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1 Introduction
	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.


In the previous RAN1 meetings, it has been agreed that both CBG indication and preemption indication could be utilized to indicate the existence of preemption to victim users. In this paper, following the agreements, the considerations on CBG-based (re-) transmission for DL multiplexing of eMBB and URLLC are provided. Other considerations could be found in our companied paper [1] and [2].
2 Subsequent transmission for DL multiplexing eMBB and URLLC
As we discussed in [1], a subsequent transmission for victim eMBB users are usually necessary for the purpose to successfully decode the original transmission corrupted by a URLLC burst. On the other hand, it’s hard to say that URLLC could simply preempt eMBB users with CBG-based re-tx mode while other eMBB users with TB-based re-tx mode are safe. Therefore, subsequent transmission is necessary for eMBB UEs with either CBG-based re-tx mode or TB-based re-tx if preemption occurs.
Proposal 1: CBG-based subsequent transmission can be scheduled if CBG-based retransmission is configured; TB-based subsequent transmission can be scheduled if CBG-based retransmission is not configured.
3 Preemption indication and flushing CBGI
In one hand, the more CBG number in a TB, the more proper indication granularity of flushing CBGI. In the other hand, the indication granulation of flushing CBGI would be rough when a TB contains only one CB. Moreover,the number of CB in one TB is dynamically changed per scheduling interval, it is improper to only configure flushing CBGI, especially when only one CB in a TB may occur frequently in the deployment below 6GHz. Therefore, to increase the resource usage efficiency, PI is necessary even for those users configured with CBG-based re-tx mode. 
gNB can either use PI in case of only one CB in a TB, or use flushing CBGI in case of many CBs in a TB when both the preemption indication and flushing CBGI are configured. 
Proposal 2: Both the preemption indication and flushing CBGI can be configured for a UE.
Regarding the buffer flushing operation when flushing CBGI and/or PI is configured, Table 1 gives UE behaviors with different configurations. For example, if only one indication is configured the victim user would follow the configured indication. When both PI and flushing CBGI is configured, the victim user could handle its buffer based on PI to obtain better resource usage efficiency. In the meanwhile, CBGI could be utilized for double check to avoid improper flushing operation due to PI missing or false alarm of PI.

Proposal 3: When both PI and flushing CBGI are available for a preempted transmission, the user could handle its buffer based on PI and utilize flushing CBGI for a double check. 

Table 1 UE behaviours with different configurations

(PI: pre-emption indication; CBGI: CBG indication)

	
	PI: OFF

Flushing CBGI: OFF
	PI: ON

Flushing CBGI: OFF
	PI: OFF

Flushing CBGI: ON
	PI: ON

Flushing CBGI: ON

	UEs with TB-based re-tx mode
	· Expect TB-based initial rx/ TB-basd re-tx

-----------------------
	· Expect TB-based initial rx/ TB-basd re-tx

· Expect TB-based subsequent tx 

-----------------------

· Flush corrupted signal based PI
	N/A
	N/A

	UEs with CBG-based re-tx mode
	· Expect TB-based initial rx/ CBG-based re-tx with normal CBGI

-----------------------
	· Expect TB-based initial rx/ CBG-basd re-tx with normal CBGI

· Expect TB-based subsequent tx 

· Expect CBG-based subsequent tx with normal CBGI

-----------------------

· Flush corrupted signal based PI
	· Expect TB-based initial rx/ CBG-basd re-tx with normal CBGI

· Expect CBG-based subsequent tx with flushing CBGI

-----------------------

· Flush corrupted signal based flushing CBGI
	· Expect TB-based initial rx/ CBG-basd re-tx with normal CBGI

· Expect CBG-based subsequent tx with flushing CBGI

-----------------------

· Flush corrupted signal based PI

· Utilize flushing CBGI to double check PI in case of PI miss/false alarm/error


When CBGI indicating transmitted CBGs and the flushing CBGI both are configured, there are two ways to be considered for carrying CBGI indicating transmitted CBGs and the flushing CBGI in one DCI, such as separated indication by two bitmaps and joint indication of them. Table 2 shows the bit number needed by these two methods. ‘Joint indication’ needs fewer bits than ‘separated indication’ does. Here, the max CBGs per TB is assumed to be 4. 

Table 2 Bit number for CBGI indicating transmitted CBGs and flushed CBGs
	
	Separated indication: Bitmap
	Joint indication

	CBGs of a TB
	Indicated statuses
	Bits for normal CBGI
	Bits for flushing CBGI
	Max bits for CBGI
	Indicated statuses
	Max bits for CBGI

	1
	1 for transmitted

2 for flushed
	0
	1
	1
	2
	1

	2
	3 for transmitted

4 for flushed
	2
	2
	4
	8
	3

	3
	7 for transmitted

8 for flushed
	3
	3
	6
	26
	5

	4
	15 for transmitted

16 for flushed
	4
	4
	8
	80
	7


4 CBG mapping in line with single OFDM symbol
Another issue of CBG-based retransmission for DL multiplexing of eMBB and URLLC is the discussion on CBG mapping in line with signal OFDM. One possible advantage may be aligning CB/CBG(s) with OFDM(s) is helpful to reduce the ratio of impacted CBGs to transmitted CBGs. However, as shown in [3], obvious BLER performance loss could be observed if mapping CB/CBG in line with single OFDM symbol. CBG division in line with a signal OFDM symbol should not be mandatory unless one of candidate solutions is proved to be able to provide obvious performance gain. Further studies and evaluations must be necessary in this discussion.
5 Conclusion
In this contribution, we provide our view on CBG-based transmission/retransmission for DL multiplexing of eMBB and URLLC and have the following proposals:
Proposal 1: CBG-based subsequent transmission can be scheduled if CBG-based retransmission is configured; TB-based subsequent transmission can be scheduled if CBG-based retransmission is not configured.
Proposal 2: Both the preemption indication and flushing CBGI can be configured for a UE.
Proposal 3: When both PI and flushing CBGI are available for a preempted transmission, the user could handle its buffer based on PI and utilize flushing CBGI for a double check.
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