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Introduction
CBG based retransmission is a new feature introduced in NR, which is absent in the previous RAT, i.e. LTE and UMTS. As part of the procedures in data transmission, a TB is segmented into multiple CBs if the TB size is large enough. Without CBG based retransmission, if any of the CB in a TB is decoded in error, a NAK will be fed back to the transmitter to request the retransmission of the whole TB including those CBs that are successfully received. It is clearly a suboptimal solution since retransmission of a successfully received CB is redundant and wasteful.

With CBG based retransmission, only the CBGs that contain unsuccessfully received CB(s) are retransmitted which allows the system to operate more efficiently. CBG based retransmission is especially useful when bursty interference/data corruption exists which can be caused by multiple reasons, such as URLLC service puncturing the regular data service, high speed channel without full time domain interleaving and bursty interference etc.

CBG based retransmission feature is in a very stable state for Rel-15 NR. There are multiple important agreements reached in RAN1 regarding the design of this feature [1, 2, 3]

	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:
· RAN1 advises based on the current understanding that RAN2 can make progress without taking into account the progress of CBG retransmissions and pre-emption indication.
· RAN1 will strive for making CBG retransmissions and pre-emption indication being not be visible in the MAC spec.
Agreements:
· In single CW configuration, the maximum configurable number of CBGs per TB is 8
· The possible max number of CBGs per TB is 2, 4, 6, 8
· In multiple CW configuration, the maximum configurable number of CBGs per TB is 4
· In multiple CW configuration, the configured maximum number of CBGs per TB is the same between TBs 


 
In the current NR spec., the support of CBG retransmission is limited to the case where CBG retransmissions cannot be combined with the CBG new retransmission. In other words, during the retransmission, the resources that were used, during the previous transmissions by the CBGs that are not retransmitted are re-allocated to the CBGs that are retransmitted, according to the spec. in 38.212 [4]

	


Denoting by  the rate matching output sequence length for the -th coded block, where the value of  is determined as follows:
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We illustrate the current NR design using an example assuming

1. MIMO transmission of 6 layers with 2 codewords, each codeword contains 3 layers
2. Each codeword contains 2 CBG
3. After the first transmission
a. 1st codeword has one CBG decoding in error and one CBG decoding in success: CBG(0,0): NAK, CBG(0,1): ACK
b. 2nd codeword has both CBGs decoding in error: CBG(1,0): NAK, CBG(1,1): NACK

Figure 1 illustrates the CBG based retransmission according to the current NR design. Since the CBG(0,1) is successfully received during the first transmission, it is not retransmitted during the retransmission, the resources previously occupied by CBG(0, 1) are rate-matched to be used by CBG(0, 0).

Clearly, compared to the case when CBG based retransmission is not supported, current NR design allows the system to run more efficiently in terms of increasing the decoding success rate of CBG(0, 0). However, there are still some limitations of the current NR design

1. It offers limited UE throughput improvement: During the retransmission, even though CBG(0,1) is successfully received, the resources used by CBG(0,1) cannot be used to schedule a new transmission, instead, it can only be used for retransmission. This has two limitations
a. The resource allocation for the retransmission could be over-dimensioned. Typically, the first transmission already provides UE with some soft information to be combined with the retransmission. Spending the same amount of resource during retransmission may already be over-dimensioned. In this case, CBG(0,0) even spends twice amount of resources compared to the first transmission which makes the resource allocation inefficiency even more prominent
b. Dis-proportional resource allocation between different CBGs. Clearly, in this example, CBG(0,0) utilizes twice amount of the resources compared to CBG(1,0) and CBG(1,1)  
2. It offers limited improvement in terms of NW resource utilization: In this example, even there is one CBG that doesn’t need to be retransmitted. NW still has to spend the same amount of the resources during the retransmission which limits the benefit from CBG based retransmission
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Figure 1 CBG based retransmission: current NR design
In this contribution, we focus on the potential optimizations of the CBG based retransmission to allow the system to operate more flexibly and hence, provide more performance benefit from both the UE perspective and NW perspective.
Consideration on CBG based retransmissions
In this session, we consider the potential enhancement to the CBG based retransmission in terms of allowing the resource allocation to be more flexible.
CBG based retransmission with NDI per CBG
Once the CBG based ACK/NAK is allowed, each CBG can be treated as an independent TB, i.e. each CBG can be independently transmitted with either retransmission or new data. In other words, an independent NDI bit can be introduced per CBG. From performance perspective, this will improve the efficiency by allowing more flexible CBG based retransmission. However, this design also comes with increased complexity and potentially, increased overhead. From RAN2 perspective, allowing each CBG to be (re)-transmitted independently may impact the UE MAC procedure, which, in return, also complicates the UE HARQ bookkeeping.

Figure 2 illustrates the CBGs based retransmission with per CBG NDI. During the retransmission, since CBG(0,1) is successfully received in the previous transmission, the resources used by CBG(0,1) can be used for a new transmission with per CBG NDI, instead of rate-matched and used by CBG(0,0) for retransmission according to the current NR design.

Proposal 1: NR to consider introduce NDI per CBG to allow each CBG to be (re)transmitted independently
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Figure 2 CBG based retransmission: allow per CBG NDI
CBG based retransmission allowing per codeword layer mapping reconfiguration
Another perspective to enhance the CBG based retransmission is on how to allow NW to reduce its resource allocation during CBG retransmission. As we pointed out in section 1, one issue with current CBG based retransmission is that the resource allocation between different CBG can be dis-proportional during the retransmission. One solution is to consider changing the MIMO layers to codeword mapping during the retransmission either explicitly or implicitly. As results, this will also allow the NW to reduce the resource allocation in frequency and/or time domain. 

Figure 3 illustrates the idea of changing layers to codeword mapping during retransmission. In this example, during the retransmissions, 2 layers are mapped to the 1st codeword while 4 layers are mapped to the 2nd codeword. By doing so, the resource allocation between different CBG still keep the same ratio during retransmission. Moreover, to maintain the same amount of resource allocation per CBG as previous transmission, NW can reduce its frequency domain RB allocation or time domain slot duration. In Figure 3, we demonstrate the example when NW reduces its RB allocation by 25% to keep the same resource allocation per CBG between first transmission and retransmission.

Proposal 2: NR to consider allowing the reconfiguration of layer to codeword mapping during retransmission either implicitly or explicitly


[image: ]
Figure 3 CBG based retransmission: change layer to codeword mapping during retransmission
CBG based retransmission allowing per CBG layer mapping reconfiguration
As discussed in section 2.2, allowing flexible layers to codeword mapping can provide NW with more flexibility to reduce its resource allocation when some of CBGs do not require retransmission.

Similarly, we can also consider to change the layers to CBG mapping during retransmission, either explicitly or implicitly. Figure 4 illustrates this concept. During the retransmission, CBG(0,0) CBG(1,0) use the same resource allocation and layer mapping as the previous transmission since they both require to be retransmitted. However, for CBG(1,1), as its pairing CBG(0,1) does not need to be retransmitted, all the 6 layers can be allocated to CBG(1,1). To maintain the same total amount of resources, CBG(1,1) only needs to be retransmitted in ½ of the duration (number of symbols). Clearly, this allows the NW to save some of the resources to be used by other users. 

Proposal 3: NR to consider allowing the reconfiguration of layer to CBG mapping during retransmission either implicitly or explicitly

[image: ]
Figure 4 CBG based retransmission: change layer to CBG mapping during retransmission
Conclusions
CBG based retransmission is a new feature introduced in NR, which is absent in the previous RAT, i.e. LTE and UMTS. With CBG based retransmission, only the CBGs that contain unsuccessfully received CB(s) are retransmitted which allows the system to operate more efficiently. In the current NR spec., the support of CBG retransmission is limited to the case where CBG retransmissions cannot be combined with the CBG new retransmission.

In this contribution, we focus on the potential optimizations of the CBG based retransmission to allow the system to operate more flexibly and hence, provide more performance benefit from both the UE perspective and NW perspective.

Proposal 1: NR to consider introduce NDI per CBG to allow each CBG to be (re)transmitted independently

[bookmark: _GoBack]Proposal 2: NR to consider allowing the reconfiguration of layer to codeword mapping during retransmission either implicitly or explicitly

Proposal 3: NR to consider allowing the reconfiguration of layer to CBG mapping during retransmission either implicitly or explicitly
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