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Introduction
This is a revision of R1-1716596.
In this contribution, we discuss remaining issues in code block group construction in Section 2, UL control signaling for CBG operations in Section 3 and DL control signaling for CBG operations in Section 4.
Code block group construction for multiple codewords
In RAN1#90, the following agreements on code-block group (CBG) formation 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:
· For multiple CW cases, the following can be considered.
· Option 1. The gNB configures the maximum number of CBGs per TB.
· Each TB has the same maximum number of CBGs.
· Option 2. The gNB configures the maximum number of CBGs per TB.
· Each TB can be configured with different/same maximum number of CBGs.
· Note: the gNB configures two parameters on the maximum number of CBGs per TB to the UE.
· Option 3. The gNB configures the maximum number of CBGs to be shared by both CWs. 
· FFS: How to divide the total number of CBGs to two CWs

The CBG based HARQ operations are designed to mitigate short time-varying interferences from own cell (pre-emption) or other cells. The maximum size of the CB groups is specifically configured by the network based on the trade-off between signalling overhead and resolution needed to deal with such short time-varying interferences. In case of multiple codeword transmission, the short time-varying interferences to the receiver will impact the codewords with the same pattern. 
Note that the CBG based operation is by explicit configuration from the gNB based careful weighting amongst various performance factors (e.g., required time resolution, likely number of CBs, supportable PUCCH capacity, …). If the CBG HARQ-ACK payload size is too large for the PUCCH resource, it is up to implementation in the gNB to reconfigure to a more appropriate combination of configurations and allocations. There is no need to over-specifying the gNB implementation.

Proposal 1 The gNB configures one maximum number of CBGs per TB. In case of multiple codewords, the same maximum number of CBGs is applied to the codewords.

UL control signalling for CBG
The following agreements on UL control signalling for CBG-based (re)transmission were reached:
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
One CBG design item in the email discussion after NR RAN1 ad hoc # 2 is:
· When CBG-based retransmission is configured, TB-level HARQ-A/N is supported and at least following options can be considered for down-selection in RAN1#90. 
· Option 1. Add 1 bit upon CBG-level HARQ-ACK bits 
· Option 2. Use all NACK of CBG-level HARQ-ACK bits
· Option 3. Use different PUCCH format or PUCCH resource

One of the main motivation to consider short time-varying interference is the pre-emption of the eMBB PDSCH by the URLLC transmissions. In the case of single codeword, such pre-emption causes severe signal losses in the impacted radio resources of the PDSCH. CBG based HARQ-ACK can be used to signal such localized signal degradation clearly. 
Since the URLLC transmission is not be carried over multiple spatial layers. In case of multiple codeword, one of the codeword can be degraded by such pre-emption while the codeword is not impacted. Furthermore, in case of multiple TRP transmissions of the multiple codeword, the URLLC transmission may originate from one of the TRP. Therefore, in many multiple-codeword cases, the short time-varying interferences experienced by the different codewords are different. Spatial bundling between CBG HARQ-ACK of the multiple codewords does not address the heterogeneous short time-varying interferences well. Furthermore, when the actual number of CBGs are different between the codewords, there will be a need of complicated CBG matching rules that can be quite difficult to be designed exhaustively or completely. 

Proposal 2 For CBG based retransmission, semi-static codebook with HARQ-ACK multiplexing is supported. For each TB, HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) of the TB.
· HARQ-ACK payload size is the same with the configured number of CBGs
· Each HARQ-ACK bit corresponds to each CBG
· ACK is reported for a CBG if the same CBG has been successfully decoded
With  codewords, each configured with  CBGs, the HARQ-ACK feedback size is .

Furthermore, there is also a possibility that the receiver may find the TB level CRC fails after all code blocks are decoded and passed CB level CRC. To handle such cases, the receiver should be allowed to NACK all CB groups in a HARQ-ACK feedback even when some of the CB groups had been previously ACKed.

Proposal 3 For CBG based (re)transmission, TB-level HARQ ACK/NACK is supported based on using all ACK or NACK of CBG-level HARQ-ACK bits.

DL control signal for CBG
The following agreements on DL control signalling for CBG-based (re)transmission were reached:
Agreements:
· For a UE configured with CBG-based (re)transmission, the same DCI payload size is assumed for initial transmission and retransmission for the same TB(s)
· Note that this doe not intend to address fallback DCI aspect
· L1 signalling to indicate the number of CBGs per TB is not supported in Rel-15
Agreements:
· For DL CBG-based (re)transmission,
· Following information can be separately configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.
· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed
Agreements:
· For the purpose of further discussion, we conclude following:
· For the following discussion on CBG-based retransmission, define the terms CBGTI and CBGFI as below. 
· CBGTI (CBG transmission information) means information on which CBG(s) is/are (re)transmitted and, 
· CBGFI (CBG flushing out information) means information on which CBG(s) is/are handled differently for soft-buffer/HARQ combining
· At least following is supported for DL CBG-based (re)transmission.
· A DCI includes both CBGTI and CBGFI.
· For single CW case, when N is the maximum number of CBGs configured by RRC
· N bits for CBGTI, and the other 1 bit for CBGFI
· FFS: whether re-interpret NDI as CBGFI
· FFS: whether CBGTI is re-interpreted as NDI 
· FFS: whether jointly using other field as CBGTI or CBGFI
· FFS on multiple CW case.
· At least following is supported for DL and UL CBG-based (re)transmission.
· A DCI includes CBGTI.
· For single CW case, N bits for CBGTI as configured by RRC
· FFS: whether CBGTI is re-interpreted as NDI 
· FFS: whether NDI is re-interpreted as CBGTI
· FFS: whether jointly using other field as CBGTI
· FFS on multiple CW case

The new data indicator (NDI) can be designed in two ways:
· Absolute NDI
In this design, the NDI bit takes on absolute (or standalone) meaning. For example, 1 means the transmission is associated with a new transport block and 0 means the transmission is a retransmission. Both of the proposals of re-interpreting CBGFI or CBGTI as NDI belong to such absolute NDI signalling.
· Toggling NDI
In this design, the meaning of the NDI bits is derived from it change or lack of from the NDI bit received previously. If the NDI bit is different than the NDI bit received previously for the same HARQ process, then the transmission is associated with a transport block different than previous transmission. If the NDI bit remains unchanged, then the transmission is associated with the same transport block as previous (i.e., it’s a retransmission).
The approaches to the NDI design were discussed extensively for Rel-8 LTE. Both approaches can provide effective indication of new data transmission under error-free scenarios. However, their reliabilities are not equal when practical signalling error rates are considered. For example, consider the case where he UE misses the PDCCH for transmitting a new transport block:
· For the absolute NDI approach, the next PDCCH for retransmitting the new TB will contain a NDI bit of value 0. The UE will understand it as a retransmission of the TB before the new TB whose scheduling is missed by the UE. The UE will then mistakenly combine the received signal with those in the soft buffer when these two signals correspond to two different transport blocks. In this case, the soft buffer is completely corrupted and both transport blocks are lost.
· For the toggling NDI, the next PDCCH for retransmitting the new TB will contain a NDI bit that is different than what the UE previously received (since it was toggled in the missed PDCCH). The UE will correctly understand it is a retransmission of a different TB. It will clear the existing soft buffer (if it is occupied) and replace with the new received signal. The processing of the new TB will be correct going forward. 
Therefore, the toggling NDI approach is more reliable than the absolute NDI approach for the case of single signalling error. There can be cases of multiple consecutive signalling errors that can cause both approaches to fail. However, the system is targeting the PDCCH reception error of no more than 1%. It is hence far more likely for single error case to happen than those with multiple consecutive errors. This was among the analysis that supported LTE Rel-8 to adopt the toggling NDI approach.

Proposal 4 A separate 1-bit toggling field is included in DCI for TB-level NDI, regardless of CBG configuration.

Since the URLLC transmission is not be carried over multiple spatial layers. In case of multiple codeword, one of the codeword can be degraded by such pre-emption while the other codeword is not impacted. Furthermore, in case of multiple TRP transmissions of the multiple codewords, the URLLC transmission may originate from one of the TRP. Therefore, in many multiple-codeword cases, the short time-varying interferences experienced by the different codewords are different. With the  CBG HARQ-ACK of the multiple codewords, the gNB obtains complete information on the interferences experienced by the codewords. With a correspondingly separate and full control in the retransmission for each codeword, the gNB can better optimize resource utilized for retransmissions.

Proposal 5 The same CBGFI and/or CBGTI configuration for a DL or UL of a carrier is applied to all codewords of the configured link. 
· With  codewords and  configured bits for CBGFI and/or CBGTI, the CBG operation adds  bits to the DCI,  for CBGTI configuration only and  for CBGTI+CBGFI configuration.
Conclusion
We discussed the code block group designs. We propose
Proposal 1 The gNB configures one maximum number of CBGs per TB. In case of multiple codewords, the same maximum number of CBGs is applied to the codewords.
Proposal 2 For CBG based retransmission, semi-static codebook with HARQ-ACK multiplexing is supported. For each TB, HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) of the TB.
· HARQ-ACK payload size is the same with the configured number of CBGs
· Each HARQ-ACK bit corresponds to each CBG
· ACK is reported for a CBG if the same CBG has been successfully decoded
With  codewords, each configured with  CBGs, the HARQ-ACK feedback size is .
Proposal 3 For CBG based (re)transmission, TB-level HARQ ACK/NACK is supported based on using all ACK or NACK of CBG-level HARQ-ACK bits.
Proposal 4 A separate 1-bit toggling field is included in DCI for TB-level NDI, regardless of CBG configuration.
Proposal 5 The same CBGFI and/or CBGTI configuration for a DL or UL of a carrier is applied to all codewords of the configured link. 
· [bookmark: _In-sequence_SDU_delivery]With  codewords and  configured bits for CBGFI and/or CBGTI, the CBG operation adds  bits to the DCI,  for CBGTI configuration only and  for CBGTI+CBGFI configuration.
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