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1 Introduction
In RAN1 #89 and #89ah, the following agreements on CBG-based (re)-transmissions were reached:
	No.
	Agreement

	1
	Agreements:
· For DL CBG-based (re)transmission,
· Following information can be 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.
· FFS: timing of CBG-based (re)transmission.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication. 

	2
	Agreements:
· For grouping CB(s) into CBG(s), following is adopted.
· With indicated 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 indicated number of CBG 
1. FFS “indicated” is realized by RRC, MAC, L1 signaling

	3
	Agreements:
1. At least following is supported.
0. For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.
0. The difference of CB number per CBG between any two CBGs is either 0 or 1.
0. FFS on the detailed rule for the CB grouping.
1. Study further benefit and realization of non-uniform CB distribution across CBGs.

	4

	Agreement:
· When uplink CBG-based (re)transmission is configured, the UL grant indicates which CBG(s) of a TB is/are retransmitted

	5
	Working assumption:
· For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).
Agreements:
· For CBG-based (re)transmission, the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block.



CBG-level A/N has been agreed to be supported in NR, with the details being finalized. A typical mode of operation can be the gNB RRC configures the number of CBGs for a component carrier, and the CBG A/N for that CC will be fed back in PUCCH, possibly in the form of a bitmap. However, the current agreements focus on the case of feeding back the CBG A/N for a single codeword and not PDSCH A/N multiplexing.
In this paper, we discuss CBG A/N multiplexing under
Multi-codeword case
When there is carrier aggregation that a PUCCH needs to carry A/N for multiple PDSCH
Dynamic K1 timing is supported when the PUCCH in one slot needs to carry A/N for PDSCH transmitted in multiple slots.
2 Discussion
2.1 CBG A/N for multi-codeword case
For transmission with rank higher than 4, MCW will be used. When the carrier is configured to use CBG A/N, instead of TB A/N, CBG A/N can be reported. Typically, the gNB will RRC configure the number of CBGs, and the CBs will be grouped into that number of CBGs. One A/N bit will be generated for each CBG. However, the PDSCH transmission may switch between SCW and MCW dynamically. The number of CBGs is preferred not to depend on the number of codewords used, so that the PUCCH payload size is not varying.
[bookmark: p1]Proposal 1. The same number of CBGs is configured for SCW and MCW when MCW is supported.
When grouping CBs into the CBGs, uniform grouping is supported for the SCW case, where the number of CBs in each CBG is as uniform as possible (max size difference is limited to 1). For MCW case, this may not be the right choice. For example, if we sequentially list the CBs of CW0 and CBs of CW1, and apply uniform grouping, very likely, there will be a CBG containing CBs from both the CWs. We propose to avoid this case in CBG grouping to better support the case when one of the two TBs can finish transmission earlier and a new TB transmission can be scheduled. 
[bookmark: p2]Proposal 2. For uniform CBG grouping under MCW, avoid one CBG containing CBs from both the CWs.
In order to achieve this goal, we first need to split the available CBGs into two codewords. Then, within each codeword, we uniformly group CBs into CBGs. For the combination of the two steps, we still like to have as uniform CBG sizes as possible. This can be achieved by the following procedure:
Step 1. Counting the number of CBs in both the codewords, proportionally split the available number of CBGs between the two codewords, with rounding if necessary.
· For example, there are X0 CBs in CW0 and X1 CBs in CW1, and totally N CBGs configured. We can assign N0=floor(X0/(X0+X1)*N) CBGs for CW0 and N-N0 CBGs for CW1
Step 2. For CW0, uniformly group X0 CBs into N0 CBGs. Similarly, for CW1, uniformly group X1 CBs into N1 CBGs.
[bookmark: p3]Proposal 3. For MCW, proportionally split the number of CBGs between the two CWs and uniformly group CBs into CBGs in each CW.
In a companion paper [3], we also propose to support a region-based CBG grouping for a better CBG alignment with the interference structure. In that design, a CBG is defined by a time-frequency domain region, such as a set of (contiguous) OFDM symbols, and all CBs that fall in the region will be grouped into a CBG.
The same design can be generalized to MCW as well. In this case, the design is actually simpler than the uniform CBG grouping case. Basically, for a region defined, all CBs from both codewords in the MCW case will be grouped into the CBG. In other words, a CBG will always contain CBs from both codewords. This approach has the benefit that the same grouping rule applies to both SCW and MCW, and it is suitable for the case of bursty interference (such as URLLC), which will hurt the CBs of both the codewords in the same region.
[bookmark: p31]Proposal 4. For region-based CBG grouping, CBs from both the codewords of a region will be grouped together in the same CBG.
2.2 CBG A/N multiplexing for CA and cross slot scheduling
When a UE is configured to perform CA and/or when the UE is configured to support multiple K1 (i.e., different timing between PDSCH transmission and A/N feedback), and the UE is configured to perform CBG level A/N, it is possible that the UE needs to feedback multiple sets of CBG A/N in one PUCCH. 
For example, if a UE is configured to perform CBG A/N with 10 bits for A/N for one CC and there are 5 CCs, the UE may need to budget for 50 bits for the PUCCH to carry the CBG A/N for all CCs (as the total number of A/N bits needs to be selected to handle the worst case).
Another example is when K1 can be dynamically indicated in DCI, and K1 can be 2, 3, or 4. Then the A/N in slot N PUCCH can be for PDSCHs in slots N-2, N-3 or N-4. In other words, there can be 3 PDSCH transmissions requiring A/N feedback in the same slot N. If for this CC, a 10-bit CBG A/N is configured, we will need to budget for 30 bits in PUCCH to handle the worst case as well.
As a result, the required PUCCH payload size to support CBG level A/N for CA and adaptive K1 can be quite high, which can limit the use case of CBG A/N in such scenarios. Hence, we need ways to reduce the required A/N bits to make the CBG A/N feature sustainable under CA and multiple-K1 scenarios. Note that due to potential DL grant miss-detection error event, it is not safe to adapt the PUCCH payload size depending on the actual number of PDSCHs scheduled. The design needs to be robust enough to handle DCI-misdetection event.
[bookmark: p4]Proposal 5. The CBG A/N multiplexing for CA and dynamic K1 cases should consider A/N payload size reduction and target a robust design to handle DCI-misdetection event.
To reduce the number of bits needed for A/N, there are a few observations we can take advantage of:
Not all budgeted PDSCHs will be transmitted in most cases
· If a PDSCH is not transmitted, only a TB-level NAK is needed
· Note that a TB-level NAK is still needed as there is the potential of DCI-misdetection event.
Not all PDSCH transmissions need CBG-level A/N
· There is a high chance that the CBGs in a PDSCH either all pass or all fail, in which case TB-level A/N is good enough
· However, the gNB does not know which PDSCH will benefit from CBG-level A/N ahead of time
· Only the UE knows that after the actual decoding
These observations points to a design that shares the limited number of available PUCCH payload bits across multiple CCs and multiple PDSCHs across slots. 
First of all, the PUCCH payload size is configured by the gNB through RRC. Out of this A/N-payload budget, the UE will pick the PDSCH to report CBG-level A/N. The remaining PDSCHs can be supported by a TB-level A/N. For example, suppose there are total of 10 PDSCHs possible, each configured with 8 bits for CBG-level A/N. Instead of using 80 bits for PUCCH, the gNB can configure 22 bits for the PUCCH payload: The UE can use 10 bits for TB-level A/N for each of the 10 PDSCHs, use 4 bits to indicate the PDSCH for which CBG-level A/N will be reported, and the remaining 8 bits for the CBG-level A/N for that PDSCH. 
The UE will pick the PDSCH to report CBG-level A/N so as to maximize the CBG-level retransmission gain. For example, if out of the 10 PDSCHs, only one of them has bursty errors, then the UE would report CBG-level A/N for that PDSCH. If there are more than one PDSCHs with bursty errors, the UE can select the one that provides maximum performance gains, e.g., the one with the minimum number of CBGs to be retransmitted. However, the selection mechanism can be subject to implementation.
[bookmark: p5]Proposal 6. For CBG-level A/N multiplexing, consider configuring a fixed A/N payload and let the UE choose the PDSCH(s) to feedback CBG-level A/N while using TB-level A/N for the remaining PDSCHs.
3 Conclusions 
For the CBG level A/N multiplexing, we have the following proposals.
Proposal 1. The same number of CBGs is configured for SCW and MCW when MCW is supported.
Proposal 2. For uniform CBG grouping under MCW, avoid one CBG containing CBs from both the CWs.
Proposal 3. For MCW, proportionally split the number of CBGs between the two CWs and uniformly group CBs into CBGs in each CW.
Proposal 4. For region-based CBG grouping, CBs from both the codewords of a region will be grouped together in the same CBG.
Proposal 5. The CBG A/N multiplexing for CA and dynamic K1 cases should consider A/N payload size reduction and target a robust design to handle DCI-misdetection event.
Proposal 6. For CBG-level A/N multiplexing, consider configuring a fixed A/N payload and let the UE choose the PDSCH(s) to feedback CBG-level A/N while using TB-level A/N for the remaining PDSCHs.
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