
[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting 91	 R1-1719492
Reno, USA, November 27th – December 1st, 2017

Source: 	ZTE, Sanechips
Title:	On CBG-based (re)transmission 
Agenda Item:	7.3.3.3
Document for:	Discussion and Decision
1. [bookmark: DocumentFor][bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction 
In RAN1 90b meetings, the following agreements on CBG-based (re)transmissions were reached [1]:
	Agreements:
· When UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing
· FFS whether this operation is applied even for the case with HARQ-ACK multiplexing
· Note: this means that fallback DCI does not support CBG level HARQ-ACK feedback
In the 90b-NR-32 email approval, the following consents were agreed:
Agreements:
· In case configured with CBG based retransmission, CBGTI, CBGFI, and NDI are separately indicated in the same DCI.
· In case with CBG based retransmission and multiple CW configuration, single CBGFI is indicated in DCI and commonly applied for both two TBs.
· Discuss further on the detailed DCI composition for CBG based retransmission such as reinterpretation of MCS/TBS field to CBGTI.
· Discuss further on the detailed HARQ-ACK feedback with CBG in terms of TB level HARQ-ACK, HARQ-ACK bundling, HARQ-ACK composition, with consideration of overall HARQ-ACK codebook design.
· Compressed CBG level HARQ-ACK feedback scheme except for HARQ-ACK bundling is not supported in Rel-15.
· No additional CB grouping method is introduced in Rel-15.



In this document, we discuss whether fallback DCI is applied for HARQ-ACK multiplexing and how to form the HARQ-ACK when CBGs are configured and the HARQ-ACKs for multiple TBs are multiplexed. Finally, we also describe how TB-A/N can improve the system efficiency and can how it can be used when all CBGs are decoded correctly. The latter is recited from our answer to the email discussion on CBGs that took place after RAN1#90b. 
2. Discussions
2.1 Fallback DCI for the case with HARQ-ACK multiplexing
One purpose of the fallback DCI is to handle periods of uncertainty during RRC reconfiguration. To keep the size of the fallback DCI small, some fields are suggested to be removed, e.g. no support for spatial multiplexing is given and also resource allocation type 0 will probably not be supported. Some of the existing fields may also be reduced, e.g. the resource allocation field could be made smaller at the cost of some restrictions in the bandwidths which will be possible to schedule.
Assume that a UE is configured with CBG based retransmission, but currently using the fallback DCI. Fallback DCI does not support CBGs. Then, for the case of HARQ-ACK multiplexing, TB level HARQ-ACK must be used. For this scenario, the composition of the HARQ-ACK needs to be studied further, especially how to handle the case of missed TBs.
To simplify the problem description, it can be assumed that a TB-level DAI (Downlink Assignment Index) mechanism is supported at NR. In order to ensure that the base station and the UE have the same understanding about the codebook size if the missed DCI occurs, there are two possible methods:
Method 1: The codebook size is always equal to the number of multiplexed TBs, and each multiplexed TB has TB-level HARQ-ACK of 1 bit. Missed TBs also have TB-level HARQ-ACK of 1 bit.
Method 2: The codebook size is always equal to the codebook size formed according to the CBG HARQ-ACK. Assume that N CBGs are configured. The TBs scheduled by fallback DCI have then N bits of TB HARQ-ACK and missed TBs also have N bits of TB HARQ-ACK. Other TBs that not are scheduled by the fallback DCI are using the CBG HARQ-ACKs. The N bits of TB HARQ-ACK can be obtained by repeating 1 bit of TB HARQ-ACK.
For one example, assume that 4 CBGs are configured and HARQ-ACKs of 3 TBs are multiplexed. The first and second TBs are scheduled to use non-fallback DCI, and the third TB is scheduled to use fallback DCI. Assume further that the UE has lost the second TB, the UE correctly decodes the first TB and the third TB. Then, the codebook size according to method 2 is 4 bits, CBG HARQ-ACK is generated for the first TB. For the second TB, 1 bit NACK is generated and then repeated to 4 bits HARQ-NACK. For the third TB, 1 bit ACK is generated and then repeated to 4 bits HARQ-ACK.
Both Method 1 and Method 2 can achieve the same understanding about the codebook size between the base station and the UE if a missed DCI occurs.
Method 1 is a simple approach, but it cannot support the CBG retransmission mechanism for the case that the TBs are scheduled with the general DCI. Method 2, on the other hand, can also support CBG retransmission for TBs that are not scheduled with the fallback DCI, but it requires more TB-level HARQ-ACK bits for TBs that use the fallback DCI.
In our view, method 2 is preferred because CBG HARQ-ACK for TBs that do not use fallback DCI can also be supported.
Proposal 1: When a UE is configured with CBG based (re)transmission and N CBGs are configured, then for the case of HARQ-ACK multiplexing, fallback DCI can be used for the PDSCHs. Following method (Method 2) shall be used:
· Each TB scheduled by fallback DCI has N bits for its TB HARQ-ACK. 
· Each missed TB also has N bits of TB HARQ-ACK.
· TBs that are not scheduled with fallback DCI use CBG HARQ-ACKs. 
· The N bits of TB HARQ-ACK can be obtained by repeating 1 bit of TB HARQ-ACK.
2.2 HARQ-ACK codebook design for HARQ-ACK multiplexing
In NR, CBG (re)transmission is supported in order to further improve the spectrum efficiency of the data transmission, but at the same time a large number of HARQ-ACK bits are also introduced. These are the obvious advantages and disadvantages of CBG (re)transmission. In our view, the HARQ overhead is a seriously limiting factor for the overall performance of CBG transmissions. This becomes especially evident for the case of HARQ-ACK multiplexing for multiple TBs. When a UE is configured with both carrier aggregation and CBG HARQ-ACK, it can have largely varying UCI sizes depending on the number of configured/scheduled component carriers and CBG configurations. It is possible that the UE needs to feedback multiple sets of CBG HARQ-ACK in one PUCCH in one slot.
For example, if a UE is configured to perform CBG HARQ-ACK with 8 bits for HARQ-ACK for one CC and there are 5 CCs, the UE may need to budget for 40 bits for the PUCCH to carry the CBG HARQ-ACK for all CCs (as the total number of HARQ-ACK bits needs to be selected to handle the worst case).
Another example is when K1 (i.e. different timing between TB/PDSCH transmission and HARQ-ACK feedback) can be dynamically indicated in DCI, and K1 can be 1, 2, 3, or 4. Then, the HARQ-ACK transmitted in slot N can be for the TBs/PDSCHs from the previous slots N-1, N-2, N-3 or N-4. In other words, there can be 4 TBs/PDSCHs transmissions requiring HARQ-ACK feedback in the same slot N. If for this CC, an 8-bit CBG HARQ-ACK is configured, we will need to budget for 32 bits in PUCCH to handle the worst case.
As a result, for HARQ-ACK when CBGs are configured, the overhead will be large when CA and adaptive K1 also are used. Hence, overhead reduction methods should be considered in NR. We need to find methods to reduce the required HARQ-ACK bits in order to make the CBG HARQ-ACK feature sustainable under CA and multiple-K1 scenarios. We should try to find a method that is able to keep the CBG retransmission mechanism unaffected and reduces the HARQ-ACK overhead in the case of HARQ-ACK multiplexing for multiple TBs. 
One possible method is the following: When the CBG retransmission and the HARQ-ACK multiplexing for multiple TBs are configured for UEs, the HARQ-ACK is divided into two parts, the first part is TB HARQ-ACK for all TBs and the second part is CBG HARQ-ACK just for TBs that are decoded incorrectly. The payload size for the first part is determined based on the number of TBs scheduled. The payload size for the second part is determined by the number of NACK TBs from the first part. Both parts are sent in a slot.
An example to further illustrate the above method is shown in Figure 1 below and further described in the following text.
[image: ]
Figure 1 - HARQ-ACK feedback timing is illustrated under CA and multiple-K1 scenarios
It is assumed that one UE is configured and activated with five CCs and also with CBG HARQ-ACK. The adaptive K1 indicates the same slot to feedback HARQ-ACK for the four slots being scheduled. The UE is scheduled as shown in Figure 1. The UE first forms the TB HARQ-ACK according to the reception and decoding, and then forms the CBG HARQ-ACK for the TB that has not been correctly decoded. In this example, it is assumed that the TB in slot n+1 in CC1 is not correctly decoded. Assume that for this TB the second CBG is not decoded correctly whereas the remaining are all received error-free. The resulting HARQ-ACK bits are the represented as follows:
· The first part for TB-level: The TB HARQ-ACK bits are "1111, 1011, 1111, 1111". Each TB corresponds to 1 bit, a total of 16 TBs. The payload size of the first part for TB HARQ-ACK is determined based on the number of TBs scheduled.
· The second part for CBG-level: The CBG HARQ-ACK bits are "1011, 1111, 11" . Since only the one TB is not correctly decoded in 16 TBs. The payload size of the second part for CBG HARQ-ACK is determined by the number of NACK TBs from the first part.
The total number of HARQ-ACK bits is then 26. If the conventional method is used to report theACK/NACK for all CBGs, the total number of HARQ-ACK bits will be 160..
Because the probability that a TB is correctly decoded is about 90%, the number of CBG HARQ-ACK bits will be less because the number of TBs that are not correctly decoded is very small. It can also be said that the increased TB HARQ-ACK bits are less than the CBG HARQ-ACK bits for the correct TBs. Obviously, the HARQ-ACK overhead is greatly reduced by this scheme and the CBG retransmission mechanism is not affected.
Proposal 2: When the CBG retransmission and the HARQ-ACK multiplexing for multiple TBs are configured for UEs, the following method is used to reduce the HARQ-ACK overhead.
· The HARQ-ACK is divided into two parts, the first part is TB HARQ-ACK for all TBs and the second part is CBG HARQ-ACK just for TBs that are decoded incorrectly. 
· The payload size for the first part is determined based on the number of scheduled TBs. TB DAI can be supported.
· The payload size for the second part is determined by the number of NACK TBs from the first part. 
· Both parts are sent in a slot.
The payload size of the first part can be obtained according to the number of scheduled TBs, so its corresponding PUCCH format can be determined and the base station can assign a corresponding PUCCH resource. 
The payload size of the second part is changed according to the number of NACK TBs from the first part. The PUCCH format and resources for the second part can be studied further. In most cases, the number of TBs that are not correctly decoded is small and scales proportionally to the number of scheduled TBs. Thus, a certain amount of resources can be allocated for the PUCCH carrying the second part.
2.3 Support of TB-level A/N for the case that all CBGs have been decoded correctly.
In our view, the TB-level HARQ shall be supported for the case of all CBGs = “ACK”. For a TB, if all CBGs are correctly decoded by the UE, the UE sends 1 bit TB-A/N, but if there is a decoding error in at least one CBG, the UE sends CBG-A/N according to the CBG configuration.
Motivation:
TB-level A/N can use the 1-2 bits payload. The power saving and uplink interference reduction for the PUCCH format is significant compared to PUCCH formats with larger payload (see R1-1717042). Note, that this applies to almost all transmissions since in 90% of the cases (BLER=10%) all CBGs will be decoded correctly. In order to efficiently utilize CBG transmissions an efficient HARQ feedback method that does not impact the CBG retransmission scheme should be supported.  
For example, the PUCCH format 0 (short PUCCH with 1 ~ 2 bits) can be employed for the TB-A/N. It is an important PUCCH format that can be used for most UEs, such with good channel quality or a location in the cell center. One typical use case for CBGs is to increase the retransmission efficiency for large TBS. This will mostly happen in good channel conditions, where it also can be expected that the uplink is good enough to support the short PUCCH.  
Proposal 3: In case of all CBGs = “Ack”, TB-level A/N shall be supported. 
Discussion of PUCCH formats/resources to support TB-level A/N:
There are 2 options.
Option1 - TB-A/N and CBG-A/N use different PUCCH formats transmitted on the same PUCCH resources. This scheme is especially attractive for the short PUCCH but also possible for the long PUCCH. For short PUCCH: For example, the gNB configures both a 1-2 bit payload PUCCH format (format 0) and a PUCCH format for a larger payload (format 2). The UE always uses then the physical resources for its HARQ feedback which are allocated to the format 2. If all CBGs are decoded correctly, the UE will select format 0 and otherwise format 2. This scheme is especially attractive for the short PUCCH, because the larger payload format on the short PUCCH does not support multiplexing. Thus, when CBGs are configured, each UE needs to get its own REs assigned for the CBG-A/N. In case of TB-A/N, these resources can be re-used by the much more power/interference efficient TB-A/N. For long PUCCH, the same as above is in principle also possible when PUCCH format 1 is configured for the TB-A/N and PUCCH format 4 is configured for the CBG-A/N. The drawback is, however, that the multiplexing capacity of the medium payload PUCCH format will be affected.
Proposal 4: For sPUCCH, configure the 1-2 bit payload TB-A/N on the same physical resource as the CBG-A/N. The UE selects autonomously the PUCCH format according to the decoding result. For all CBGs=Ack, it uses 1-2 bits payload. 
Option2 - TB-A/N and CBG-A/N use different PUCCH formats transmitted on the different PUCCH resources. For example, TB-A/N uses PUCCH format 1 and resources configured for TB-A/N and CBG-A/N uses PUCCH format 4 and separate resources configured for CBG-A/N. This scheme can be employed for the long PUCCH as an alternative to option 1. It does not affect the multiplexing capacity, but could lead to a possible waste of resources, since two PUCCH resources need to be reserved. 
Proposal 5: For the long PUCCH, TB-A/N uses PUCCH format 1 and CBG-A/N used PUCCH format 4. They can either be configured on the same or on different resources. The UE selects autonomously the PUCCH format according to the decoding result. For all CBGs=Ack, PUCCH format 1 is used.
The above options apply for both the single CW case the 2 CW case when spatial bundling is supported.
Discussion about the gNB detection complexity:
It has previously been commented by other companies that the described scheme requires 2 blind detections per UE, one for each format. According to our analysis, this increases the detection complexity only slightly. Firstly, in 90% of the cases, the UE will send the TB-Ack. Thus, the gNB may start with a TB-A/N decoding attempt. Only if the no TB-A/N is detected it may also look for the CBG-A/N. Note further, that not a full blind decode needs to be performed in order to distinguish between the two PUCCH formats, it is enough to detect the DMRS.  
Observation 1: The blind decoding complexity is not increased significantly if both TB-A/N and CBG-A/N shall be monitored.
For HARQ-ACK multiplexing case, TB level HARQ-ACK feedback can also be supported for dynamic HARQ-ACK codebook with TB/CBG-level DAI.
3. [bookmark: p2][bookmark: p4][bookmark: p1][bookmark: p3]Conclusion
Based on the analysis given in the contribution, we have the following proposals for HARQ-Ack multiplexing:
Proposal 1: When a UE is configured with CBG based (re)transmission and N CBGs are configured, then for the case of HARQ-ACK multiplexing, fallback DCI can be used for the PDSCHs. Following method (Method 2) shall be used:
· Each TB scheduled by fallback DCI has N bits for its TB HARQ-ACK. 
· Each missed TB also has N bits of TB HARQ-ACK.
· TBs that are not scheduled with fallback DCI use CBG HARQ-ACKs. 
· The N bits of TB HARQ-ACK can be obtained by repeating 1 bit of TB HARQ-ACK.

Proposal 2: When the CBG retransmission and the HARQ-ACK multiplexing for multiple TBs are configured for UEs, the following method is used to reduce the HARQ-ACK overhead.
· The HARQ-ACK is divided into two parts, the first part is TB HARQ-ACK for all TBs and the second part is CBG HARQ-ACK just for TBs that are decoded incorrectly. 
· The payload size for the first part is determined based on the number of scheduled TBs. TB DAI can be supported.
· The payload size for the second part is determined by the number of NACK TBs from the first part. 
· Both parts are sent in a slot.

We also discuss the support of TB-A/N for the case that all CBGs are decoded correctly. It offers benefits for the system performance without sacrificing the implementation complexity. Two different PUCCH formats are configured for TB-A/N and CBG-A/N. The UE decides the UCI payload depending on the decoding result. A low payload PUCCH format results is significantly less power consumption and UL interference. If the short PUCCH format is configured, the UE uses different formats on the same physical resources. If the long PUCCH format is configured, the UE uses different formats on different physical resources. The gNB detection complexity is only slightly increased. 
We make the following proposals and observation
Proposal 3: In case of all CBGs = “Ack”, TB-level A/N shall be supported. 
Proposal 4: For sPUCCH, configure the 1-2 bit payload TB-A/N on the same physical resource as the CBG-A/N. The UE selects autonomously the PUCCH format according to the decoding result. For all CBGs=Ack, it uses 1-2 bits payload.
Proposal 5: For the long PUCCH, TB-A/N uses PUCCH format 1 and CBG-A/N used PUCCH format 4. They can either be configured on the same or on different resources. The UE selects autonomously the PUCCH format according to the decoding result. For all CBGs=Ack, PUCCH format 1 is used.
Observation 1: The blind decoding complexity is not increased significantly if both TB-A/N and CBG-A/N shall be monitored.
4. Reference
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