3GPP TSG RAN WG1 Ad Hoc Meeting
R1-1800075
Vancouver, Canada, January 22nd - 26th, 2018
Agenda Item:
7.3.3.3
Source:
Huawei, HiSilicon
Title:
Summary of remaining issues on CBG-based (re)transmission
Document for:
Discussion and decision 
1 Introduction
In this contribution, several remaining issues related to CBG-based (re)transmission are discussed. 
· The first issue relates to the semi-static HARQ-ACK codebook determination for multiple CW case which was not captured in current specification. 
· Secondly, we discuss the HARQ-ACK codebook determination for PDSCH scheduled by PDCCH using fallback DCI when UE is configured with CBG-based (re)transmission. 
· Thirdly, whether/how to support CBG HARQ-ACK bundling is discussed.
2 Semi-static HARQ-ACK codebook determination for multiple CW case
In TS38.213 v15.0.0 section 9.1.2, the semi-static HARQ-ACK codebook determination only captures the single CW case for CBG-based (re)transmission. For completeness, multiple CW case should also be captured. There are two alternatives to determine the order of HARQ-ACK bits within a serving cell, i.e. CBG-first and CW-second or CW-first and CBG second. There is no obvious difference from performance perspective. Either one of the alternatives can be selected. A draft CR is provided in [1].

3 Discussion of new agreements needed in Rel-15
At RAN1#90bis, the following was agreed regarding HARQ-ACK determination for PDSCH scheduling PDCCH using fallback DCI

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
Based on the above agreement, when UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used for the case without HARQ-ACK multiplexing. The current 38.213 has not capture this agreement correctly. A corresponding text proposal is provided in the Appendix. 
In addition, the HARQ-ACK multiplexing case was left FFS. In particular, when both fallback DCI and non-fallback DCI within the associate set are detected by the UE, how to multiplex TB-level feedback with CBG-level feedback needs to be clarified. 
3.1 Semi-static codebook for fallback DCI with HARQ multiplexing
For semi-static HARQ-ACK codebook, the codebook size scales with the number of CBGs configured by RRC. If UE receives several PDSCHs scheduled by PDCCH using both fallback DCI and non-fallback DCI, the UE needs to generate N-bit HARQ-ACK feedback for PDSCHs scheduled by PDCCH using non-fallback DCI and 1-bit  HARQ-ACK for PDSCH scheduled by PDCCH using fallback DCI. To keep the fixed HARQ-ACK codebook size, the 1st bit of corresponding N bits for PDSCH scheduled by fallback DCI is TB-level HARQ-ACK, and the rest N-1 bits NACK are padded as shown in Figure 1. 
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Figure 1. An example of semi-static codebook feedback (2 CBGs are configured)

Proposal 1: For the semi-static codebook, when UE is configured with CBG based retransmission and the configured number of CBGs is N, N-bits is fed back for PDSCH scheduled by PDCCH using fallback DCI, where the 1st  bit is corresponding TB-level HARQ-ACK, and the rest N-1 bits are set to NACK.
The corresponding text proposal can be found in the Appendix.
3.2 Dynamic codebook for fallback DCI with HARQ multiplexing
For dynamic HARQ-ACK codebook, similar mechanism as the semi-static codebook can be applied. Additionally, a separated DAI process for non-fallback DCI and fallback DCI can be considered. To this regard, separated sub-codebook for CBG-level feedback and TB-level feedback can be used. One possible approach is to combine the two sub-codebooks into one UCI with TB-level feedback following CBG-level feedback as shown in Figure 2. 
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Figure 2. An example of dynamic codebook feedback(2 CBGs are configured)
Proposal 2: For the dynamic codebook, when UE is configured with CBG based retransmission, separated DAI process for non-fallback DCI and fallback DCI should be supported. UE generates 1-bit TB-level HARQ-ACK for PDSCH scheduled by PDCCH using fallback DCI.

The corresponding text proposal can be found in the Appendix.
3.3 HARQ-ACK bundling
In NR, the maximum number of HARQ-ACK bits corresponding to one PDSCH is 8, and the total number of HARQ-ACK bits within a bundling window is much larger. Assume 8 CCs are configured and associate set size of each CC is 4, if dynamic HARQ-ACK codebook is configured, the codebook size can vary significantly.  e.g., from 8 (only 1 PDSCH within associate set is scheduled) to 8*8*4=256 (all possible PDSCHs are scheduled). Especially Considering aggregated HARQ-ACK feedback of multiple TBs in same UL slot (e.g., aggregated feedback of multiple carriers or multiple DL slot transmissions) and other UCI types (e.g., SR/RI(CRI)/PMI/CQI/BMI), the total HARQ-ACK payload may exceed the maximum payload limitation of UCI. Therefore, NR should support reducing the total payload of UCI such that the total number of UCI bits through bundling of HARQ-ACK across CBGs within a TB (is equivalent to TB level feedback) can fit into the selected PUCCH resource/format.  Although some other bundling options (e.g., spatial bundling) were also provided, considering the channel correlation, the priority can be “Bundling of HARQ-ACK across CBGs > Bundling of HARQ-ACK in spatial domain > Bundling of HARQ-ACK in temporal domain”.  Noted that, it does not defeat the purpose of configuring CBG since bundling is applied only when the HARQ-ACK payload exceeds a threshold (i.e. determined by the configurable max code rate).
Proposal 3: Dynamic HARQ-ACK bundling across CBGs belong to same TB when code rate in allocated PUCCH resources is more than configured code rate.
The corresponding text proposal can be found in the Appendix.

4 Conclusion
In this contribution we discussed the HARQ-ACK feedback for CBG-based (re)transmission. And we make the following observation and proposals: 
Proposal 1: For the semi-static codebook, when UE is configured with CBG based retransmission and the configured number of CBGs is N, N-bits is fed back for PDSCH scheduled by PDCCH using fallback DCI, where the 1st  bit is corresponding TB-level HARQ-ACK, and the rest N-1 bits are set to NACK.

Proposal 2: For the dynamic codebook, when UE is configured with CBG based retransmission, separated DAI process for non-fallback DCI and fallback DCI should be supported. UE generates 1-bit TB-level HARQ-ACK for PDSCH scheduled by PDCCH using fallback DCI.
Proposal 3: Dynamic HARQ-ACK bundling across CBGs belong to same TB when code rate in allocated PUCCH resources is more than configured code rate.
A draft CR on the case of 2 CWs in one PDSCH when considering CBG-based transmission is shown in [4]. 
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5 Appendix

Text proposal on CBG-based HARQ-ACK codebook determination in 38.213
------------------------------------ Start of Text Proposal ------------------------------------
9.1.1
CBG-based HARQ-ACK codebook determination

< Unchanged parts are omitted >
For the case without HARQ multiplexing, if a UE receives a PDSCH that is scheduled by a PDCCH with DCI format 1_0, the UE generates HARQ-ACK information only for the transport block in the PDSCH.
------------------------------------ End of Text Proposal -------------------------------------
Text proposal on Type-1 HARQ-ACK codebook determination in 38.213
------------------------------------ Start of Text Proposal ------------------------------------
9.1.2
Type-1 HARQ-ACK codebook determination
< Unchanged parts are omitted >
If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, the UE shall determine 
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 HARQ-ACK information bits of a HARQ-ACK codebook for transmission in a PUCCH according to the following pseudo-code. In the following pseudo-code, if the UE does not receive a transport block or a CBG, due to the UE not detecting a corresponding PDCCH with DCI format 1_0 or DCI format 1_1, the UE generates a NACK value for the transport block or the CBG. 
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 is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 on serving cell 
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if HARQ-ACK-spatial-bundling-PUCCH = FALSE, CBG-DL = OFF, 
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 is a monitoring occasion for PDCCH with DCI format 1_1, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks on serving cell 
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elseif HARQ-ACK-spatial-bundling-PUCCH = TRUE, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in serving cell 
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elseif CBG-DL = ON, and 
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 CBGs indicated by higher layer parameter CBGs-per-TB-DL for serving cell 
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elseif CBG-DL = ON, and 
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 CBGs indicated by higher layer parameter CBGs-per-TB-DL for serving cell 
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 is a monitoring occasion for PDCCH with DCI format 1_0,
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------------------------------------ End of Text Proposal -------------------------------------

Text proposal on Type-2 HARQ-ACK codebook in 38.213 
------------------------------------ Start of Text Proposal ------------------------------------
9.1.3.1
Type-2 HARQ-ACK codebook in physical uplink control channel

If a UE is configured with higher layer parameter HARQ-ACK-codebook=dynamic, with higher layer parameter CBG-DL = OFF or is not configured higher layer parameter CBG-DL, a value of the counter downlink assignment indicator of the downlink assignment indicator (DAI) field in DCI format 1_0 or DCI format 1_1 denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) associated with DCI format 1_0 or DCI format 1_1 or DCI format 1_0 indicating downlink SPS release is present, up to the current serving cell and current PDCCH monitoring occasion, first in increasing order of serving cell index and then in increasing order of PDCCH monitoring occasion index 
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 as described in Subclause 9.1.2 except that the maximum slot timing value is replaced by the slot timing value indicated in a first DCI format 1_0 or DCI format 1_1 that the UE detects and the minimum slot timing value is replaced by the slot timing value indicated in a last DCI format 1_0 or DCI format 1_1 that the UE detects and for which the UE transmits HARQ-ACK in a same PUCCH.
< Unchanged parts are omitted >
If a UE transmits HARQ-ACK using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and the UE is configured with
-
higher layer parameter HARQ-ACK-codebook=dynamic;
-
higher layer parameter CBG-DL = ON for 
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-
higher layer parameter CBG-DL = OFF, or is not configured with higher layer parameter CBG-DL, for 
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the UE shall determine the 
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 according to the previous pseudo-code with the following modifications
-
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serving cells and PDCCH with DCI format 1_0 in the 
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 for the determination of a second HARQ-ACK sub-codebook corresponding to PDCCH with DCI format 1_1 in the 
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Instead of generating one HARQ-ACK information bit per transport block for a serving cell from the 
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 HARQ-ACK information bits per transport block as described in Subclause 9.1.1 for two transport blocks if a monitoring occasion includes PDCCH with DCI format 1_1 and the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 2, or generates 
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 HARQ-ACK information bits for one transport block if the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 1 as described in Subclause 9.1.1, where 
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 HARQ-ACK information bits for serving cell 
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-
The pseudo-code operation for HARQ-ACK-spatial-bundling-PUCCH = TRUE is not applicable;

-
The UE generates the HARQ-ACK codebook by appending the second HARQ-ACK sub-codebook to the first HARQ-ACK sub-codebook.
------------------------------------ End of Text Proposal -------------------------------------

Text proposal on HARQ-ACK bundling in 38.213
------------------------------------ Start of Text Proposal ------------------------------------
9.2.3
UE procedure for reporting HARQ-ACK
< Unchanged parts are omitted >
If a UE transmits 
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 and a UE is configured with higher layer parameter CBG-DL = ON, HARQ-ACK bundling is applied across CBGs belong to the same TB. ------------------------------------ End of Text Proposal -------------------------------------
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