[bookmark: OLE_LINK3][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #90                                       	                                  R1-1713955
[bookmark: _Hlk490287710]Prague, Czechia, 21th – 25th August, 2017

Source:	NTT DOCOMO, INC.
Title:	UL control signalling for CBG-based (re)transmission
Agenda Item:	6.1.3.3.4.3
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the RAN1 #89 and NR Ad-Hoc#2 meeting, following agreements and working assumption on CBG-based (re)-transmission were achieved [1] – [2].  
	Agreements:
· For downlink data transmission with CBG based (re)transmission,
· The number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission
· FFS whether or not the UE transmits HARQ ACK bits for CBGs not indicated or implied for transmission
· FFS “indicated or implied” is realized by RRC, MAC, L1 signalling, or implicitly derived
· FFS HARQ ACK feedback on one channel for the case of multiple TBs
· FFS for fallback 
Agreements:
· For DL CBG-based (re)transmission,
· Following information can be 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.
· FFS: timing of CBG-based (re)transmission.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication.
Working assumption:
· For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).

Agreements:
· For CBG-based (re)transmission, the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block.



In addition, followings were approved by an Email discussion [NRAH2-08] for down-selection of CBG-based (re)transmission [3].
	· For the indicated number of CBGs per TB where “indicated” is realized by RRC, MAC, L1 signalling, the following options are considered for down-selection in RAN1#90. 
· Option 1. RRC signaling (for bit-field size)
· Option 2. L1 signaling (for indication the number of CBGs per TB) + RRC signaling (for bit-field size) 
· Option 3. both Option 1 and Option 2 
· To determine the number of CBG HARQ-ACK bits per TB, the following options are considered for down-selection in RAN1#90.
· Option 1. A UE transmits HARQ-ACK bits only for scheduled CBGs.
· “scheduled CBGs” means the CBGs scheduled in a (re)transmission
· Option 2. A UE transmits HARQ-ACK bits for indicated CBGs.
· FFS: “indicated” is realized by RRC, MAC, L1 signalling
· Option 3. both Option 1 and Option 2 by configuration
· Note: Option1 and Option2 are the basis for the scheme to determine the number of feedback bits. Overhead reduction schemes can be considered. The number of actually used feedback bits can be different from the number of scheduled CBGs (Option1) or indicated CBGs (Option2). 
· For DL CBG-based (re)transmission, when information on which CBG(s) is/are (re)transmitted is configured to be included in the DCI, the following options are considered for down-selection in RAN#90.
· Option 1. TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted 
· Option 2. There is separate 1-bit bit-field for TB-level NDI.
· Option 3. TB-level NDI can be differently interpreted according to whether all CBGs of a TB is transmitted.
· 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
· For HARQ-ACK codebook for CBG-based retransmission, the following options are considered for down-selection in RAN1#90.
· Option 1. Dynamic codebook determination for multiple PDSCHs
· Option 2. Semi-static codebook determination for multiple PDSCHs 
· Option 3. both Option 1 and Option 2 by configuration




In this contribution, we present our views on uplink control signalling to enable CBG-based HARQ-ACK feedback. CBG construction and downlink control signalling for CBG-based (re)transmission are discussed in our companion contribution [4] - [5], HARQ-ACK multiplexing on one channel for the case of multiple TBs is discussed in our contribution [6]. 
2. CBG-based HARQ-ACK feedback
[bookmark: _Hlk490287768]CBG-based (re)transmission can improve the resource usage efficiency by only re-transmitting a subset of TB, i.e., failed CBG(s), instead of retransmitting the whole TB. To support this, multi-bit HARQ-ACK feedback for one TB is needed for uplink to indicate which CBGs within a TB have not been received correctly. It is expected that the number of re-scheduled CBGs will decrease with the number of re-transmission.  For the re-transmission of CBGs, the scheduling DCI should tell the UE about re-transmitted CBG(s) information. This information ensures the common understanding of which CBG(s) is/are re-transmitted. For HARQ-ACK feedback for DL scheduled CBG(s), it is necessary to design the robust CBG-based HARQ-ACK codebook size determination in order to avoid the misunderstanding between UE and gNB. In the following, we will discuss about the determination of the number of CBG HARQ-ACK bits per TB and options to support TB-level HARQ-A/N when CBG-based retransmission is configured jointly.
Based on the email discussion, there are three alternatives to determine the number of CBG HARQ-ACK bits per TB.
· [bookmark: _Hlk490287863]Alt 1. A UE transmits HARQ-ACK bits only for the scheduled CBGs. 
· Alt 2. A UE transmits HARQ-ACK bits for the “indicated” CBGs.
· Alt 3. both Option 1 and Option 2 by configuration
Alt 1 can realize dynamic HARQ-ACK codebook size (CBS) which is based on the actual transmitted CBG(s). As shown in Figure 1, UE transmits HARQ-ACK bit(s) for the CBG(s) per TB which is/are actually transmitted for each transmission so that the UL overhead can be reduced. When A-to-N error of HARQ-ACK feedback occurs at the gNB side, the gNB re-transmits the corresponding CBG, which is informed by the scheduling DCI; therefore, A-to-N error can be saved by re-transmission. However, N-to-A error of HARQ-ACK feedback at the gNB side cannot be recovered until RLC re-transmission is conducted since N-to-A errored CBG will never be re-transmitted by the gNB in its HARQ, and UE will never transmit the NACK for the CBG. Although this is the same as for TB-based re-transmission, longer delay is expected for CBG-based re-transmission considering the case that there is one N-to-A error, while HARQ re-transmission continues for other “NACKed” CBGs. In the end, the unresolvable error (N-to-A error) cannot be corrected until RLC re-transmission.
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Figure 1: Alt 1 of dynamic HARQ-ACK codebook size for CBG-based (re)transmission
One way to resolve the problem of N-to-A error of Alt. 1 is to support TB-level HARQ-ACK in addition to CBG-level HARQ-ACK as discussed in the email discussion [3]. There are three options:
· 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
For dynamic HARQ-ACK CBS, clearly, Option 2 cannot be used; Option 1 and Option 3 can be considered. Compared to Option 1, Option 3 requires two PUCCH resources allocated to one UE which results in PUCCH resource usage inefficiency.  In addition, blind decoding is required at gNB side. Therefore, Option 1 is preferred. Additional benefit of Option 1 is it is easy to enable CBG-level retransmission fallback to TB-level re-transmission, for example, if HARQ-ACK feedback for all CBGs are ACK, but the HARQ-ACK for TB is NACK, then there must be miss understanding between gNB and UE, hence the whole TB should be re-transmitted without waiting for RLC re-transmission.

For Alt.2, the number of CBG HARQ-ACK bits per TB is determined by the “indicated” CBGs, implying the CBG-level HARQ-ACK CBS is fixed. UE always transmits HARQ-ACK bit(s) for all CBG(s) per TB which is/are transmitted or configured in the initial transmission. For the CBG(s) not actually received for initial transmission, for example, when the number of CBs constructing a TB is less than the configured number of CBGs, the UE still forms the HARQ-ACK codebook for the TB with the size determined based on the initial transmission. Then, HARQ-ACK bit(s) associated with CBG(s) not containing any CB can be fixed as “ACK” or “NACK”; for CBG(s) not actually received for the current re-transmission but already received for the previous (re-)transmission, the UE set the bit state as “ACK” or “NACK” based on the decoding results of the CBG(s) at the previous decoding results. Figure 2 gives an example. This alternative is robust and ensures no miss understanding occur between UE and gNB. However, HARQ-ACK codebook adaptation is not possible; HARQ-ACK codebook determined for a given TB at the initial transmission is kept unchanged until all the CBGs are ACKed. It is note that HARQ-ACK codebook adaptation for HARQ-ACK multiplexing over multiple TBs on multiple carriers/TTIs would be a separate discussion.
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Figure 2: Alt 2 of fixed HARQ-ACK codebook size for CBG-based (re)transmission
In addition, the N-to-A error of Alt. 1 can be corrected easily by Alt. 2 since UE always needs to feedback HARQ-ACK for all the CBG(s) per TB. However, there is a discussion for the case that the CB-level CRC are all passed, while the TB-level CRC is failed [3]. If such case cannot be negligible, in order to re-transmit the whole TB, it is straightforward to use Option 2 that use all NACK of CBG-level HARQ-ACK bits to support TB-level “NACK”.
Alt 3 is to support both dynamic and semi-static CBG-level HARQ-ACK codebook size. In LTE Rel.13 eCA, the TB-level HARQ-ACK supports both dynamic and semi-static CBS. For dynamic HARQ-ACK CBS, the dynamic level for FDD only takes frequency domain into account; for TDD, the dynamic levels considers both time domain and frequency domain. Counter DAI and total DAI is required in the DL assignment to ensure the common understanding between eNB and UE in LTE. For NR, it is desirable to also support both CBG-level semi-static and dynamic HARQ-ACK CBS if the complexity and efforts for handling additional dynamic level from code-block domain on top of the time and frequency domain are acceptable. 
Proposal 1:
· To determine the number of CBG HARQ-ACK bits per TB, at least Option 2 that A UE transmits HARQ-ACK bits for indicated CBGs should be supported.
· It is desirable Option 1 that A UE transmits HARQ-ACK bits only for scheduled CBGs can be supported with acceptable complexity and specification efforts. 
Proposal 2:
· To support the TB-level HARQ-ACK when CBG-based (re)transmission is configured, depending on CBG HARQ-ACK codebook size determination is dynamic or semi-static, different options are desired:
· If A UE transmits HARQ-ACK bits for indicated CBGs, Option 2 that Use all NACK of CBG-level HARQ-ACK bits should be used;
· If A UE transmits HARQ-ACK bits only for scheduled CBGs, Option 1 that Add 1 bit upon CBG-level HARQ-ACK bits should be used.

3. Fallback to TB-based transmission and HARQ-ACK feedback
For CBG-based (re)transmission, it is still beneficial to support fallback to TB-based transmission in some cases like lack of UL coverage, small TBS scheduling, too many HARQ-ACK bits over multiple carriers/slots and CBGs, etc. Accordingly, TB-based HARQ-ACK should be enabled even if the UE is configured with CBG-based (re-)transmission. Following can be considered to support the fallback to TB-based transmission.
· Using DCI to explicitly or implicitly inform TB-level transmission.
· Different DCI formats for scheduling TB-based or CBG-based (re)transmission.
· DCI transmitted by common search space is used for scheduling TB-based (re)transmission.
· When all CBG are feedback as “ACK” while TB-level feedback is “NACK” as discussed for above option 3.
· When the number of CBs constructing a TB is less than the configured number of CBGs.
As discussed already, it is worthwhile to consider that for HARQ-ACK multiplexing for multiple TBs/CBGs over multiple carriers/times, miss detection of a DCI for scheduling TB/CBG(s) will cause unknown HARQ-ACK codebook size, detailed discussion can be found in [6].

Proposal 3:
· It is beneficial to support fallback to TB-based transmission, accordingly TB-based HARQ-ACK should be transmitted.

4. Conclusion
In this contribution, CBG-based HARQ-ACK feedback and the fallback to TB-based HARQ-ACK are discussed and following proposals are made.
Proposal 1:
· To determine the number of CBG HARQ-ACK bits per TB, at least Option 2 that A UE transmits HARQ-ACK bits for indicated CBGs should be supported.
· It is desirable Option 1 that A UE transmits HARQ-ACK bits only for scheduled CBGs can be supported with acceptable complexity and specification efforts. 
Proposal 2:
· To support the TB-level HARQ-ACK when CBG-based (re)transmission is configured, depending on CBG HARQ-ACK codebook size determination is dynamic or semi-static, different options are desired:
· If A UE transmits HARQ-ACK bits for indicated CBGs, Option 2 that Use all NACK of CBG-level HARQ-ACK bits should be used;
· If A UE transmits HARQ-ACK bits only for scheduled CBGs, Option 1 that Add 1 bit upon CBG-level HARQ-ACK bits should be used.
Proposal 3:
· It is beneficial to support fallback to TB-based transmission, accordingly TB-based HARQ-ACK should be transmitted.
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