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1 Introduction
In the RAN1 #90 meeting and RAN1 NR-AH#3 meeting, the followings for DL signaling of CBG-based transmission were agreed [1]-[2].
	Agreements: (RAN1 #90)
· 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

Agreements: (RAN1 NR-AH#3):
· 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


For CBG-based (re)transmission, multi-bit CBGTI can be contained in DCI scheduling PDSCH or PUSCH and additionally 1-bit CBGFI can be contained in DCI scheduling PDSCH. When considering UE’s coverage, DCI payload size should keep as small as possible. In this contribution, we provide our view on DL control signaling when CBG-based transmission is configured.

2 DL Control Signaling Design for CBG-based Transmission
DCI Contents for CBG-based Transmission
When CBG-based (re)transmission is configured, at least CBGTI, MCS, RV would be explicitly carried in DCI or implicitly implied to a UE. Additionally, CBGFI can be separately configured. 
Table 1. Required fields in DCI
	Field name
	Meaning
	Size
	Required?

	
	
	
	Initial tx (all CBG transmission)
	Retx

	CBGTI (CBG transmission information)
	Which CBG(s) is/are (re)transmitted
	NCBGTI bits [4~8bits]
	X
	O
(NCBGTI bits)

	CBGFI (CBG flushing information)
	Which CBG(s) is/are handled differently for soft-buffer/HARQ combining
	1 bit if configured
	X
	O
(1bit)

	NDI (New data indicator)
	Whether a new TB is transmitted or not
	At most 1 bit
	O
(at most 1bit)
	
(1bit)

	MCS (Modulation and coding scheme)
	Modulation order, code rate, TBS
	5 bits (MCS field size in LTE is a baseline)
	O
(at least 5 bits)
	O
(at least 2 bits)

	RV (Redundancy version)
	Redundancy version for a TB
	2 bits (agreed in NR Adhoc#2)
	X
(always RV#0)
	O
(2bits)



[bookmark: _GoBack]CBGTI field: In the RAN1#90 meeting, it was agreed that, for DL CBG-based (re)transmission, DCI can contain the CBGTI field to indicate which CBG(s) is/are (re)transmitted. Each CBGTI bit indicate whether the corresponding CBG is scheduled or not. At least 4 CBGs should be supported in NR. This information can be omitted in a DCI scheduling an initial transmission if it is agreed that initial transmission should contain all CBGs.
CBGFI field: In the RAN1#90 meeting, it was agreed that, for DL CBG-based (re)transmission, DCI can contain the 1-bit CBGFI to indicate which CBG(s) is/are handled differently for soft-buffer/HARQ combining. This CBGFI field is not necessary when all CBG are scheduled because the same buffer flushing operation can be implemented by NDI. 
NDI field: As used in LTE, NDI field can inform whether a new TB is transmitted or not. At most 1-bit NDI is sufficient. Since NDI is toggled in a DCI scheduling an initial transmission, NDI may not be needed in DCI scheduling retransmission. Therefore, NDI can be reused in retransmission. However, when a UE fail to receive the DCI scheduling the initial transmission, the UE cannot know the scheduled TB is new or not so that there are critical miss-understanding on NDI. Therefore, NDI should be contained in every DCI.
MCS field: As used in LTE, MCS field can inform a UE of modulation order, code rate, and TBS. The bit-size of the MCS field in LTE is a baseline, i.e., at least 5-bit MCS field. For an initial transmission, a UE needs 5-bit MCS to obtain modulation order, code rate and TBS, but for retransmission, the UE only needs 2-bit MCS to obtain modulation order. Thus, at least 3 bits in the MCS field may be reused for other usages.
RV field: In the NR Ad-hoc meeting#2, it was agreed that the number of RVs is 4 and RV#0 is self-decodable. Therefore, 2 bits are sufficient to represent RV values. Also, it was agreed that for CBG-based (re)transmission, the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block. In other words, RV for each CBG is not allowed and RV is common to a TB. In our view, all RV values should be available for retransmission while RV#0 is sufficient to an initial transmission. Thus, RV field in DCI scheduling the initial transmission can be reused for other usages. 

DCI Design for CBG-based Transmission
During discussion on DCI design for CBG-based transmission, the following three options are proposed as shown in Figure 1. Here, option #0 shows a reference having all separate fields. 

[image: ]
Figure 1. Example of option 1, option 2, and option 3

Option 1. TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted
Before describing Option 1, it is worth noting that the preconditions are 1) whole CBGTI field always included in a DCI for initial/re-transmission and 2) all CBGs are assumed to be transmitted in an initial transmission. In other words, if a partial CBGTI field or no CBGTI field is included in DCI scheduling initial transmission, then option 1 cannot be applied. Also, if it is allowed to transmit partial TB in an initial transmission, then option 1 cannot be applied.
Regarding on Option 1, there is no explicit 1-bit NDI field. Instead, NDI can be implicitly obtained from CBGTI field. For example, if CBGTI is all zero (or all one), then implicit NDI is zero (or one). If implicit NDI is zero, zero(s) in CBGTI indicates the corresponding CBG(s) are scheduled in this PDSCH. If implicit NDI is one, one(s) in CBGTI indicates the corresponding CBG(s) are scheduled in this PDSCH. If all CBGs are correctly received and NDI is zero, then CBGTI for the next new TB is indicated to all one. If all CBGs are correctly received and NDI is one, then CBGTI for the next new TB is indicated to all zero.

Option 2. There is a separate 1-bit field for TB-level NDI
As mentioned in Option 1, it is not necessary that CBGTI field is contained in a DCI for an initial transmission if the initial transmission always contains all CBGs. From this point, the CBGTI field can reuse/re-interpret some existing fields such as MCS field. For example, 3 bits of MCS field can be reusable. Let NCBGTI be the number of CBGs configured by RRC signalling. The DCI scheduling full TB transmission (including all CBGs) contains 5 bits for 5-bit MCS, and the DCI scheduling partial TB transmission (including some CBGs, not all CBGs) contains 5 bits for 2-bit MCS and 3-bit CBGTI. If CBGTI field is needed to be larger than 3 bits, e.g., NCBGTI bits, then NCBGTI-3 bits can be contained in the DCI scheduling partial TB transmission. Additionally, NCBGTI-3 bits can be also reserved in the DCI scheduling full TB transmission to keep the same DCI payload size.

Option 3. Depending on whether all CBGs of a TB are transmitted or not, TB-level NDI can be differently indicated. 
The one discussed option is that TB-level NDI can be re-interpreted by CBGFI. Similarly as in Option 1, it can also save 1 bit. If TB-level NDI can be re-interpreted by CBGFI, the remaining issue is when a UE performs buffer flushing. One option is that UE can flush the soft-buffer when NDI field is set to ‘1’ (absolute value). Another option is that UE can flush the soft-buffer when NDI field is set to ‘Not NDI value’ (toggled value). When considering DTX-to-ACK error case, we slightly prefer the last option. 

Further Consideration on DCI Design for CBG-based Transmission
Problems in Option 1 and Option 3
Main advantage of Option 1 and Option 3 is 1-bit saving as shown in Figure 1. However, there is no chance to obtain NDI value when an initial transmission including NDI value is lost. One example is a DTX-to-ACK error event. Suppose that CBGTI = [11…1] indicates that a new TB is scheduled in this transmission. If a UE fails to detect the PDCCH including CBGTI = [11…1] (i.e., DTX), a gNB would retransmit this TB with the same CBGTI = [11…1] to indicate a new TB. When DTX-to-ACK error event occurs, the gNB regards some of CBGs are ACKed and retransmits only the remaining NACKed CBGs with different CBGTI (CBGTI = [011…1] for example). In this case, the UE can be indicated that this transmission is retransmission of a previously received TB, not a new TB.
To address this error case, we propose the following additional rule for Option 1 or Option 3. 
· When partial TB is transmitted (CBGTI contains both one(s) and zero(s)), then NDI value is equal to the last bit of the MCS field
As shown in Figure 2, 1-bit NDI is jointly encoded with CBGTI (option 1) or CBGFI (option 3) if all CBGs are transmitted, or 1-bit NDI is explicitly indicated by using the existing field such as MCS field. Recall that in case of retransmission, only 2 bits are sufficient to indicate modulation order, as in LTE. Thus, 1-bit can be saved and a UE can know whether this TB is new or not even if the initial transmission is DTXed.
· Proposal 1. For Option 1 or Option 3, the following rule should be considered
· When partial TB is transmitted (CBGTI contains both one(s) and zero(s)), then NDI value is equal to the last bit of the MCS field
· Note that the first two bits of the MCS field are used to indicate modulation order (QPSK/16QAM/64QAM/256QAM)
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Figure 2. NDI indication for option 1 and option 3

Problems in Option 2
One critical problem in option 2 is that UE cannot know whether this transmission includes all CBGs or not so that the UE potentially interprets DCI incorrectly. To avoid this case, 1-bit DCI interpretation bit can be contained in DCI for CBG-based (re)transmission. To save this 1-bit, RV field or CBGFI field can be used. For example, if RV field is equal to 00, then DCI can be interpreted as [MCS (5 bits) ReservedBits (NCBGTI-3 bits)]. Otherwise, if RV field is not equal to 00, then then DCI can be interpreted as DCI interpretation [MCS (2 bits) CBGTI (NCBGTI bits)].
If CBGFI is configured, the DCI can be differently interpreted by using the combination of RV and CBGFI. For example, if CBGFI is enabled and RV is not 0 (0 indicates systematic bits), then the UE interprets DCI as 5-bit MCS and NCBGTI-3 reserved bits. Otherwise, then the UE interprets DCI as 2-bit MCS and NCBGTI-bit CBGTI. The detail UE behaviour is summarized in Table 2. 
Table 2. UE behaviour according to combination of RV and CBGFI
	RV (2bits)
	CBGFI (1bit)
	Operation

	[11], [01], [10]
	1
	For initial transmission (including all CBGs)
No buffer flushing
Redundancy version is 0 regardless of RV field
DCI interpretation: [MCS(5 bits) ReservedBits(NCBGTI-3 bits)]

	[00], [01], [10], [11]
	0
	For retransmission without pre-empted CBGs
No buffer flushing
Redundancy version is 0,1,2,3 from RV field
DCI interpretation: [MCS(2 bits) CBGTI(NCBGTI bits)]

	[00]
	1
	For retransmission with pre-empted CBGs
Buffer flushing
Redundancy version is 0 regardless of RV field
DCI interpretation: [MCS(2 bits) CBGTI(NCBGTI bits)]



· Proposal 2. For a separate bit indication for TB-level NDI, NR should consider 
· When full TB is transmitted, DCI is interpreted as 5-bit MCS and reserved NCBGTI -3 bits.
· When partial TB is transmitted, DCI is interpreted as 2-bit MCS and NCBGTI CBGTI.
· DCI can be differently interpreted according to RV field or the combination of values in RV field and CBGFI field. 

3 UCI Design for CBG-based Transmission
[bookmark: _Hlk494722804]It was agreed that NR support semi-static HARQ-ACK codebook for CBG-based transmission. In other words, a UE configured by NCBGTI maximum number of CBGs should transmit NCBGTI-bit HARQ-ACK feedback for a TB. According to CBG construction rule, the number of non-empty CBGs for a TB having C number of CBs is determined to Nnon-empty-CBG = min (NCBGTI,C) and there are Nempty-CBG = NCBGTI-min (NCBGTI,C) empty CBGs. 
One remaining issue is to determine HARQ-ACK values for the Nempty-CBG empty CBGs. There are two alternatives as follows.
1) HARQ-ACK values for the Nempty-CBG empty CBGs are set to a fixed value (ACK or NACK) regardless on HARQ-ACK values of non-empty CBGs
2) HARQ-ACK values for the Nempty-CBG empty CBGs are set to values depending on HARQ-ACK values of non-empty CBGs
The first one is the simplest way but it may waste Nempty-CBG bits. The latter one is to use Nempty-CBG bits also for non-empty CBGs. For example, Nnon-empty-CBG HARQ-ACK bits are jointly encoded or repeated to NCBGTI bits. It is expected to provide higher decoding performance, but it would require slightly high decoding complexity. 

4 Conclusion
In this contribution, we discussed the downlink control signaling for CBG-based HARQ-ACK. Our views are summarized as follows:
· Proposal 1. For Option 1 or Option 3, the following rule should be considered
· When partial TB is transmitted (CBGTI contains both one(s) and zero(s)), then NDI value is equal to the last bit of the MCS field
· Note that the first two bits of the MCS field are used to indicate modulation order (QPSK/16QAM/64QAM/256QAM)
· Proposal 2. For a separate bit indication for TB-level NDI, NR should consider 
· When full TB is transmitted, DCI is interpreted as 5-bit MCS and reserved NCBGTI -3 bits.
· When partial TB is transmitted, DCI is interpreted as 2-bit MCS and NCBGTI CBGTI.
· DCI can be differently interpreted according to RV field or the combination of values in RV field and CBGFI field. 
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