3GPP TSG RAN WG1 Meeting #89                                                                         R1-1707768
Hangzhou, P.R. China 15th – 19th May 2017
Agenda Item:
7.1.3.3.5
Source:
Lenovo, Motorola Mobility
Title:
HARQ-ACK feedback for CBG-based retransmission 
Document for:
Discussion
1 Introduction
In LTE framework, only TB level HARQ-ACK is feedback from the receiver to the transmitter. The resulting single HARQ-ACK bit per TB reduces the HARQ-ACK feedback overhead. This also guarantees the HARQ-ACK transmission reliability especially in the coverage limited case, e.g., when UL HARQ-ACK transmission is from cell edge UE. However, this results in low transmission efficiency for data with large payload size. Even if only one code block is not correctly decoded at the receiver, the whole TB consisting of multiple code blocks has to be transmitted again.
For NR, it is expected to have higher transmission efficiency for eMBB compared to LTE. In RAN1#88bis, regarding the scheduling and enhanced HARQ procedure as well as multi-bit HARQ-ACK feedback in NR, the related agreements are made as follows [1]:
Agreements:
· Confirm the working assumption as below.

· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:

· Only allow CBG based (re)-transmission for the same TB of a HARQ process

· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB

· CBG can include one CB

· CBG granularity is configurable

Agreements:
· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.

· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.

Agreements:
· HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers is supported.
· FFS: in case of CBG-based re-transmission.
Regarding the CBG grouping, there are three options for consideration. 
Agreements:
· For grouping CB(s) into CBG(s), the following options can be considered.

· Option 1: With configured number of CBGs, the number of CBs in a CBG changes according to TBS.

· FFS for the case of re-transmission or the case when the number of CBs is smaller than the configured number of CBGs

· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.

· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.

· FFS: for the case of re-transmission

· FFS on details of each option

· FFS: CBG is approximately aligned with symbol(s)

· Other options are not precluded

Besides of the issue of CBG grouping, there are still several open issues need to be solved, e.g., how to generate HARQ-ACK bit per code block group, how to report the HARQ-ACK as well as some issues when CBG-based retransmission is adopted in UL data transmission. In this contribution, we focus on the open issues of the enhanced HARQ-ACK feedback and code block group based retransmission for eMBB in both downlink and uplink and present our views.
2 Discussion
For 5G NR, from the perspective of RAN1 specification, maximum channel bandwidth per NR carrier is 400MHz in Rel-15. With that wide carrier bandwidth, data transmission over the full carrier bandwidth will lead to a quite large TBS. Consequently, the number of code blocks for the maximum TBS might be larger than one hundred. The incorrectly decoding of any one code block will lead to retransmission of all the code blocks of the TB if a single bit HARQ-ACK feedback for the TB is transmitted from the receiver to the transmitter. Especially, when DL eMBB transmission suffers the burst interference from URLLC transmission from neighboring cells, there may be just one or two OFDM symbols of eMBB transmission impacted by such unpredictable URLLC transmission. With the help of multi-bit HARQ-ACK feedback, gNB can know the decoding state at UE side to a certain extent and only retransmit the impacted code blocks.
On the other hand, from the perspective of HARQ-ACK feedback overhead, single bit HARQ-ACK feedback from the receiver to the transmitter has the least HARQ-ACK overhead. However, more HARQ-ACK feedback bits can lead to more targetted retransmission. Theoretically, the most efficient retransmission is to only retransmit the failed code blocks at the cost of multiple HARQ-ACK bits with each HARQ-ACK corresponding to one code block. The problem is the resulting HARQ-ACK overhead in this framework may be huge and there may have no sufficient resource to transmit these large ACK/NACK payloads, especially when the number of code blocks forming a TB is about one hundred and when only one or two symbols can be used for short PUCCH transmission for fast HARQ-ACK feedback. Therefore, a trade off is needed to balance the number of the reported HARQ-ACK bits and the retransmission efficiency.
To reduce the HARQ-ACK overhead, 5G NR can also use the concept of HARQ-ACK bundling, which is introduced in Rel-8 TDD LTE to generate one or two HARQ-ACK bits for TDD UL/DL configuration 1, 2, 3, 4 and 5 by means of performing logic AND operation on the HARQ-ACK bits corresponding to those PDSCHs transmitted in same subframe set [3, 4]. For NR, since each code block can be decoded independently, a corresponding ACK or NACK for each code block is generated after decoding. Multiple consecutive code blocks can be grouped together to form a code block group like multiple subframes forming a subframe set for ACK/NACK bundling in TDD LTE. Therefore, one code block group can correspond to one ACK or NACK bit by performing logic AND operation on the HARQ-ACK bits corresponding to those code blocks within the same code block group. The number of resulting HARQ-ACK bits for one transport block is equal to the number of code block groups. Typically, since the number of code block groups of one transport block is equal to the ceiling of the number of code blocks divided by the code block group size, adjustment on the size of code block group can vary the HARQ-ACK overhead for one transport block so that a tradeoff between transmission efficiency and HARQ-ACK overhead can be obtained. One example is shown in Figure 1. The code block size is assumed to 4. So every four consecutive code blocks form one code block group which corresponds to one HARQ-ACK bit. The last code block group may have less than 4 code blocks in case that the number of code blocks is not divisible by 4.
Proposal 1: Support HARQ-ACK bundling to generate single HARQ-ACK bit per code block group.
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Figure 1: Code block grouping and corresponding A/N generating
To support CBG-based retransmission, gNB and UE should firstly have same knowledge on the CBG size as the CBG size is variable to cover minimum one code block and maximum all the code blocks of the entire TB. Regarding the CBG construction and CBG size determination, the related discussion is captured in our companion contribution [5]. Based on the known code block group size, UE can group the consecutive code blocks to form a CBG and generate a single HARQ-ACK bit for each CBG. After that, UE shall report the generated multiple HARQ-ACK bits to gNB. Without any transmission error for HARQ-ACK bits in uplink, gNB shall receive such feedback information and only retransmit the “NACK” CBG(s) in next transmission occasion with the same HARQ process ID and untoggled NDI. At the UE side, upon reception of the same HARQ process ID and untoggled NDI, the UE understands the next transmission is a retransmission and aimed for retransmission of the reported failed CBG(s). Based on this, the UE shall combine the current retransmitted CBG(s) with the reported failed CBG(s) for further decoding.
However, DTX error case may happen if the UCI comprising multiple HARQ-ACK bits is missed by gNB. This may be especially true considering multiple-bit HARQ feedback is not as reliable as single-bit HARQ feedback. In case the feedback is missed, the gNB shall not know the reason whether the DL assignment was missed by UE or get the feedback information of which CBG(s) is correctly decoded by UE. Therefore, gNB has to retransmit all the CBGs, i.e., the entire TB, to UE. At the UE side, it expects a partial retransmission of the CBGs with NACK reported by UE instead of the entire TB. This misunderstanding may lead to UE buffer corruption and decoding failure again when the UE performs HARQ combination of the previous failed CBGs with current retransmission. One example is shown in Figure 2. In initial transmission, a TB is divided to four code block groups and only CBG1 is not correctly decoded at UE side. So the UE shall report the CBG-based HARQ-ACK feedback, e.g., ACK, NACK, ACK, ACK, to gNB, then expect the retransmission of CBG1. However, the HARQ-ACK feedback is missed at gNB side so that gNB has to retransmit all the CBGs instead of UE-expected CBG1. Without any DTX error case handling, UE regards the retransmission of all CBGs as retransmission of CBG1 and combine the received soft bits with stored CBG1’s soft bits for further decoding, which leads to UE buffer corruption and decoding failure. So DTX error handling is needed.
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Figure 2 One example on DTX error case
Using NDI cannot solve this problem because it is just used to indicate the current transmission is an initial transmission of a new TB or retransmission of a same TB. It cannot differentiate the CBG-based partial retransmission. If CBG-based NDI is introduced, one problem is too much signalling overhead in DL assignment is needed to guarantee each CBG has a specific NDI. Another problem is CBG cannot be changed as soon as it is formed in initial transmission. A third drawback is the different payload size for DCI with per-CBG NDI compared to DCI for scheduling initial transmission with only one-bit TB-level NDI will lead to extra UE blind detection effort. Therefore, further study is needed to solve the misunderstanding between gNB and UE on the complete retransmission of the TB or partial retransmission of failed CBG(s) of the TB.
Proposal 2: DTX error case handling is needed for CBG-based retransmission.

As mentioned above, current discussion is focused on the HARQ-ACK feedback for DL data transmission. Due to larger TBS is also adopted for UL data transmission, one UL TB may consist of quite a few code blocks similar to DL data transmission. If only single HARQ-ACK feedback bit is transmitted for one UL TB, all the code blocks of the TB shall be retransmitted so long as only one code block is not correctly decoded at gNB side. Furthermore, considering the burst interference from unpredictable UL URLLC transmissions in the same cell or neighboring cells, the ongoing UL eMBB data transmission shall experience such burst interference similar to DL case. Due to the stringent latency requirement of URLLC, it is transmitted in mini-slot level and spans a short time in time domain and large bandwidth in frequency domain. Based on this characteristic, one or two symbols of ongoing UL eMBB data transmission may be impacted by burst UL URLLC transmission. In that sense, major part of this UL TB still has about 90% probability to be correctly decoded while the impacted part may have quite low probability to be correctly decoded. With the help of multi-bit HARQ feedback for one UL TB and the mechanism for CBG-based retransmission, the UE can exactly know which CBG is not successfully received and only retransmit the CBG(s) with NACK indicated by gNB. In this way, there are two benefits for UL eMBB data transmission. A benefit is that UE’s transmit power consumption is greatly reduced due to few CBGs are retransmitted. The another benefit is that uplink radio resource is saved and can be used for more useful transmissions. 
So far, asynchronous HARQ is supported for NR UL transmission, which implies that HARQ-ACK feedback corresponding to UL data transmission is indicated in DCI for UL grant transmission. For single bit HARQ-ACK feedback for one UL TB, current one-bit NDI in UL grant can be used as ACK/NACK indication. In order to support multi-bit HARQ-ACK feedback for one UL TB, new signaling bits are needed.

Moreover, for a UE configured with CBG-based retransmission for one UL TB, it does make sense that the UE expects its serving gNB to indicate the HARQ-ACK feedback per CBG in UL grant for scheduling uplink retransmission. Upon reception of this UL grant, the UE shall retransmit the CBG(s) with NACK indicated by gNB. Clearly, this HARQ-ACK bits for indicating decoding results for all the CBGs of the UL TB is not needed in the UL grant DCI for scheduling initial UL transmission. Additionally, the HARQ-ACK feedback may have less signaling bits in the subsequent UL grant for the second retransmission after the first retransmission due to the number of failed CBGs need retransmission is less and less. This come up with one problem, i.e., how to guarantee the same length/payload size between the UL grant for scheduling initial transmission and the UL grant for scheduling the retransmission even subsequent second or third retransmission. Otherwise, UE has to perform more blind detection effort to try each possible payload size for UL grant reception.
Proposal 3: The same payload size for UL grants scheduling initial transmission and retransmission should be guaranteed. 

3 Conclusion

In this contribution, we focus on the open issues of the enhanced HARQ-ACK feedback and code block group based partial retransmission for downlink eMBB and present our views.
Based on the above analysis in Section 2, we have below proposals:
Proposal 1: Support HARQ-ACK bundling to generate single HARQ-ACK bit per code block group. 

Proposal 2: DTX error case handling is needed. 

Proposal 3: The same payload size for UL grants scheduling initial transmission and retransmission should be guaranteed. 
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