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1. [bookmark: DocumentFor][bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
At the RAN1 #88b meeting, the following agreement was made regarding CBG-based retransmission [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
· 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



When only a part of TB needs to be retransmitted, then this re-transmission will most likely require fewer resources than the original transmission when the whole TB was sent. If the throughput to one particular UE should be enhanced, it could be attractive to combine in one slot/scheduling grant both the CBGs from the previous TB and bits belonging to a new TB to the same UE.  This contribution discusses how this could be achieved.
2. Discussions
1 
2 
Retransmission method
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The retransmitted CBGs and the new TB (or CBGs) can be transmitted simultaneously in a slot if they for example belong to two different HARQ processes. Figure 1 shows three different scenarios.



 


Figure 1 - 3 different examples when serving two TBs by two HARQ processes in the same slot

In Example 1, assume that the retransmitted CBGs are always placed before the new CBGs, and the order between the retransmitted CBGs is also predefined. For example, the retransmitted CBGs are of the same size as their own initial transmissions. The order between the retransmitted CBGs remains unchanged compared to the initial transmission. The CBG numbering in example 1 is just one realization, it can also be performed independently.  The size of the new CBGs obtained from the new TB is the same as the size of the retransmitted CBGs. If the total number of CBGs being transmitted in the slot is T (e.g. 4) and assume that R=2 CBGs are to be retransmitted, then the number of CBGs to be configured for the new TB is N=T-R = 2. This approach may cause the new TB size to be affected by the previous TB size.
In Example 2, the size of the new CBGs (belonging to a new TB) can be different from the size of the retransmitted CBGs. The method to determine the number of CBGs for the new TB is the same as in Example 1. The new TB size can be defined according to the needs and the actual available resources.

In Example 3, the number of CBGs from the new TB is configured. The total number of CBGs that the UE needs to feed back is the sum of the retransmitted CBGs and the CBGs belonging to a new TB. That means that the total number of CBGs that need to be fed back is varied.  Thus, such an approach will require a varying number of bits being used for the ack/nack.

In order to achieve a retransmission mode as described above, either a new DCI can be introduced, or two separate DCIs can be used, one for each TB. We would prefer to use a single DCI in order to reduce the signalling overhead and the UE blind detection complexity. The detailed DCI design is described further in the following section.

Proposal 1: The retransmitted CBGs and the new TB to the same UE can be transmitted simultaneously in a slot in two separated HARQ processes or by sharing the same HARQ process and layer. The specific retransmission method can be further discussed.

The number of configured CBGs for a data transmission should be the sum of the number of retransmitted CBGs (if any) and the number of new CBGs (if any). The number of new CBGs constitutes a new complete TB.

Proposal 2: The number of configured CBGs for a data transmission should be the sum of the number of retransmitted CBGs (if any) and the number of new CBGs (if any).
New scheduling method and the new DCI design
In this section the DCI design is discussed to support the retransmission of CBGs together with CBGs from a new TB during one slot.
In Design 1, one DCI is used for the retransmitted CBGs, and another DCI is used for the new TB. These two DCIs are sent independently from each other. This is the simplest way, but it requires two DCIs, and the UE needs to blind them separately. Design 1 will bring large overhead and UE blind inspection complexity.

In Design 2, one common DCI is used for both retransmitted CBGs and the new TB in the slot. This approach reduces the signalling overhead and also the UE blind detection complexity. The drawback is that such DCI design may be more complex. The new DCI for Design 2 may need to include the following information fields:
1. The time domain resource information can be identical or different for different TBs.
2. The resources in the frequency domain can be identical or different for different TBs.
3. MCS information can be shared or configured for different TBs.
4. Process numbers can be configured for different TBs

Below, a few application examples are given:
Alt A, if the retransmitted CBG and the new TB are scheduled through a DCI, the DCI can assign them their respective time domain OFDM symbols, the shared PRBs, configure the respective MCS and their respective process numbers. 
Alt B, if the retransmitted CBG and the new TB are scheduled through a DCI in a slot, the DCI can assign them time and frequency domain resources, configure the respective MCS and their respective process numbers. The UE and the base station know the size of the retransmitted CBG, the data mapping rules, the MCS and the time-frequency domain allocation information. The UE can then deduce the specific resources of the retransmitted CBG from the allocated time-frequency domain resources. Obviously, the other resources are used for the new TB. We consider that Alt B has less signalling overhead.
Alt C, if two new TBs are scheduled through a DCI in a slot, the DCI can assign them their respective time domain OFDM symbols, the same PRB, configure the respective MCS and their respective process numbers. The UE receives then two TBs.
The process number of the retransmitted CBGs must be the same as the process number of the initial transmission.
Compared to using a DCI for a TB, alt A ~ C can use a DCI for multiple TBs, which have less overhead. Indicating two TDMed TBs in one DCI should be considered. The detailed DCI design needs to be further discussed in conjunction with the corresponding use-case.
Proposal 3: Consider introducing a new scheduling method in NR: Indicating two TDMed TBs in one DCI should be considered. Detailed DCI design is further discussed in RAN1.


3. Conclusion
Based on the analysis given above, we have the following proposals:
Proposal 1: The retransmitted CBGs and the new TB to the same UE can be transmitted simultaneously in a slot in two separated HARQ processes or by sharing the same HARQ process and layer. The specific retransmission method can be further discussed.

Proposal 2: The number of configured CBGs for a data transmission should be the sum of the number of retransmitted CBGs (if any) and the number of new CBGs (if any).

Proposal 3: Consider introducing a new scheduling method in NR: Indicating two TDMed TBs in one DCI should be considered. Detailed DCI design is further discussed in RAN1.

4. Reference
[1] 3GPP Chairman's Notes RAN1_88b_final
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