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1 Introduction

This is a re-submission of R1-1716257.

At the RAN1#90 meeting, the following agreements on grouping CB(s) were reached:
	Agreements:
· At least for single CW case, at least support that the maximum number of CBGs per TB is indicated by RRC signaling

· FFS whether also support to indicate the number of CBGs per TB by L1 signaling 

Agreements:
· At least for single CW case

· The maximum number N of CBG(s) per TB is configured by RRC signaling

· The number M of CBG(s) in the TB equals to min(C, N), where C is the number of CB(s) within the TB.
· For CBG construction
· The first Mod(C,M) CBG(s) out of total M CBG(s) include ceil(C/M) CB(s) per CBG 

· The remaining M-Mod(C,M) CBG(s) include floor(C/M) CB(s) per CBG. 


Further, the following was agreed for the semi-static HARQ feedback codebook design:
	 Agreements:
· For single CW case with CBG based retransmission for the semi-static codebook with HARQ-ACK multiplexing, at least following is supported for the HARQ-ACK composition and mapping per TB

· HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s))
· At least followings are supported
· HARQ-ACK payload size is the same with the configured number of CBGs

· Each HARQ-ACK bit corresponds to each CBG
· FFS payload size reduction

· ACK is reported for a CBG if the same CBG has been successfully decoded

· FFS how to handle the case if TB CRC check is not passed while CB CRC check is passed for all the CBs


This contribution discusses CB-to-CBG mapping and HARQ feedback aspects for CBG based HARQ. 
2 CBG formation
NR supports CBG-based (re)transmission, where the CBs of a given TB are mapped to CB groups (CBGs) and the number of CBGs per TB is configured by the network.  The maximum number (N) of CBGs per TB is agreed [3] to be configured by RRC signalling.  A UE determines the number of CBs (C) based on based on the TB and derives the number of CBG (M) as min(C,N).  The agreement further specifies a rule to determine the number CBs for each of the M CBGs, which ensures a uniform number of CBs per CBG, i.e. the difference of CB number between any two CBGs is either 0 or 1.  

Given the determined number of CBs per CBG, it is useful to have a mapping rule that groups CBs based on the TBS, number of PRBs, and the resources vulnerable to interference. In the context of downlink URLLC/eMBB pre-emption, the gNB may configure the number of groups according to the number of code blocks that fit into a symbol or two within the scheduled resource, with the aim of minimizing the number of code blocks retransmitted.  It is preferable to align as much as possible CBG to symbol to accommodate rate matching for reference and synchronization signals at specific symbol locations.  
Observation 1:
As a general design guideline, it is useful to minimize grouping code blocks across symbol boundaries, and to minimize mapping a code block over multiple symbols.

In fact, in case of URLLC puncturing, the potentially impacted resources by pre-emption may be known by the network. For example, the network may allocate a set of PRBs and/or symbols for possible URLLC transmission. Those resources could have different size depending on the radio resource management. One possible mapping could be to group CBs that are likely to be impacted by URLLC into one CBG and uniformly distribute the remaining CBs across the other CBGs. For example, if the UE is configured with two CBGs, one CBG will group the CBs that are more likely to be interfered while the other CBs are grouped in the other CBG. Such solution could help the gNB to better handle the CBG retransmissions and the UE to soft combine the CBGs.  Therefore, in such scenarios it can be beneficial to allocate CBG using frequency-first rule when mapping the constructed CBG to the allocated resource region of data transmission.  It should be noted that the uniform number of CBs per CBG as agreed may not always ensure CBG-to-symbol alignment and certain CBGs can straddle over symbols.  

Proposal 1:
Support CB-to-CBG mapping minimizing the number of time symbols occupied by the CBs of a CBG.
Nonetheless, in other scenarios the network may not always have knowledge of interference at specific symbol locations. If there is strong coupling with a neighbour cell, the interference may present a frequency-dependent profile (depending on the resources used by the neighbour cell) such that CBs that are mapped to certain RB’s are more likely to fail, regardless of the time symbol. In this type of scenario, a CB-to-CBG mapping that would tend group CBs aligned in the frequency domain might be more advantageous. 

Proposal 2:
Support CB-to-CBG mapping targeting a limited number of RBs occupied by the CBs of a CBG.
It is beneficial to enable the network to configured and apply both mappings to achieve better flexibility and robustness against various operation scenarios.  The configuration can be via RRC signalling or DCI indication.  
Proposal 3:
Support configurability of CB-to-CBG mapping to achieve grouping of CBs either in time or frequency domain.

3 HARQ feedback design considerations
3.1 CBG and TB based HARQ feedback

In addition to multi-bit HARQ feedback, TB level HARQ feedback should also be supported as this can also help provide protection against NACK-ACK errors for CBG HARQ feedback. There are several considerations for TB level HARQ feedback. 

· Option 1. Use all NACK of CBG-level HARQ-ACK bits 

· Option 2. Add 1 bit to CBG-level HARQ-ACK bits
· Option 3. Use different PUCCH format or PUCCH resource
Option 1 - When CBG HARQ feedback is based on indicated CBGs, the CBG feedback field can then be used to provide TB level feedback, for e.g., all NACK of indicated CBGs to provide TB level NACK. Utilizing such an option to provide TB-level feedback can result in improved HARQ feedback coverage.  

Option 2 - Alternatively, one may consider an additional bit for TB level HARQ feedback on top of the multi-bit HARQ feedback. Having a separate bit for TB level feedback can offer feedback protection, for e.g., in the case where only a single CBG is in error and hence NACK, but NACK-ACK error occurs, the gNB would incorrectly assume that the TB was successfully decoded. 

Option 3 - Another option is to utilize a different PUCCH format for the TB level feedback. For e.g., if all CBGs and hence entire TB is correct (both CB and TB-level CRC check passes) or in error (TB-level CRC fails or none of CBGs is correctly decoded), it may be better to have UE send only a single TB-level (ACK or NACK, respectively); whereas if some CBGs are in error, UE can send CBG-level HARQ feedback. Different PUCCH formats, for e.g., PUCCH format 1a for the single-bit feedback case, whereas a PUCCH format that can handle a larger UCI payload can be configured for CBG-level feedback. This scheme has the benefit of dramatically reducing HARQ feedback size from multi-bit to single-bit, which can be especially beneficial in the case where UE is coverage or power constrained. 

Based on the various advantages offered by the various options above; (i) improved coverage offered by option 1, (ii) improved feedback protection offered by Option 2, (iii) and the significant reduction in UCI offered by Option 3, we propose the following.

Proposal 4: 
When TB-level HARQ feedback is supported for CBG based (re)transmission, following options should be considered:(i) use all NACK of CBG-level HARQ-ACK bits, (ii) additional bit for TB level HARQ feedback, (iii) different PUCCH formats for CBG and TB-level feedback options. 

3.2 HARQ feedback codebook based on configured CBGs
In RAN1#90, it was agreed that for the case of single CW and single TB with CBG based retransmission, the HARQ ACK codebook includes an ACK/NACK bit for each configured CBG. In other words, the number of feedback bits is equal to the maximum number of CBGs configured by RRC (N).
In some scenarios, it can be useful to switch between CBG-based feedback and TB-based feedback. A UE in cell edge conditions may be power limited to provide CBG-based feedback with sufficient energy per bit, and therefore the gNB may switch the feedback scheme to per-TB feedback. Further, if the number of CBGs involved in a retransmission is considerably lower compared to the initial transmission, the gNB may signal the UE to revert to TB-based feedback to limit interference on the PUCCH. Such switch can be signalled to the UE via DCI. 

Proposal 5:
The UE is indicated whether to report TB-based-only, or CBG-based feedback in DCI.
The UE may be configured to report HARQ feedback applicable to TB’s assigned from multiple DCI’s. This scenario can occur in case of carrier aggregation, multiple active BW parts, or in TDD case. It is important that both UE and network have the same understanding of the HARQ codebook despite the possibility of missing DCI’s. This may be achieved by using a codebook based on semi-static information (as in LTE FDD CA up to 5 carriers) or by using a codebook based on scheduled assignments containing additional information (DAI) to detect missed DCI’s (as in LTE TDD or FDD CA up to 32 carriers).
If a single bit is used for TB-based feedback, ambiguity of the HARQ feedback codebook size can happen as a result of missing the DCI signalling that indicates to the UE whether to report TB-based or CBG-based feedback. The issue is more problematic when the UE is configured with multiple DCIs for multiple carriers or bandwidth parts on which CBG HARQ is used. In LTE, when the UE detects that a missing DCI (in case a dynamic codebook for CA is used in combination with DAI) or when it does not receive a DCI for a given carrier (in case a static feedback codebook for CA is used), the UE insert a certain number of HARQ bits at the corresponding location. Therefore, that number of bits cannot depend on the DCI, as the DCI may not always be received.
In order to avoid such ambiguity in the codebook size, at least for the case where multiple DCIs are configured, the design of TB-based feedback for a UE configured with CBG-based HARQ can also use the same number of feedback bits as CBG-based feedback. In other words, a per-TB ACK/NACK can be modelled as a string of repeated ACKs or NACKs of length N, the number of configured CBGs by RRC. Since the per-TB ACK/NACK bit is coded by repetition, the PUCCH power required to convey a per-TB ACK is equal to the power needed to convey a single ACK/NACK for a UE without CBG-based HARQ, thus not causing additional interference on the PUCCH.

Proposal 6:
For a UE configured to report HARQ A/N of multiple DCIs, the same number of HARQ feedback bits per TB (N) is reported regardless of the indication of the feedback type in DCI.

Proposal 7:
For a UE configured to report HARQ A/N of multiple DCIs, N bits of the same value are reported when TB-based-only feedback is indicated.

When DCI indicates TB-based HARQ feedback, even though the UE transmits N HARQ bits, since these bits have identical values and this is known by the network decoder, such transmission may be counted as a single information bit for the purpose of setting power of PUCCH. This maintains the benefit of using TB-based HARQ feedback in power limited cell-edge conditions, while keeping a semi-static HARQ feedback codebook size regardless of the feedback type. In other words, If the UE reports CBG-based feedback, the PUCCH power is 10.log(N) dB higher than the case where it was configured with CBG-HARQ but received a DCI to report TB-based feedback, even though the number of bits is the same.
Proposal 8:
For determining power of PUCCH carrying HARQ feedback:
· N bits are counted for each TB of a DCI for which CBG-based feedback is indicated

· N bits are counted for each TB corresponding to a missing DCI (detected by DAI)

· 1 bit is counted for each TB of a DCI for which TB-based feedback is indicated

3.3 HARQ-ACK codebook based on scheduled CBGs
It has been agreed in RAN1#88bis [2] to support HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers. As a result, NR needs to consider HARQ-ACK multiplexing needs for multiple PDSCHs. Like LTE, this will require acknowledging multiple PDSCHs with a single HARQ feedback message, with the need to consider the impact of the additional granularity of CBG-based scheduling on HARQ design. If the number of PDSCHs for which HARQ-ACK needs to be multiplexed in a resource is large and the CBG feedback is based on the number of configured CBGs of each TB, the resulting HARQ payload can become very large. For such scenarios, enabling a codebook based on scheduled (and not configured) CBGs can become beneficial.
Like LTE, both semi-static as well as dynamic HARQ-ACK codebook design for multiple aggregated PDSCHs should be considered. For the semi-static case, the total codebook size is determined by the number of configured cells (component carriers), as well as the number of configured CBGs and HARQ timing. However, a semi-static codebook design can lead to high UCI payload on the PUCCH under certain scenarios, for e.g., many configured CBGs per TB, high number of configured carriers, large number of slots etc. Techniques to reduce UCI payload size such as a dynamic codebook design should be considered. When considering a dynamic codebook design, existing DAI functionality can be reused to allow for identification of missed DL assignments. However, existing DAI functionality is unable to cover the case of missed DL assignments across all PDSCHs if the various TBs (PDSCHs), have a different number of scheduled CBGs. One solution to address this issue is to utilize a fixed HARQ-ACK feedback size for each cell, which can be based on the maximum number of configured CBGs across all PDSCHs. This can be a direct extension of TM switching in LTE, where 2 HARQ-ACK bits are transmitted for each scheduled cell if at least one of these cells is MIMO TM. The downside of such an approach, is that this may lead to unnecessary increase in HARQ payload size, resulting in inefficient usage of UL resources. One way to reduce the UCI payload size is to consider a modified DAI design, wherein DAI can account for CBG level scheduling assignments. This could help reduce UCI payload, at the cost of increased DCI size. Based on the above discussion we propose the following.              

Proposal 9: Consider both semi-static and dynamic codebook design for multiple PDSCHs.

4 Conclusion

In this contribution, CB-based HARQ and multi-bit HARQ feedback were discussed, including motivation and design aspects. The following is observed and proposed:
Observation 1:
As a general design guideline, it is useful to minimize grouping code blocks across symbol boundaries, and to minimize mapping a code block over multiple symbols.

Proposal 1:
Support CB-to-CBG mapping minimizing the number of time symbols occupied by the CBs of a CBG.

Proposal 2:
Support CB-to-CBG mapping targeting a limited number of RBs occupied by the CBs of a CBG.

Proposal 3:
Support configurability of CB-to-CBG mapping to achieve grouping of CBs either in time or frequency domain.

Proposal 4: 
When TB-level HARQ feedback is supported for CBG based (re)transmission, following options should be considered:(i) use all NACK of CBG-level HARQ-ACK bits, (ii) additional bit for TB level HARQ feedback, (iii) different PUCCH formats for CBG and TB-level feedback options. 

Proposal 5:
The UE is indicated whether to report TB-based-only, or CBG-based feedback in DCI.
Proposal 6:
For a UE configured with multiple DCIs, the same number of HARQ feedback bits per TB (N) is reported regardless of the indication of the feedback type in DCI.

Proposal 7:
For a UE configured with multiple DCIs, N bits of the same value are reported when TB-based-only feedback is indicated.

Proposal 8:
For determining power of PUCCH carrying HARQ feedback:
· N bits are counted for each TB of a DCI for which CBG-based feedback is indicated

· N bits are counted for each TB corresponding to a missing DCI (detected by DAI)

· 1 bit is counted for each TB of a DCI for which TB-based feedback is indicated
Proposal 9: Consider both semi-static and dynamic codebook design for multiple PDSCHs.

5 References

[1] “RAN1 Chairman’s Notes”, 3GPP TSG RAN WG1 Meeting #89, May, 2017.

[2] “RAN1 Chairman’s Notes”, 3GPP TSG RAN WG1 Meeting #90, August, 2017.


1/5


