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1. Introduction

First, to get us in the spirit of CBG DCI signaling considerations, let us reflect on the results of the last two meetings.

At the RAN1 #88bis meeting, the following agreements were made regarding CBG-based (re)-transmissions [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
Agreements:
· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.

· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.

Agreements:
· For grouping CB(s) into CBG(s), the following options can be considered.
· Option 1: With configured 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 configured number of CBGs

· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.

· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.

· 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
Agreements:
· HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers is supported.
· FFS: in case of CBG-based re-transmission.

And as you might expect, the offline discussions in the halls of the hotel in Hangzhou yielded results as well: [2]
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 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 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

Agreements:
· At least following is supported.
· For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.

· The difference of CB number per CBG between any two CBGs is either 0 or 1.

· FFS on the detailed rule for the CB grouping.

· Study further benefit and realization of non-uniform CB distribution across CBGs.

In this contribution we provide our views on what sort of downlink control signaling is needed to support CBG-based (re)transmission. 
2. DCI for (DL) Puncturing Indication and Corresponding UE Behavior   
First, we address the issues of the Puncturing Indication (PI), and it may seem repetitive to say so, but we are .  It's configurable and transmitted on a PDCCH, according to what we've previously agreed.  The puncturing indication obviously needs to be able to communicate to a UE what resources where impacted by prioritized transmissions. Therefore the following should be signaled in the PI:

· Timing of resources impacted.  This can be signaled in the following various ways, upon configuration by gNB:
· If the PI is in the same slot as the corresponding puncturing the starting slot time can be implicitly indicated by the DCI. 
· A fixed delay between the PI and the affected slot may be configured.

· Finally, one can include a timing reference in the DCI, and an indication of affected areas via a bitmap.
The UE behavior can be described as follows: The impacted UE should monitor the control channel for indication of the mini-slot transmission, i.e. the puncturing indication.  With knowledge of the puncturing indication the UE would flush the buffer corresponding to the impacted data or, equivalently, assign a likelihood of "0" to those impacted resources for the purposes of decoding.
Proposal 1:  Adopt the options mentioned for defining PI behavior
3. Signaling timing for DCI supporting CBG based HARQ
Consideration of this subject may be motivated by reference to Figure 1
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Figure 1 Signal flow for CBG based HARQ (repeated pre-A/N transmissions can happen after any 2 time units after receipt of a PDSC
We assume there may be a time delay 0 between the DL grant and the corresponding DL transmission and a delay 1 between the reception of DL data and the corresponding HARQ ACK for the codeblock, which would initially be transmitted as  EQ \i\su(k = 1,n ,Cb(k))  and on subsequent retransmissions as  EQ \i\su(k = 1,nrepeat(k), Cb(lj(k)))  where j(k) denotes the particular set of nrepeat(k) codeblocks retransmitted on the j-th  retransmission . (We have taken some obvious notational license in the figure.)  As with LTE, we stipulate that 0 may in fact be zero.  We assume, in the absence of any signalling to configure retransmission prior to A/N reception that there is no A/N reception.
Furthermore, we assume that if there is configuration or some other instantiating of retransmission prior to A/N transmission there is a delay 2 between the time that the a PDSCH transmission is enabled and a DL grant indication that an "A/N-less" retransmission will be transmitted. Clearly 2 needs to be made known to the UE; this can be done via RRC configuration, or signalled via MAC signalling, etc. 
Proposal 2: Signalling mechanisms to transmit 0, 1, and 2 or their equivalents should be specified. 
Finally, let us consider the interaction of the PI with the above mechanisms, which we depict in Figure 2.
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Figure 2 Signalling relationships with PI

If the PI is received by the UE in slot , there is indicated a duration  which is the delay between the punctured PDSCH (mini)slot(s) and the PI reception, as well as the (mini)slot(s) affected.   As one can see from the figure, there follows this PI (on the PDCCH) with a DL grant and "A/N-less retransmission" (labelled "Pre-A/N retransmission" in the figure.)

Clearly there would be a benefit if the PI, transmitted on the PDCCH, also contained information relevant to the DL grant (although not the DL grant itself.) One approach may be a pointer to the DL grant to save blind decodes.  Another approach may be to have a signalled timing reference between the PI and the next DL grant.  Hence:
Proposal 3: Timing relationships between  and DL grants should be specified. 

4. Conclusions
Here are again, our proposals:
Proposal 1:  Adopt the options mentioned for defining PI behavior.

Proposal 2: Signalling mechanisms to transmit 0, 1, and 2 or their equivalents should be specified. 
Proposal 3: Timing relationships between  and DL grants should be specified. 
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