3GPP TSG RAN WG1 Meeting #90bis



R1-1718861
Prague, CZ, 9th – 13th, October 2017
Agenda Item:
7.3.3.3
Source: 
LG Electronics

Title: 
Summary of proposals on CBG based retransmission
Document for:
Discussion and decision
1. Introduction

On the CBG based retransmission, the following agreements were made in RAN1#90 meeting. 
	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 RAN1 NR AH#3, the following was agreed. 
	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 does not intend to address fallback DCI aspect
· L1 signalling to indicate the number of CBGs per TB is not supported in Rel-15


This document is provided to facilitate more efficient and focused online discussion/decision, and the potential inputs from the companies with different views can be updated if needed. 

2. Summary of proposals

2.1. DCI related issues

In terms of DCI design, many company mentioned possible mechanisms to reduce DCI overhead. As discussed in previous meetings as well, reusing or reducing NDI bit jointly with CBGTI or CBGFI was proposed by multiple companies. On the other hand, a few companies also mention that there can be ‘error’ cases if NDI bit is jointly used with CBGTI or CBGFI. 
In terms of DCI format/fields for TB level and CBG level (re)transmission DCI, three options are proposed as follows. 
	DCI fields
	Option 1: Same DCI format for TB/CBG level (re)transmission with separate NDI bit
	Option 2: Same DCI format for TB/CBG level (re)transmission with joint NDI bit
	Option 3: Different DCI formats between TB and CBG level DCI

	NDI
	· 
	
	· 

	CBGTI
	· 
	· 
	(only in CBG level DCI)

	Differentiation between TB-level transmission and CBG level transmission
	
	
	(explicit or implicit)

	MCS
	· 
	· 
	(full MCS bits for TB level, reduced MCS bits for CBG level)

	Supporting companies
	ZTE, HW, CATT (only when CBGFI is not configured), NTT DOCOMO, HTC, Qualcomm, Ericsson,
	Samsung, Fujitsu, Fraunhofer HHI,  Sharp, Sony(for UL), CATT (when CBGFI is configured),
	HW, Vivo, Oppo, WiLUS, LG 


Based on the inputs, it seems that there are slight majority in a common DCI format which carries separate NDI and CBGTI regardless of initial or retransmission with keeping other fields intact. As the size of CBGTI is not yet determined where big CBGTI size may require further discussion to minimize DCI overhead, we propose the followings. 
Possible Proposal:

· NDI bit field is separately present from CBGTI in both initial and retransmission DCI when CBG based retransmission is configured.
It was mentioned by a few companies (Vivo, NTT DOCOMO, LG, Qualcomm), for CBGFI, reinterpreting NDI bit or RV to CBGFI can be more efficient as 

· There is no CBGFI in UL grant, so to align DCI size between DL and UL scheduling DCI, it is better not to introduce any DL-specific bit field

· As CBGFI is only used after initial transmission has been transmitted, NDI bit may not be necessary
Other companies (ZTE, HW, Intel, Samsung, Fujitsu, CATT, Oppo, Ericsson) prefer separate bit field for CBGFI. Though it is minor view, as there seems no critical issue to reinterpret NDI to CBGFI, we propose to further consider, and adopt it if there is no issue is identified for DCI overhead reduction. 
Possible Conclusion:

· Discussed further on the possibility of reinterpreting NDI (or RV) to CBGFI with consideration of DCI overhead.
2.2. Maximum configurable number of CBGs
Regarding the maximum number of CBGs configurable by RRC, it has been proposed by a few companies as follows.

	
	Maximum configurable number

	ZTE
	8

	AT&T
	ceil(TBSmax/D), where D = 8448 bits

	Nokia
	4 – 12


It seems this issue needs to be discussed further with consideration of potential DCI overhead, CBG level retransmission efficiency, and performance benefits. 
Possible Conclusion:

· Discussed further on the maximum configurable number of CBGs with consideration of potential DCI overhead, CBG level retransmission efficiency, and performance benefits.
2.3. Number of CBGs for multiple CW case
On the configuration of the number of CBGs per TB, it is still FFS on how to configure the maximum number of CBGs per TB in case configured with multiple CWs for MIMO. The following three alternatives are being proposed by each company.

1) Alt 1: The maximum number of CBGs per TB is configured to be the same between TBs (majority)

2) Alt 2: The maximum number of CBGs per TB is separately configured for each TB

3) Alt 3: A single maximum number of CBGs is configured to be shared by multiple TBs

The benefits from each alternatives can briefly be summarized as: HARQ operation simplicity with Alt 1, CBG configuration flexibility with Alt 2, and TBS-dependent CBG assignment with Alt 3. It seems this issue needs to be discussed further with consideration of simplification, flexibility, and performance in case configured with CBG based retransmission. 
Possible Conclusion:

· Discussed further on the configuration of the maximum number of CBGs per TB for multiple CW case, with consideration of simplification, flexibility, and performance in case configured with CBG based retransmission.
2.4. Fallback to TB-level HARQ-ACK feedback and retransmission
According to the review on the contributions to RAN1#90bis, it seems most companies consider the necessity of the fallback operation to TB level HARQ-ACK feedback and retransmission even in case when CBG based retransmission is configured. However, the companies seem to have different view in terms of when and/or how to apply/support the TB level HARQ-ACK feedback. 
Firstly, on the point of when to apply the TB level HARQ-ACK feedback, there can be at least three alternatives as below according to the review on the contributions.
1) Alt 1: For the case if all HARQ-ACKs corresponding to all CBGs are ACK or NACK

2) Alt 2: For the case if PDSCH is scheduled by PDCCH via common search space or PDCCH by fallback DCI format

3) Alt 3: For the case if TB level A/N feedback is explicitly indicated by gNB
Secondly, on the point of how to support the TB level HARQ-ACK feedback in terms of HARQ-ACK payload composition and PUCCH resource assignment, there can be at least two alternatives as below according to the review on the contributions.
1) Alt 1: generate 1-bit bundled A/N per TB, then transmit PUCCH format supporting small UCI payload which can be different from the PUCCH format conveying multi-bit CBG-level A/N per TB
2) Alt 2: generate bundled A/N per TB, then transmit using the same PUCCH format used for conveying multi-bit CBG-level A/N per TB 
It seems this issue also needs to be discussed further in terms of when and/or how to apply/support the TB level HARQ-ACK feedback.
Possible Conclusion:

· Discussed further on the operation for fallback to TB-level HARQ-ACK feedback in case when CBG based retransmission is configured, in terms of when and/or how to apply/support the TB-level HARQ-ACK feedback.
2.5. Handling of TB CRC fail case
There is one FFS point on how to handle the case if TB CRC check is failed while CB CRC check is passed for all the CBs, when the semi-static HARQ-ACK codebook with HARQ-ACK multiplexing which includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) is used. This issue has clear majority and the following can be agreeable in this RAN1#90bis meeting.

Possible Agreement:

· For the case when the semi-static HARQ-ACK codebook with HARQ-ACK multiplexing which includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) is used, 
· 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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4. Annex 

(1) Mentioned error case for NDI + CBGTI joint transmission (R1-1717074 HW)


[image: image1.emf]1

2

3

4

1

2

3

4

A

A

N

N

gNB

UE

3

4

CBGTI

0000

(TB1 initial)

1100

(TB1 retx)

1

2

3

4

A

A

A

A

1

2

3

4

1111

(all toggling means new 

TB2 initial)

1

2

3

4

DTX to ACK

1

2

3

4

A

A

N

N

3

4

0011

(TB2retx at gNB)

TB1retx at UE!

1

2

3

4

1

2

3

4

A

A

N

N

gNB

UE

3

4

CBGTI

0000

(TB1 initial)

1100

(TB1 retx)

1

2

3

4

A

A

A

A

1

2

3

4

1111

(new TB2 initial)

1

2

3

4

DTX to ACK

1

2

3

4

A

A

N

N

3

4

0011

(TB2 retx at gNB)

TB2retx at UE

(miss TB2 initial)

NDI 0 0 1 1

(a) error case without separate NDI field

(b) no error case with separate NDI field

ERROR CASE !

NO ERROR CASE !

1

2

3

4

A

A

A

A

For TB1at UE!

For TB2at gNB!

TB2 LOST !

1

2

3

4

N

N

N

N

For TB2at UE!


Figure 1.An example of DTX-to-ACK issue.

(2) Mentioned error case for NDI + CBGFI (R1-1717395 Intel)

During the RAN1#90 meeting, there was some discussion on whether it is better to use a separate TB-level NDI (as done for LTE) or couple the indication of the new TB to the value of CBGFI. In our view, the second option yields very small overhead reduction (i.e., 1 bit) and an increased probability of error events. 

	
[image: image2]
Figure 1: ACK to NACK error for NDI and CBGFI field


As shown in FIG.1, UE cannot differentiate between case (1a) and case (1b) if TB-level NDI is re-interpreted as CBGFI. In the first case (i.e. FIG.1a), the UE receives an unnecessary retransmission of an old TB k. This retransmission should be stopped and accordingly an ACK should be sent to the gNB to resyncronize the transmitter and receiver states. However, in the 2nd case depicted in FIG.1b, the UE missed completely the initial transmission of new TB k+1. In this case, UE should try to decode the received re-transmission and, if not successful, request a retransmission by sending NACK. With an explicit TB-level NDI, the UE can detect the occurance of the ACK/NACK detection error by checking the NDI value and thus feedback ACK/NACK properly. 
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Figure 2: NACK to ACK error for NDI and CBGFI field
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