3GPP TSG RAN WG1 Meeting #89	 R1-1707175
Hangzhou, China, 15th - 19th May 2017 

Source: 	ZTE
Title:	CBG based transmissions  
Agenda Item:	7.1.3.3.5
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
At the RAN1 #88b meeting, the following agreements were made regarding CBG-based (re)-transmissions [1]:
	Nr
	Agreement

	1
	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

	2
	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.


	3
	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

	4
	Agreements:
· HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers is supported.
· FFS: in case of CBG-based re-transmission.




Based on the above agreements, this contribution considers remaining issues to be resolved for the support of CBG-based (re)-transmissions in NR. 
2. Discussions
1 
2 
Identification of Code Block Groups
So far in RAN1 has agreed that CBGs are supported, but it is still open how to identify or index the Code Block Groups during operation. This remains to be decided both for the feedback mechanism and also on the transmitter side.
Feedback mechanism: mapping between ack/nack feedback and CBG: At least two options addressing this issue have been brought up earlier. One is an indirect method, where the feedback would be considered as a pointer to a retransmission configuration table. This reconfiguration table could then contain different several CBGs that should be retransmitted but with different rate matching. 
The second method is a direct one-to-one mapping, where each CBG is represented by an individual ack/nack. We prefer the second option.
Proposal 1: In the HARQ feedback mechanism, each CBG is addressed with a unique identifier.
Transmission indication of CBG: For the DL transmitter, at least two options have been brought up. The first one is to omit the CBG identifier in the re-transmission. The UE would then simply assume that a retransmission only contains CBGs according to its previously sent Ack/Nack feedback. The second option is that the CBG is explicitly indicated in the scheduling grant.
Both options have their merits and drawbacks. The first one gives more similarities in the scheduling grant with the TB-level retransmission but implies more restrictions on the gNB retransmission scheme. Furthermore, it would prevent a CBG transmission on the gNB’s own initiative or could cause misunderstanding between gNB and UE in case of “Nack to Ack” or “Ack to Nack” errors.   For the DL direction, we are open to both solutions and make the decision also dependent on if a sub-sequent transmission shall be supported. For the UL direction, a CBG indication is needed.
Proposal 2: If RAN1 agrees on the support of sub-sequent DL transmissions of CBGs, a CBG indication shall be included in scheduling grant. FFS for the case if no-subsequent DL transmission is supported.
Proposal 3: For UL CBG transmission, a CBG indication is supported.
Code Block grouping
The application scenarios for CBG based retransmissions cover at least two cases, e.g. at low carrier frequencies to help eMBB UEs to recover more efficiently from pre-emption and at higher frequencies when a TB consists of many CBs. The mechanism for CB grouping has to be able to deal with very different constellations for the number of CBs included in one TB. Another further aspect that needs to be considered is that the available resources for sending the feedback are limited. 
In our view it is reasonable to assume that a TB should not be split into too many CBGs, e.g. 4 or 8 as a maximum number. 
Proposal 4: RAN1 shall agree on the maximum number of CBGs that maybe contained in one TB. The chosen value should ensure that PUCCH overhead is kept small and an efficient CBG to OFDM symbol mapping will be possible. 
When then the number of CBGs within a TB is fixed, but the number of CBs within a TB can vary, then the number of CBs in a CBG would change according to the TBS.  

Option1 from Agreement 3 in section 1 has low complexity and also little impact on other aspects, such as data encoding and the DCI design. Furthermore, the signalling overhead is controllable. In our view option1 is simple and efficient and should be adopted by RAN1.

Proposal 5:  For grouping CB(s) into CBG(s), the following option shall be adopted.
· 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

If the number of CBs is less than the number of configured CBGs, it is still necessary to provide feedback based on the number of configured CBGs, but the base station and UE can agree on the ACK / NACK location of the valid CBGs and the remaining bit positions can be reserved.

Mapping of CBGs to physical resources and UE decoding behavior
An important use case for CBG based retransmissions is the recovery of the eMBB UE in case of pre-emption. For this use case, ideally, an integer number of CBG(s) should fit into the pre-empted resources. The interleaving should be performed firstly in the frequency domain. In the ideal case, there could be a one-to-one mapping between CBG and physical resources as illustrated below in Figure 1.
[image: ]
Figure 1 – Mapping from CBs/CBGs to physical resources. As frequency first mapping should be applied.
Another benefit with the mapping described in figure 1 is that it allows for faster processing of the decoding. A UE does not need to wait until the whole transport block has been received. This is illustrated in Figure 2 below:
[image: ]
Figure 2 – One-to-one mapping of CBs to physical resources enables early start of the decoding
In practice, it will be difficult to achieve an exact one-one mapping, but RAN1 should strive for the possibility to keep the CBGs restricted to as few symbols as possible. For the CBG mapping, also design criteria from other use cases and varying channel conditions need to be considered. But at least the possibility for the following proposal should be given: 
Proposal 6: The possibility shall be given to map CBs in a frequency-first manner onto the physical resources to facilitate pipelining in the decoder and to ensure a resource-efficient retransmission mechanism.
Retransmission method
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It has been agreed that for (re)-transmissions of CBGs only one TB shall be allowed for one HARQ process. It still could be discussed, whether one or multiple HARQ processes shall be served in one scheduling grant.
For the first option, during one scheduling occasion, only one TB is served at a time (for the same layer). When only a partial TB is re-transmitted (one or some CBGs), the freed resources can be used to serve other UEs as it is illustrated in figure 3 below, for the case of one or several CBGs got pre-empted.

[image: ]
Figure 3 – Retransmission in slot N+k of CBGs (red field) from the same TB as initially transmitted in slot N
Proposal 7: The freed resources that are not needed during re-transmission of partial TB can be utilized to schedule data to other UEs.
The concept which is illustrated in Figure 3 above will probably be sufficient to improve the system throughput in case many UEs need to be served.  

For the case that one wants to improve the throughput to one particular UE, it could be considered to send data from two TBs during one scheduling occasion. It could for example be considered to serve two HARQ processes on the same layer in one scheduling grant, or to let two TBs correspond to one HARQ process. This is illustrated in Figure 4 below. Further details on this approach are described in the companion contribution [2].   


Figure 4 – (Re)-transmission of multiple HARQ processes for one layer in one scheduling grant
Proposal 8: In order to improve the data throughput to one particular UE, RAN1 could study the feasibility to serve multiple TBs in one layer within one scheduling grant.
3. Conclusion
Based on the analysis given above, we have the following proposals:	
Proposal 1: In the HARQ feedback mechanism, each CBG is addressed with a unique identifier.
Proposal 2: If RAN1 agrees on the support of sub-sequent DL transmissions of CBGs, a CBG indication shall be included in scheduling grant. FFS for the case if no-subsequent DL transmission is supported.
Proposal 3: For UL CBG transmission, a CBG indication is supported.
Proposal 4: RAN1 shall agree on the maximum number of CBGs that maybe contained in one TB. The chosen value should ensure that PUCCH overhead is kept small and an efficient CBG to OFDM symbol mapping will be possible. 
Proposal 5:  For grouping CB(s) into CBG(s), the following option shall be adopted.
· 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

Proposal 6: The possibility shall be given to map CBs in a frequency-first manner onto the physical resources to facilitate pipelining in the decoder and to ensure a resource-efficient retransmission mechanism.
Proposal 7: The freed resources that are not needed during re-transmission of partial TB can be utilized to schedule data to other UEs.
Proposal 8: In order to improve the data throughput to one particular UE, RAN1 could study the feasibility to serve multiple TBs in one layer within one scheduling grant.

4. References
[1] 3GPP Chairman's Notes RAN1_89_final
[2] R1-1708217, “Design considerations for CBG transmission from two TBs”, ZTE
5

image3.emf
Prempted 

part

Slot N

Slot N+k, k = 1,2,3

Previously preempted from TB #A

UE A, TB#A

TB#AOt

Other UEs


image4.emf
CBG#1

TB#1

CBG#2 CBG#3 CBG#4

CBG#1 CBG#3 CBG#5 CBG#6

Re-transmission of 

CBGs

new TB#2

Example 1


oleObject1.bin
文本�

CBG#1


CBG#2


CBG#3


CBG#4


TB#1


CBG#1


CBG#3


CBG#5


CBG#6


Re-transmission of CBGs


new TB#2


�

�

Example 1



image1.emf
Sub-carriers

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CBG1

CBG2 CBG3 CBG4 CBG5 CBG6 CBG7

e.g. 1 slot (14 symbols)


image2.emf
CB#1

CB#2

CB#3 CB#4 CB#5 CB#6 CB#7 CB#8

CBG1 CBG2 CBG3 CBG4

Transport Block

Preempted resources 

containing CB#5 of 

CBG3

DecodeCB#1

DecodeCB#2

CB#5

CB#6

Retrans CBG3

DecodeCB#8

Slot N Slot N+1

DecodeCB#5

+TB


