[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #89							R1-1708384
Hangzhou, P.R. China 15th – 19th May 2017

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	CBG based (re)transmission, preemption indication and subsequent trasnmission in NR
[bookmark: Source]Agenda Item:	7.1.3.3.5
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
Currently, following agreements on CBG-based (re)-transmission and pre-emption indication are achieved [1] – [2].  
	Agreements:
· Confirm the working assumption as below.
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
· CBG granularity is configurable

Agreements:
· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.
· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.

Agreements:
· For grouping CB(s) into CBG(s), the following options can be considered.
· Option 1: With configured number of CBGs, the number of CBs in a CBG changes according to TBS.
· FFS for the case of re-transmission or the case when the number of CBs is smaller than the configured number of CBGs
· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.
· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.
· FFS: for the case of re-transmission
· FFS on details of each option
· FFS: CBG is approximately aligned with symbol(s)
· Other options are not precluded

Agreements:
· Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding
· FFS details
Agreements:
· Indication can be dynamically signaled to a UE, whose assigned downlink resources have  partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding  of the TB(s) transmitted within the above mentioned assigned resource
· The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB
Agreements:
1. No new physical channel specific for indication of DL resources being preempted by another DL transmission is introduced 
0. FFS whether the indication is based on NR-PDCCH or a group common PDCCH
0. FFS location of the indication
0. FFS timing of the indication



In this contribution, we present our views on “CBG-based (re)transmission”, “pre-emption indication” and “subsequent re-transmission” the three mechanisms. CBG construction are discussed in our companion contribution [3] are discussed. 
2. CBG based (re)transmission
Different form LTE, in which case only TB-based (re)transmission is allowed, one attractive point of NR system is it supports CBG-based (re)transmission. It improves the resource usage efficiency by only re-transmitting a subset of TB, i.e., failed CBG(s), instead of retransmitting the whole TB. The decoding failure for some CBG(s) within the TB can be caused either by (1) uncorrelated errors within a TB e.g., high-speed UE movement, or by (2) part of a TB being pre-empted by another transmission, e.g. delay-sensitive traffic. As can be seen, the usage of CBG-based (re)-transmission does not exclusively target for the puncturing case. Therefore, CBG based (re)transmission can work either alone to re-transmit the failed CBG(s) caused by errors or jointly with the pre-emption indication mechanism to handle the failed CBG(s) due to the puncturing. A unified solution is preferred for CBG-based (re)-transmission to cover both cases.   
Proposal 1:
· Following use cases can benefit from the CBG-based (re)transmission:
· Uncorrelated errors within a transport block (e.g., high-speed)
· Part of a TB being punctured by another transmission
· A unified solution is preferred for CBG-based (re)transmission to cover either of or both of the above cases.
To support CBG-based (re)transmission, following details need to be considered.
(1). CBG construction
(2). Downlink control information to indicate which CBG is (re)transmitted
(3). Uplink control information to enable CBG-based HARQ-ACK feedback.
In [3], we present our views on CBG construction details. In the following, the required downlink and uplink control information to realize the CBG-based (re)-transmission will be discussed.
2.1. Downlink control information
For CBG-based (re)transmission, it is important to ensure common understanding on which CBG(s) is/are scheduled in the current transmission/reception. For CBG-based (re)transmission, HARQ-ACK feedback granularity should be CBG-level so that re-transmission can be carried out with finer granularity. The error probability of HARQ-ACK feedback cannot be zero. Once gNB erroneously receive HARQ-ACK, it re-transmits a CBG which is not expected to be re-transmitted, or it does not re-transmit a CBG which is expected to be re-transmitted, from the UE point of view. Therefore, explicit or implicit indication is necessary to inform which CBG(s) is/are scheduled.
For the initial transmission, TB size can be determined by the scheduling information such as MCS index, number of PRBs, number of OFDM symbols, number of layers, etc. Number of CB(s) and grouping them into CBG(s) should be done with certain rules, so that there is no misunderstanding between UE and gNB on the CBG(s) for initial transmission. On the other hand, for re-transmission, at least which CBG(s) is/are scheduled need to be informed. Therefore, necessary information for scheduling initial transmission and re-transmission would be different. It is natural to consider that necessary control information for CBG-based re-transmission is larger than that for initial transmission.
Taking the above discussion into account, following two options can be considered.
Option 1: Common DCI for initial transmission and re-transmission
UE can monitor single DCI format which may schedule initial transmission or CBG-based re-transmission for the previously scheduled data. Whether the DCI schedules initial transmission or CBG-based re-transmission is identified by a specific field or an existing field, e.g., NDI. The DCI includes a field indicating which CBG(s) is/are scheduled for re-transmission. While the field is redundant for initial transmission.
Option 2: Different DCIs for initial transmission and re-transmission
DCI contents and payloads are optimized for initial transmission and re-transmission. UE monitors both DCIs which may have different payloads or which is mapped on different search spaces or on different CORESETs. Whether the DCI schedules initial transmission or CBG-based re-transmission is identified by which DCI the UE detects. 
It is necessary for UE to differentiate between CBG-based (re)transmission and TB-based (re)transmission since the payload size for HARQ-ACK feedback would be different. By using option 1, redundant fields such as flag field to distinguish TB-based or CBG-based retransmission and CBG index field is required in the DCI, which largely increases the DL overhead. Option 2 optimizes the DCI design although total blind decoding number need to be split to monitor different DCIs. Between these two, our preference is option 2.
Proposal 2:
· UE monitors DCIs for TB-based (re)transmission and for CBG-based (re)transmission.
· DCI for TB-based (re)transmission schedules initial transmission or re-transmission of a TB.
· NDI in the DCI informs whether this is initial transmission or re-transmission.
· DCI for CBG-based re-transmission schedules re-transmission of one or more of CBG(s).
· FFS: how to inform which CBG(s) is/are scheduled.
As mentioned, there are motivations to enable the CBG-based re-transmission. One is to correct usual error with less redundancy, and the other is to correct punctured CBG by the other transmission. For the former case, at the re-transmission timing, gNB already knows the error was not because of a puncturing; therefore, it is desirable to apply different RV for re-transmission, and let UE to combine the received soft bits and stored soft bits in the soft buffer before decoding, so that the coding gain can be improved. For the latter case, at the re-transmission timing, gNB already knows the error was because of a puncturing; therefore, it is desirable to apply the same RV for re-transmission, and let UE to discard the stored soft bits in the soft buffer for decoding. These two different UE behaviors can be informed by the DCI scheduling CBG-based (re)transmission with one of the following options:
Option 1: Introduce one bit field in the DCI to indicate the reason.
By using one bit, for example, ‘0’ indicates the failure is caused by ‘puncturing’ and ‘1’ indicates the failure is due to ‘usual error’, correct UE behavior can be carried out to improve the decoding performance. One bit field per CBG allows to inform the UE behavior per CBG basis; therefore, “punctured” CBG and “not punctured but errored” CBG can be re-scheduled together. In this case, independent RV field per CBG is preferable. However, the probability of CBGs within one TB are failed by different reasons is low, and the gain by the flexibility would be marginal, one bit filed per DCI for all the re-transmitted CBGs, implying that only the failed CBGs caused by the same reason can be re-scheduled together, is preferable. RV field should be also common for all re-transmitted CBGs. 
Option 2: Re-use RV field. 
Option 2 is to compare the value of RV field in the DCI for the current transmission with that in the DCI for the previous transmission. If the value of RV is the same as that for the previous transmission, implying the failed CBG(s) is due to puncturing, then the UE shall flush the buffer; otherwise, UE understands the failed CBG(s) is caused by error, UE shall combine the received soft bits and stored soft bits in the soft buffer before decoding. Same as option 1, to reduce the overhead, one RV field across CBGs could be sufficient.
Proposal 3:
· Two UE behaviors are defined for receiving CBG-based re-transmission.
· As in LTE, combine the stored soft bits and the received soft bits before decoding.
· Flush the stored soft bits and the received soft bits only are used for decoding.
· In order to tell the UE about the decoding behavior, following two options should be investigated.
· Opt. 1: Introduce one bit field in the scheduling DCI.
· Opt.2: Re-use RV field.
· Different UE behavior depending on whether the RV value is same or different from the previous value. 

2.2. Uplink control information
The main benefit for CBG-based (re)transmission is to improve the resource usage efficiency by only rescheduling a subset of the TB, i.e., failed CBGs, instead of resending the whole TB. To support this, multi-bit HARQ-ACK feedback is needed for uplink to indicate which CBGs within a TB have not been received correctly. For data to be scheduled, as long as the scheduling DCI tells the UE about re-transmitted CBG(s) information, common understanding of which CBG(s) is/are re-transmitted is ensured, while the number of re-scheduled CBGs will decrease with the number of re-transmission. However, 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. Generally, following three options can be considered.
Option 1: Fixed codebook size which is based on the initial transmission or maximum number of CBGs configured by higher layer if supported. 
With the option 1, 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, e.g. when the number of CBs constructing a TB is less than the configured number of CBGs, the UE set the bit state fixed as “ACK” or “NACK”; for CBG(s) not actually received for the current 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 1 gives an example. Option 1 is the robust and ensure no miss understanding occurs between UE and gNB. However, HARQ-ACK codebook adaptation is not possible; HARQ-ACK codebook determined at the initial transmission is kept unchanged until all the CBGs are ACKed.
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Figure 1: Option 1 of fixed HARQ-ACK codebook size for CBG-based (re)transmission
Option 2: Dynamic codebook size which is based on the actual transmitted CBG(s).
As shown in Figure 2, UE transmits HARQ-ACK bit(s) for the CBG(s) per TB which is/are actually transmitted for each transmission. 
With the option 2, the HARQ-ACK codebook can be adjusted based on the amount of re-transmitted CBG(s) which reduces the UL overhead. However, N-to-A error of HARQ-ACK feedback at the gNB side cannot be saved until RLC re-transmission is conducted. 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 2: Option 2 of dynamic HARQ-ACK codebook size for CBG-based (re)transmission
Option 3: Dynamic codebook size which is based on TB-level HARQ-ACK bit plus the actual transmitted CBG(s)-level HARQ-ACK bit(s).
Option 3 can be viewed as a compromised solution between option 1 and option 2. In addition to the CBG-level HARQ-ACK feedback based on the actual transmitted CBG(s) i.e., option 2, TB-level HARQ-ACK bit can be transmitted. Therefore, by increasing 1 (or 2-bit) TB-level HARQ-ACK bit, the drawbacks of option 2 can be avoided. Option 3 is also 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.
Proposal 4:
· When the UE is configured with CBG-based re-transmission, the UE generates HARQ-ACK per CBG for the following cases:
· Initial transmission of a TB is scheduled.
· Re-transmission of a CBG(s) is/are scheduled.
Proposal 5:
· To support CBG-based HARQ-ACK feedback, following three options can be considered to determine the HARQ-ACK codebook size.
· Option 1: Fixed codebook size which is based on the initial transmission. 
· Option 2: Dynamic codebook size which is based on the actual transmitted CBG(s)
· Option 3: Dynamic codebook size which is based on TB-level HARQ-ACK bit plus the actual transmitted CBG(s)-level HARQ-ACK bit(s).
3. Preemption indication
Preemption indication is used to inform the UE which parts of its TB are pre-empted by another transmission. Preemption indication can work alone without subsequent transmission, i.e., if the coding rate of the CB which is punctured by another transmission is sufficiently low, and if the puncturing is informed to the UE by the indication, the UE can decode the CB successfully without re-transmission. However, in order to obtain the performance gain, two requirements are necessary. One is the punctured time and frequency resources i.e., symbol-level, PRB- or sub-carrier level granularity need to be indicated to the UE which results in large DL signalling overhead; the other is gNB scheduler should take into account the possible puncturing when making the scheduling decision such that the coding rate of the potentially punctured transmission should be low enough to decode successfully. Both requirements generally degrade the spectral efficiency of the carrier and hence are too challenging to make preemption indication work solely with high efficiency. On the other hand, since gNB knows which parts of the ongoing transmission is punctured, it is more reasonable to enable preemption indication work together with the subsequent transmission. 
[bookmark: _GoBack]With the subsequent transmission, which can be realized by TB-based or CBG-based retransmission, the scheduler does not need to care about the possible puncturing. In addition, the puncturing is expected not much frequent and to achieve a unified solution, CBG-level granularity of preemption indication is preferred and it can work efficiently.
Regarding the timing/location of the preemption indication, it is not necessary to be transmitted at the same timing when the pre-emption happens, rather it is beneficial to be transmitted in the DCI scheduling the subsequent transmission. This does not increase UE BD efforts and DL control overhead, while enables unified solution. In other word, the preemption indication should be included in the DCI scheduling TB-level or CBG-level transmission.
Proposal 6:
· The preemption indication is TB-level or CBG-level and is included in the DCI scheduling the subsequent transmission.
· Opt. 1: Introduce one bit field in the scheduling DCI.
· Opt.2: Re-use RV field.
4. Subsequent transmission
Subsequent transmission is used to re-transmit the previous data in case the gNB knows it will definitely be error. Therefore, it is beneficial to enable subsequent transmission together with the pre-emption indication. Subsequent transmission can be realized by TB-based or CBG-based retransmission, hence it is not necessary to always tie the subsequent transmission with CBG-based retransmission. It is noted that current specification already supports the subsequent transmission since both DL and UL support asynchronous HARQ operations. Then the remaining issue for subsequent transmission is UE behavior on whether to transmit or to suspend the HARQ-ACK for the previous transmission which depends on the time gap between the HARQ-ACK feedback timing for previous transmission and the timing for subsequent transmission, UE processing capability to successfully decode the DCI scheduling the re-transmission.
As agreed that the timing for HARQ-ACK feedback can be dynamically indicated in the scheduling DCI, it is easy to update/overwrite the HARQ-ACK timing as long as above time gap and UE processing capability is allowable. Alternatively, regardless of processing UE capability, always enable HARQ-ACK feedback for every transmission i.e., previous and subsequent transmission can also be considered. 
Proposal 7:
· Subsequent transmission can be realized by TB-based or CBG-based retransmission. 
· UE behavior on HARQ-ACK feedback for the previous transmission and subsequent transmission need to be defined.
·  If the time allowed for UE to adjust the HARQ-ACK feedback timing based on DCI scheduling the subsequent transmission is not enough, UE shall transmit HARQ-ACK for both previous transmission and subsequent transmission on the timings/resources indicated by respective DCIs.
· Else, it is possible for UE to suspend the HARQ-ACK for previous transmission and transmit the HARQ-ACK after decoding the subsequent transmission based on the DCI indication.

5. Conclusion
In this contribution, the three mechanisms that CBG-based (re)-transmission, pre-emption indication and subsequent transmission are discussed and following proposals were made.
Proposal 1:
· Following use cases can benefit from the CBG-based (re)transmission:
· Uncorrelated errors within a transport block (e.g., high-speed)
· Part of a TB being punctured by another transmission
· A unified solution is preferred for CBG-based (re)transmission to cover either of or both of the above cases.
Proposal 2:
· UE monitors DCIs for TB-based (re)transmission and for CBG-based (re)transmission.
· DCI for TB-based (re)transmission schedules initial transmission or re-transmission of a TB.
· NDI in the DCI informs whether this is initial transmission or re-transmission.
· DCI for CBG-based re-transmission schedules re-transmission of one or more of CBG(s).
· FFS: how to inform which CBG(s) is/are scheduled.
Proposal 3:
· Two UE behaviors are defined for receiving CBG-based re-transmission.
· As in LTE, combine the stored soft bits and the received soft bits before decoding.
· Flush the stored soft bits and the received soft bits only are used for decoding.
· In order to tell the UE about the decoding behavior, following two options should be investigated.
· Opt. 1: Introduce one bit field in the scheduling DCI.
· Opt.2: Re-use RV field.
· Different UE behavior depending on whether the RV value is same or different from the previous value. 
Proposal 4:
· When the UE is configured with CBG-based re-transmission, the UE generates HARQ-ACK per CBG for the following cases:
· Initial transmission of a TB is scheduled.
· Re-transmission of a CBG(s) is/are scheduled.
Proposal 5:
· To support CBG-based HARQ-ACK feedback, following three options can be considered to determine the HARQ-ACK codebook size.
· Option 1: Fixed codebook size which is based on the initial transmission. 
· Option 2: Dynamic codebook size which is based on the actual transmitted CBG(s)
· Option 3: Dynamic codebook size which is based on TB-level HARQ-ACK bit plus the actual transmitted CBG(s)-level HARQ-ACK bit(s).
Proposal 6:
· The preemption indication is CBG-level and is included in the DCI scheduling the subsequent transmission.
· Opt. 1: Introduce one bit field in the scheduling DCI.
· Opt.2: Re-use RV field.
Proposal 7:
· Subsequent transmission can be realized by TB-based or CBG-based retransmission. 
· UE behavior on HARQ-ACK feedback for the previous transmission and subsequent transmission need to be defined.
·  If the time allowed for UE to adjust the HARQ-ACK feedback timing based on DCI scheduling the subsequent transmission is not enough, UE shall transmit HARQ-ACK for both previous transmission and subsequent transmission on the timings/resources indicated by respective DCIs.
· Else, it is possible for UE to suspend the HARQ-ACK for previous transmission and transmit the HARQ-ACK after decoding the subsequent transmission based on the DCI indication.

References
[1] 3GPP Chairman’s note, RAN1#88bis.
[2] 3GPP Chairman’s note, RAN1#88.
[3] R1-17xxxxx, ‘CBG construction,’ NTT DOCOMO, INC.
- 8/8 -
image1.png
Example: One TB consists of 3 CBs and higher layer configures 4 CBGs

« TB
Initial transmission cB
CBG construction CBG CBG CBG
HARQ-ACK feedback ACK NACK NACK ACK or NACK (Predefined)
First Re-transmission cB
HARQ-ACK feedback (:1¢} CBG CBG

ACK NACK ACK  ACK or NACK (Predefined)
(same decoding results for

the initial transmission)





image2.png
Example: One TB consists of 3 CBs and higher layer configures 4 CBGs

« T8
Initial transmission cB
CBG construction CBG CBG CBG
HARQ-ACK feedback ACK NACK ack (IN-to-Aerror

happens)

First Re-transmission -

HARQ-ACK feedback ACK





