3GPP TSG RAN WG1 Meeting NR#3                        R1-1715887
Nagoya, Japan, 18th – 21st, September 2017
Agenda Item:
6.3.3.3
Source: 
LG Electronics

Title: 
Considerations on CBG based retransmission for NR
Document for:
Discussion and decision
1. Introduction

In RAN1#90 meeting, following agreements were made on CBG based retransmission for NR in terms of CBG construction and DCI/UCI signalling [1]. 
	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 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:
· At least for single CW case

· The maximum number N of CBG(s) per TB is configured by RRC signaling

· The number M of CBG(s) in the TB equals to min(C, N), where C is the number of CB(s) within the TB.

· For CBG construction

· The first Mod(C,M) CBG(s) out of total M CBG(s) include ceil(C/M) CB(s) per CBG 

· The remaining M-Mod(C,M) CBG(s) include floor(C/M) CB(s) per CBG. 

Agreements:

· Confirm the working assumption that, for initial transmission and retransmission, each CBG of a TB has the same set of CB(s).

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

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
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


In this contribution, we discuss and provide our views on CBG based HARQ retransmission for NR, in terms of in terms of CBG mapping, DCI composition, and HARQ-ACK feedback. 

2. Discussion

· CBG composition and mapping
Considering time-selective interference including URLLC puncturing in symbol (group) level, aligning CBG with symbol or symbol group may be beneficial. However, it would be difficult (or not desirable in the aspect of channel coding gain) to strictly align CBG with symbol (group) for all the TBS. For this reason, a certain CB may span over two symbols (groups), and in this case, it may be necessary to discuss on whether the CB is included in both of two CBGs or in only one of two CBGs. In the former case, it may be necessary to consider on how to perform HARQ-ACK feedback and data retransmission. 

Regarding the CBG mapping to data channel, it would be reasonable to apply frequency-first mapping with consideration of time-selective interference including URLLC puncturing as in the above. Moreover, considering the interleaving before the mapping to physical resource, interleaving across CBGs should not be allowed to avoid the error propagation across CBGs. Besides, considering the above CBG alignment with symbol (group), interleaving across CBs within a same CBG could be beneficial to reduce the number of CBG errors due to the CB spanning over two symbols (groups). 
Regarding CBG level retransmission for UL data, it is required to consider proper data mapping rule in case with frequency hopping. More specifically, considering both frequency diversity gain and potential time-selective interference, it would be reasonable to map UL data across frequency hop (on top of frequency-first mapping). For example, considering two frequency hops (having multiple symbols) on different PRBs, data mapping can be done by the order (1st symbol in 1st hop, 1st symbol in 2nd hop, 2nd symbol in 1st hop, 2nd symbol in 2nd hop, …).

Proposal 1: The following aspects should be considered for CBG composition and mapping. 
· Symbol (group) level alignment of CBGs

· CBG to RE mapping on PUSCH with frequency hopping
· DCI composition for CBG retransmission scheduling
Regarding the composition of DCI for scheduling of CBG based retransmission, following two CBG (retransmission) modes were agreed to support in NR: 1) Mode 1: DCI includes both CBGTI and CBGFI, and 2) Mode 2: DCI includes CBGTI only. In this section, first of all, the detailed DCI composition for each CBG mode is provided based on the agreements. 
On the CBG mode 1, firstly, 1-bit flag (denoted as “TB/CBG-flag”) is included in the DCI for indication of whether whole TB is (re)transmitted or partial TB (in CBG level) is retransmitted via the scheduled PDSCH. In case when the TB/CBG-flag in the DCI indicates whole TB transmission, function or interpretation of NDI, MCS/TBS, and other DCI fields (e.g. RV, HARQ process ID, resource allocation) is the same with the case not configured with CBG based retransmission (i.e., TB level scheduling), and neither CBGTI nor CBGFI is included in the DCI in this case. On the other hand, in case when TB/CBG-flag indicates partial TB (i.e., CBG level) retransmission, following approach is used for reduction of unnecessary DCI overhead.
1) 1-bit NDI field is used (reinterpreted) as 1-bit CBGFI

2) L-bit MCS/TBS field is split with two parts: Part 1 (M-bit) is used to indicate the modulation order while Part 2 (K-bit) is used (reinterpreted) as CBGTI where L = M + K

A. TBS indication is not necessary in this case since TBS can be provided to the UE in advance by the DCI with TB/CBG-flag indicating whole TB transmission
On the CBG mode 2, similarly with the above mode 1, TB/CBG-flag is also included in the DCI and function/interpretation of DCI fields including NDI and MCS/TBS is the same with the TB level scheduling case in case when TB/CBG-flag indicates whole TB (and, neither CBGTI nor CBGFI is included in the DCI). On the other hand, in case when TB/CBG-flag indicates partial TB (CBG level retransmission), same approach can be used for DCI overhead reduction except that 1-bit NDI field is used (reinterpreted) as CBGTI in this case. 
Proposal 2: For CBG mode 1 (where DCI includes both CBGTI and CBGFI) and CBG mode 2 (where DCI includes CBGTI only), the following DCI composition should be applied.
· 1-bit TB/CBG-flag is included in the DCI to indicate whether whole TB or partial TB is retransmitted via the scheduled PDSCH
· NDI field is used/reinterpreted as CBGFI (in mode 1) or CBGTI (in mode 2) in case when TB/CBG-flag indicates partial TB retransmission
· MCS/TBS field is split with two parts: the first part is used to indicate the modulation order and the remaining part is used as CBGTI, in case when TB/CBG-flag indicates partial TB retransmission
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Figure 1
Furthermore, for configuring the number of CBGs in multiple CW case, it was agreed to consider following three options. 
1) Option 1: same maximum number of CBGs per TB

2) Option 2: same or different maximum number of CBGs per TB

3) Option 3: the maximum number of CBGs to be shared by both two TBs

Among the above options, for the simplification in terms of DCI and HARQ-ACK payload composition (with consideration of spatial domain HARQ-ACK bundling per CBG) and to avoid allocation of small CBG number for new TB with large TBS (in case when only one of two TBs is successfully decoded in the initial transmission), Option 1 is preferred. 
Proposal 3: In multiple CW case, same maximum number of CBGs per TB is configured for multiple TBs.
· HARQ-ACK feedback for CBG based retransmission
Regarding the HARQ-ACK feedback in case configured with CBG based retransmission, following two options can be considered according to the CBG set used for composition of HARQ-ACK payload, where Option 1 below was already agreed in the previous RAN1#90. 
● Option 1: HARQ-ACK payload is composed based on the CBG set used in the scheduling

With this option, HARQ-ACK payload in UE side is composed based on the CBG set used in DL data scheduling (gNB) side, and it means that the CBG set is aligned between DL data scheduling (in gNB) and HARQ-ACK payload composition (in UE). In this case, HARQ-ACK payload and its size can be fixed during HARQ process by including HARQ-ACK even for the non-scheduled CBGs where the corresponding HARQ-ACK is mapped to DTX/NACK (if the CBG was not scheduled yet or the recent decoding result was NACK) or ACK (if the recent decoding result was ACK). Moreover, in the situation that all the CB level CRCs are passed but TB level CRC is failed (i.e. TB CRC fail case), all of the HARQ-ACK corresponding to each CBG are to be mapped as NACK/DTX. 

● Option 2: HARQ-ACK payload is composed only for the scheduled CBGs

With this option, HARQ-ACK payload is composed only for the scheduled CBGs which can be subset of entire CBG set used in DL data scheduling. In this case, the number of HARQ-ACK bits can be smaller than the configured number of CBGs according to the number of scheduled CBGs, and thus, UCI overhead can be reduced with this approach. In this case, considering potential NACK-to-ACK error and TB CRC fail case as in the above, 1-bit indicator could be added in the HARQ-ACK payload for the purpose of TB level NACK feedback signaling or TB level retransmission request. 

Besides, regarding the case when the number of CBs for a given TB is smaller than the configured maximum number of CBGs, either TB level HARQ-ACK and retransmission or CB level HARQ-ACK and retransmission (by considering each CB as a CBG) can be considered. For the latter case, actual HARQ-ACK payload size can be equal to either the number of CBs or the configured number of CBGs where DTX/NACK is mapped to the empty CBG index. 

Proposal 4: In case when the agreed HARQ-ACK codebook with HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) is used, the followings are supported.

· NACK is reported for all the CBGs if TB CRC check is not passed while CB CRC check is passed for all the CBs. 

· NACK is mapped for the empty CBG index if the number of CBs for a TB is smaller than the configured maximum number of CBGs. 
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Figure 2
Moreover, considering the reduced UCI overhead for the CBG level HARQ-ACK feedback, following methods can be considered. 

● Method 1: Minimum range of CBG index containing NACK

With this method, the minimum range (e.g. starting and ending) of the CBG index containing all of NACK CBGs is reported by UE. Considering the error on continuous CBGs with frequency first mapping due to time-selective interference such as URLLC, this could be beneficial in terms of reducing UCI overhead. Furthermore, considering impact by time-selective interference, it can be considered to compose CBG as a set of symbols. 

● Method 2: Index of the minimum size CBG containing NACK

With this method, first of all, multiple CBG sets based on nested structure are provided, and then a CBG index with the minimum size (i.e., the minimum number of CBs) among the CBG index containing all of NACK CBGs is reported by UE. For example, assuming total 8 CBs, CBG set 1 consists of 2 CBGs (with index 1, 2) each of which contains 4 CBs as {CB 1/2/3/4} and {CB 5/6/7/8}, and CBG set 2 consists of 4 CBGs (with index 3,4,5,6) each of which contains 2 CBs as {CB 1/2}, {CB 3/4}, {CB 5/6}, {CB 7/8}. Given that, if the error occurs only on CB 2, CBG index 3 is selected as the minimum size CBG containing NACK and reported by UE. 

Proposal 5: The following methods need to be considered for HARQ-ACK payload reduction.

· Reporting the first and the last index of the CBGs which correspond to NACK
· Reporting the index of the CBG set containing NACK, based on tree-structured CBG set indexing

· Consideration of dynamic HARQ timing
It was agreed that multiple candidate DL HARQ timings (i.e., time delay between DL data reception and the corresponding HARQ-ACK transmission) are preconfigured by RRC signalling, and one of the timings used for actual HARQ-ACK transmission is indicated by DL scheduling DCI. With this mechanism, it needs to be considered that HARQ-ACK feedback corresponding to multiple DL data (TBs) over multiple slots is simultaneously transmitted in a single slot. In other words, with dynamic HARQ timing indication, multiple slots (denoted as “bundling window”) with DL data would be linked to single slot for HARQ-ACK feedback, and the corresponding HARQ-ACK payload would consist of multiple HARQ-ACK bits. In addition to this, considering the combination of CBG based HARQ operation and dynamic HARQ timing indication, HARQ-ACK payload size (and corresponding PUCCH overhead) might be increased according to the number of CBGs as well as bundling window size. Therefore, in order for design of HARQ-ACK feedback in case with both CBG based HARQ and dynamic HARQ timing, it is necessary to consider both UCI/PUCCH overhead and scheduling flexibility. 

In order to reduce UCI/PUCCH overhead for the above case, following two options can be considered: Alt 1) restriction on the maximum number of scheduled slots within a bundling window where the (maximum) number of CBGs per TB is the same within the bundling window, or Alt 2) signalling of scheduling status, for example, counter-DAI and total-DAI by CBG level, for a bundling window via DCI without restriction on the number of scheduled slots and CBGs per TB. For both options, UCI/PUCCH overhead could be maintained or reduced while scheduling restriction would be involved (with Alt 1) or DCI overhead would be increased (with Alt 2).

Proposal 6: It is necessary to decide the HARQ-ACK feedback method in case when both CBG based retransmission and dynamic HARQ timing indication is applied, with consideration of UCI/PUCCH overhead and scheduling flexibility.
3. Conclusion
In this contribution, we discussed on CBG mapping, DCI composition, and HARQ-ACK feedback for CBG based retransmission in NR, and the followings are proposed: 
Proposal 1: The following aspects should be considered for CBG composition and mapping. 
· Symbol (group) level alignment of CBGs

· CBG to RE mapping on PUSCH with frequency hopping

Proposal 2: For CBG mode 1 (where DCI includes both CBGTI and CBGFI) and CBG mode 2 (where DCI includes CBGTI only), the following DCI composition should be applied.
· 1-bit TB/CBG-flag is included in the DCI to indicate whether whole TB or partial TB is retransmitted via the scheduled PDSCH
· NDI field is used/reinterpreted as CBGFI (in mode 1) or CBGTI (in mode 2) in case when TB/CBG-flag indicates partial TB retransmission
· MCS/TBS field is split with two parts: the first part is used to indicate the modulation order and the remaining part is used as CBGTI, in case when TB/CBG-flag indicates partial TB retransmission
Proposal 3: In multiple CW case, same maximum number of CBGs per TB is configured for multiple TBs.
Proposal 4: In case when the agreed HARQ-ACK codebook with HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) is used, the followings are supported.

· NACK is reported for all the CBGs if TB CRC check is not passed while CB CRC check is passed for all the CBs. 

· NACK is mapped for the empty CBG index if the number of CBs for a TB is smaller than the configured maximum number of CBGs. 
Proposal 5: The following methods need to be considered for HARQ-ACK payload reduction.

· Reporting the first and the last index of the CBGs which correspond to NACK
· Reporting the index of the CBG set containing NACK, based on tree-structured CBG set indexing

Proposal 6: It is necessary to decide the HARQ-ACK feedback method in case when both CBG based retransmission and dynamic HARQ timing indication is applied, with consideration of UCI/PUCCH overhead and scheduling flexibility.
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