ-ACK codebook
Dynamic HARQ-ACK codebook determination can be desirable for minimizing HARQ-ACK payload and improving resource utilization and coverage. The total DAI and counter DAI based method from Rel-13 eCA can be a starting point. A DAI is determined/ accumulated within a ‘bundling window’ that can include a variable number of PDSCH transmissions and the last PDSCH transmission can be determined from the HARQ-ACK timing indication in the DCI.  
One of the most important design target for DAI  is to avoid the ambiguity of the number of HARQ-ACK bits, e.g., due to missed DL assignment. With the introduction of CBG-level feedback, existing DAI with the granularity of per PDSCH transmission & per carrier cannot indicate missed CBGs when the number of scheduled CBGs is different on different carriers or in different PDSCH transmissions, as shown in Figure 3. HARQ-ACK feedback for CBG-based retransmissions can be similar to SIMO/MIMO TM switching in LTE where 2 bits are transmitted for each scheduled carrier regardless of SIMO or MIMO TM when at least one carrier is configured with MIMO TM. If the same rule is applied, i.e., NHARQ-ACK HARQ-ACK bits are transmitted for each scheduled carrier regardless of whether the carrier is configured with CBG-level HARQ-ACK or TB-level HARQ-ACK, when at least one carrier is configured with CBG-level HARQ-ACK, and NHARQ-ACK is the maximum number of HARQ-ACK bits among all configured carriers. Obviously, the HARQ-ACK payload is unnecessarily increased and it is possible that actual HARQ-ACK information is often a small fraction of the transmitted HARQ-ACK payload. To reduce the HARQ-ACK payload, the DAI functionality needs to be modified when CB-based retransmissions are configured and the number of DAI bits in the DCI may need to be increased subject to a tradeoff between UCI overhead and DCI overhead. 
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Figure 3 number of scheduled CBGs varies in slots and carriers (Rel-13 counter DAI, total DAI)
Proposal 3: For dynamic HARQ-ACK codebook determination, the DAI-based mechanism of LTE eCA is baseline. Consider enhancements to the LTE DAI functionality to support CBG-based transmissions. 
2.3 HARQ-ACK codebook size reduction
The HARQ-ACK payload to support CBG-based retransmissions and short scheduling intervals can be a multiple of the one in Rel-13 eCA. Therefore, some restrictions on the maximum number of HARQ-ACK bits per TB and/or on the number of PDSCH transmissions having HARQ-ACK feedback in a same HARQ-ACK codebook need to be consider for practical implementations. It can also be necessary to perform HARQ-ACK compression/bundling and the corresponding domains (frequency/cell, time, spatial, CBG) need to be further considered.
Proposal 4: Study HARQ-ACK bundling considering the cell, time, spatial, and CBG domains.  
3. Conclusion
This contribution considered HARQ-ACK codebook determination, and proposes the following.
Proposal 1: Strive for a unified HARQ-ACK multiplexing mechanism for multiple carriers, multiple scheduling durations, and TB and CBG-based retransmission. 

Proposal 2: A semi-static HARQ-ACK codebook size is determined by the HARQ timing, the number of configured carriers, and the maximum number of HARQ-ACK bits per TB if CBG-based HARQ-ACK feedback is configured.  
Proposal 3: For dynamic HARQ-ACK codebook determination, the DAI-based mechanism of LTE eCA is baseline. Consider enhancements to the LTE DAI functionality to support CBG-based transmissions. 
Proposal 4: Study HARQ-ACK bundling considering the cell, time, spatial, and CBG domains.  
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