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1 Introduction

In RAN1#89 [1], following agreements were achieved for the CBG based retransmission: 
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.
Agreements:
· For downlink data transmission with CBG based (re)transmission,

· The number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission

· FFS whether or not the UE transmits HARQ ACK bits for CBGs not indicated or implied for transmission

· FFS “indicated or implied” is realized by RRC, MAC, L1 signalling, or implicitly derived

· FFS HARQ ACK feedback on one channel for the case of multiple TBs

· FFS for fallback 

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 

· FFS “indicated” is realized by RRC, MAC, L1 signalling

In the email discussion after RAN1 NR AH2 meeting, following agreements were achieved for the CBG based (re)transmission: 

Agreements:
· For DL CBG-based (re)transmission, when information on which CBG(s) is/are (re)transmitted is configured to be included in the DCI, the following options are considered for down-selection in RAN#90.

· Option 1. TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted 
· Option 2. There is separate 1-bit bit-field for TB-level NDI.
· Option 3. TB-level NDI can be differently interpreted according to whether all CBGs of a TB is transmitted.
In this contribution, some further considerations are discussed specifically for the DCI signaling aspects.  
2 Discussion
2.1 NDI

From the latest agreements, it seems that some companies think the TB-level NDI can be interpreted differently if not all CBGs of a TB are transmitted. The assumption seems that if not all CBGs of a TB are transmitted, it must be a retransmission so there is no need to indicate NDI in this case. An example is given below to show that it may cause confusion to the UE when pre-emption is followed by a subsequent transmission. 
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Figure 1 CBG based DL transmission with Option 3 NDI
When all DCIs in Figure 1 are received correctly, Option 3 works well but if DCI 2 is lost, the UE will assume DCI 3 is a duplicate of DCI 1 due to possibly lost UCI 1 at the gNB side and discard it. If a separate NDI can be indicated in DCI 3 too, the UE can detect the loss of DCI 2 and may use the LLRs of DCI 3 in the soft combining in the future. It can be observed that reinterpreted NDI will cause link performance degradation and possibly incorrect HARQ-Ack/Nack feedback too. 
Proposal 1: it is proposed to not support Option 3 of NDI. 
2.2 Transmission indication
For an initial transmission, there is no need to indicate per CBG transmission, all CBGs of the current TB must be transmitted. According to the agreements, the number of CBGs, N, is indicated so the UE can obtain all N CBGs if the DL transmission is successfully received. 
For a retransmission, normally only a subset of CBGs need to be retransmitted and occasionally all CBGs might need to be retransmitted. A bitmap-like field needs to be included in the DCI to indicate which CBGs are transmitted. In short, it can be concluded that the transmission indication only needs to indicate either initial transmission (including retransmission of all CBGs) or retransmission with not all CBGs included.
For retransmission with not all CBGs included, it can be further split into two cases; one is to retransmit exactly everything reported by the Ack/Nack feedback, called full retransmission below, and the other is to retransmit a subset of all missing CBGs, called partial retransmission below. Normally a TB of a number of CBs/CBGs is transmitted to a UE, the UE indicates with the Ack/Nack bits the incorrect CBs/CBGs and if all incorrect CBGs are retransmitted together, there is no need to indicate which CBGs are retransmitted as the UE has the full information which CBGs are expected to be received.

When multiplexed with other UEs, there might not be enough resources for all missing CBs/CBGs’ retransmission or possibly the channel quality dropped dramatically from the initial transmission, and in both cases, the gNB may select a subset to retransmit. When it happens, the gNB needs to indicate which missing CBGs are transmitted and which are not. A bitmap-like transmission indication can be considered. 

All the cases discussed above are summarized in Table 1 below. Two options are proposed for different considerations between signalling efficiency and transmission efficiency, Option 1 minimizes the signalling size and Option 2 minimizes the retransmission bandwidth. 
Table 1 Proposals for transmission indication
	
	Possible signaling options

	
	Option #1
	Option #2

	Initial transmission (including retransmission of all CBGs)
	“1”
	“1”

	Full retransmission
	“0” + T_Bitmap
	“01”

	Partial retransmission
	
	“00” + T_Bitmap


As shown in Table 1, to minimize the DCI size, it is proposed to include the transmission bitmap (T_Bitmap) only when necessary. It is assumed that the majority of transmissions will be initial transmissions or retransmissions of all CBGs. The average DCI size can be dramatically reduced if T_Bitmap is not included. Option #1 is proposed to include T_Bitmap only when a TB with not all CBGs is retransmitted and one additional bit is required to differentiate two different cases. 
According to the above discussion about “full retransmission”, Option #1 can be further improved to only include T_Bitmap for partial retransmission and two additional bits are required to differentiate three cases (see proposal #2 below).  
The benefit to have a separate indication for full retransmission is that it can support a retransmission according to the CBG based HARQ-Ack/Nack and the retransmission can be done with whatever granularity achieved by the CBG based HARQ-Ack/Nack and a number of proposals are detailed in our companion contributions [2] and [3]. 

An example is given in Figure 2 below with signaling Option #2 in Table 1. A full retransmission is scheduled in DCI 1, there is no need to indicate which specific CBGs are retransmitted since there is gNB-UE common understanding on HARQ-Ack/Nack and the same granularity (might be smaller than a CBG) used by the HARQ-Ack/Nack in UCI 0 can be used. This full retransmission option can potentially improve the retransmission efficiency. A full retransmission can be scheduled after an Ack/Nack feedback is received for an initial transmission. 
When pre-emption for URLLC multiplexing happens, the gNB may schedule a subset of CBGs to the UE before the Ack/Nack is produced within the UE, a transmission indicator with T_Bitmap gives the gNB full flexibility to transmit only those impacted by the pre-emption. Soft combining can be used for those LLRs not impacted by a pre-emption indicated by the resource-based pre-emption indication. It is also applicable when there are not enough resources for a full retransmission and a partial retransmission is scheduled. 
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Figure 2 An example of transmission indication
Proposal 2: it is proposed to avoid bitmap-like transmission indication for initial transmission (including retransmission of all CBGs of a TB) and full retransmission (everything in the HARQ-Ack/Nack report retransmitted). 
2.3 Buffer indication
When the resource based pre-emption indication is not configured, the gNB may indicate in the DCI if each CBG is impacted or not by the pre-emption, i.e., buffer indication, and for those CBG(s) impacted by the pre-emption, corresponding buffer(s) need(s) to be flushed. When the resource based pre-emption indication is configured, this indication is not required and the buffers can be flushed according to the indicated pre-empted resources. 
Even when URLLC multiplexing is configured, it is still expected pre-emption does not happen in most slots as URLLC packets arrive in sporadically. For many incorrect CBGs not due to pre-emption, the buffers should not be flushed. Even when a pre-emption happens in an eMBB slot, quite possibly only the CBGs impacted by pre-emption are incorrect and all others are correct. In such a case, the gNB only needs to indicate to flush all buffers of transmitted CBGs rather than to indicate per CBG. 
Observation 1: it is observed that very often there is no need to flush the soft buffers due to sporadical pre-emption and with pre-emption happened, very often all buffers of retransmitted CBGs need to be flushed. 
Table 2 Proposals for buffer indication

	
	Signaling Proposals

	
	Proposal #1
	Proposal #2

	No flush
	“0”
	“0”

	Flush all buffers of transmitted CBGs
	“10”
	“1”

	Flush some (not all) buffers of transmitted CBGs
	“11” + B_Bitmap (Buffer Bitmap)
	


The signalling for buffer indication consists of a prefix and a buffer bitmap, B_Bitmap, the smallest signalling is allocated to the most frequent case (no flush) and the biggest signalling is allocated to the most infrequent case (flush some - not all - buffers) which is supposed to minimize the DCI size in average. 
By giving up the flexibility of per CBG buffer indication, the proposed signaling can be further simplified by supporting indication only between flushing everything and flushing nothing.  
Proposal 3: it is proposed to avoid per CBG buffer indication unless significant benefit is verified. 
2.4 HARQ-Ack/Nack feedback indication
Whether the Ack/Nack bit of a CBG not indicated for transmission should be transmitted or not is still open for discussion. Ack/Nack bits for CBGs not indicated for transmission should be transmitted if their feedback is expected at the gNB side otherwise no Ack/Nack transmission is required. However, only the gNB knows whose feedback is expected. A separate indicator can be used to indicate to UE if an Ack/Nack bit is required or not per CBG not indicated for transmission. It is only applicable for partial retransmission and, by default, Ack/Nack bits are required only for transmitted CBGs with initial transmission and full retransmission in Table 1.
The new T_Bitmap of Figure 1 example is given in table below:

	CBG0
	CBG1
	CBG2

	0 0 (Ack/Nack bit not required)
	1
	0 0 (Ack/Nack bit not required)


The new T_Bitmap of Figure 2 example is given in table below: 

	CBG0
	CBG1
	CBG2

	0 1 (Ack/Nack bit required)
	1
	1


Proposal 4: it is proposed to include an additional indicator within the transmission indicator to indicate if an Ack/Nack bit is required for each CBG not indicated for transmission. 
An example can be found in Figure 3 below. It is indicated in DCI 1 that no Ack/Nack feedback is required for the two CBGs not indicated for transmission, so only one Ack bit is transmitted for CBG1 in UCI 1. Also, it is indicated in DCI3 that Ack/Nack feedback is required for CBG0 so 3 Ack bits are transmitted in UCI 2. 
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Figure 3 Transmission indication with feedback indication
3 Conclusions
In this contribution, signaling aspects of the CBG based retransmission were discussed and several signaling designs were proposed for transmission indication, buffer indication and an additional indication for HARQ-Ack/Nack feedback. 
Based on above discussions, we have the following proposals and observation: 

Proposal 1: it is proposed to not support Option 3 of NDI. 
Proposal 2: it is proposed to avoid bitmap-like transmission indication for initial transmission (including retransmission of all CBGs of a TB) and full retransmission (everything in the HARQ-Ack/Nack report retransmitted). 
Observation 1: it is observed that very often there is no need to flush the soft buffers due to sporadical pre-emption and with pre-emption happened, very often all buffers of retransmitted CBGs need to be flushed. 
Proposal 3: it is proposed to avoid per CBG buffer indication unless significant benefit is verified. 
Proposal 4: it is proposed to include an additional indicator within the transmission indicator to indicate if an Ack/Nack bit is required for each CBG not indicated for transmission. 
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