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1 Background
In RAN1#101-e, the issue of early termination with multi-TB was briefly discussed, with the following conclusion [1]:
[101-e-LTE-eMTC5-Multi-TB-03] – Johan (Ericsson)
Potential corrections on the following issues by by 5/29 and corresponding TP (if any) by 6/5 
· Discuss Proposal 6 (on DCI size alignment in TDD) in R1-2004696 and produce a TP if necessary
· Discuss Issue #7 (on UL early termination) in R1-2004696 and produce a TP if necessary
Decision: No consensus to make any specification change. If there is some need for a correction or clarification, postpone the discussion to next meeting.


In this contribution, we analyze issues with the current specification text, and propose potential solutions to correctly specify early termination for multi-TB scheduling.

2 Issues with current specification
Current TS 36.213 specifies early termination as follows:

Explicit feedback:
A BL/CE UE configured with mpdcch-UL-HARQ-ACK-FeedbackConfig shall upon detection on a given serving cell of an MPDCCH with DCI format 6-0A/6-0B intended for the UE in the UE-specific search space indicating HARQ-ACK corresponding to a transport block associated to a HARQ process in the most recent PUSCH transmission with N>1, drop the remaining PUSCH transmission(s) (if any) corresponding to the transport block no later than subframe n+k, where [..]

In the case of explicit feedback, the issue is that the feedback is limited to a single HARQ process / transport block. 
Observation 1: The current specification for early termination with “explicit feedback” does not capture the case of multiple TBs, since it mentions that the HARQ-ACK is for a “transport block associated to a HARQ process”.



Implicit feedback (comments added in red):
For a BL/CE UE configured with mpdcch-UL-HARQ-ACK-FeedbackConfig, if the UE detects a first MPDCCH with DCI format 6-0A/6-0B intended for the UE scheduling PUSCH in subframes , and if the UE detects a second MPDCCH with DCI format 6-0A/6-0B intended for the UE scheduling PUSCH in subframes  with , where
-	the HARQ ID indicated in the second MPDCCH is different from the HARQ ID indicated in the first MPDCCH or the NDI indicated in the second MPDCCH is toggled with respect to the NDI indicated in the first MPDCCH, and <This bullet captures “different TB” rule, i.e., the early termination is only valid if the 2nd DCI schedules a different TB from the 1st DCI>
-	the first subframe  in which the second MPDCCH is transmitted meets  and  <This bullet captures “timing” rule, i.e., the MPDCCH reception has to be after the eNB received the TB>
-	for FDD, k = 4, 
-	for TDD the value of k is given in Table 8-2 for the corresponding TDD UL/DL configuration; If the value of k is not given in Table 8-2 for subframe n, denote subframe n' as the first downlink/special subframe which has a value in Table 8-2 after subframe n, and substitute n with n' in the above procedure
the UE shall 
-	drop the remaining PUSCH transmission(s) of the transport block scheduled by the first MPDCCH starting from subframe , where , and
-	deliver HARQ-ACK feedback corresponding to the transport block scheduled by the first MPDCCH to higher layers, and
-	transmit the PUSCH scheduled by the second MPDCCH in subframes 

In this case, the issue is more complicated:
· As in the explicit feedback case, the specification refers to “the transport block” instead of multiple transport blocks.

· The implicit feedback is based on a set of rules to determine if this is indeed HARQ-ACK or not. One of the rules is that the first PUSCH and the second PUSCH should correspond to different TBs (i.e., different HARQ ID or different NDI). In the case of multiple TBs, we have multiple HARQ IDs and multiple NDIs, so this rule has to be updated.

· The timing rule may need to be updated to account for different starting subframe for different TBs.

Observation 2: The current specification for early termination with “implicit feedback” does not capture the case of multiple TBs due to:
	- Referring the rules to “the transport block” or “the HARQ ID” (instead of multiple)
	- The rule for “new TB” (i.e., different HARQ ID or NDI) may need to be updated.
	- The rule for “timing” may need to be updated to account for multiple TBs.

3 Correction for explicit feedback
For the case of explicit feedback, we propose a simple correction where the explicit HARQ-ACK acknowledges all the transport blocks. We would like to note that a more complicated rule could be applied where the HARQ-ACK is only for a subset of TBs (or HARQ processes). While we acknowledge the potential benefits of this approach, this “partial early termination” is more flexible if realized with implicit feedback, as will be explained in the next section..
Observation 3: “Partial early termination” (i.e., early termination of a subset of the TBs) can be realized with increased flexibility by “implicit feedback”.

The following TP provides an update to the explicit HARQ-ACK case to account for multiple TBs.
<TP1, TS 36.213>
[bookmark: _Toc415085486]8.0	UE procedure for transmitting the physical uplink shared channel
<Unchanged parts are omitted>
A BL/CE UE configured with mpdcch-UL-HARQ-ACK-FeedbackConfig shall upon detection on a given serving cell of an MPDCCH with DCI format 6-0A/6-0B intended for the UE in the UE-specific search space indicating HARQ-ACK corresponding to a transport block(s) associated to a HARQ process(es) in the most recent PUSCH transmission with N>1, drop the remaining PUSCH transmission(s) (if any) corresponding to the transport block(s) no later than subframe n+k, where
<Unchanged parts are omitted>
</TP1>
Proposal 1: For explicit HARQ-ACK feedback, the HARQ-ACK DCI acknowledges all the TBs in the most recent PUSCH transmission.
	- Endorse TP1 to capture this behavior in TS 36.213 

4 Correction for implicit feedback
The case of implicit feedback is a bit more cumbersome due to the multiple issues shown above. In general, we can follow two different directions:
· “Full HARQ-ACK”: The second DCI acknowledges all the TBs scheduled by the 1st DCI.
· “Partial HARQ-ACK”: The second DCI acknowledges a subset of the TBs scheduled by the 1st DCI.
Note that one advantage of realizing “Partial HARQ-ACK” with implicit feedback is that it allows the eNB to avoid resource fragmentation due to interleaving (i.e., if a TB is ACK’d, those resources can be used by a different TB after it is acknowledged). With explicit feedback, there would be resource fragmentation due to partial acknowledgement. With implicit feedback, a subset of the HARQ IDs are ACK’d, and the resource allocation in the 2nd DCI can be optimized to account for the remaining TBs.

In the following table, we summarize the impact of these two approaches, especially regarding the “timing” rules and “new TB” rules:
	
	Full HARQ-ACK
	Partial HARQ-ACK

	“Different TB” rule
	None of the TBs scheduled by the 2nd DCI are a retransmission of the TBs scheduled by the 1st DCI, i.e., for each HARQ ID in the 1st DCI, that HARQ ID is either not present in the 2nd DCI, or present with toggled NDI.
	The TBs are divided into two groups:
· “Not ACK’d TBs”: If the HARQ process is present in the 1st and 2nd DCI with the same NDI.
· “ACK’d TBs”: Othwerise

	“Timing” rule
	The 2nd MPDCCH is transmitted no earlier than , where  is the first subframe for the i-th scheduled TB (i.e., the eNB has already processed all the TBs.
	For the ACK’d TBs, the 2nd MPDCCH is transmitted no earlier than , (i.e., the eNB has already processed all the TBs that it is ACK’ing)



In the following figure we present an example for partial cancellation: eNB acknowledges TB1/3 and requests a retransmission of TB2/4.


Figure 1 Implementation of partial cancellation with new DCI

From our point of view, either of the options is acceptable, with the “Full HARQ-ACK” being simpler from specification perspective, but also more restrictive in use cases, and the “Partial HARQ-ACK” potentially allowing for increased power savings, but at the same time increasing the specification complexity. As an example, we provide a text proposal (in TP2) for the “Full HARQ-ACK” case
<TP2, TS 36.213>
8.0	UE procedure for transmitting the physical uplink shared channel
<Unchanged parts are omitted>

For a BL/CE UE configured with mpdcch-UL-HARQ-ACK-FeedbackConfig, if the UE detects a first MPDCCH with DCI format 6-0A/6-0B intended for the UE scheduling PUSCH in subframes , and if the UE detects a second MPDCCH with DCI format 6-0A/6-0B intended for the UE scheduling PUSCH in subframes  with , where
-	for each the HARQ ID i indicated in the second first MPDCCH, 
· either:
· the HARQ ID is not indicated in the second MPDCCH, or,
·  is different from the HARQ ID indicated in the first MPDCCH or the NDI indicated in the second MPDCCH for the corresponding HARQ ID is toggled with respect to the NDI indicated in the first MPDCCH, and
-	and, the first subframe  in which the second MPDCCH is transmitted meets , where  and is the first subframe in which the HARQ ID i is transmitted 
-	for FDD, k = 4, 
-	for TDD the value of k is given in Table 8-2 for the corresponding TDD UL/DL configuration; If the value of k is not given in Table 8-2 for subframe n, denote subframe n' as the first downlink/special subframe which has a value in Table 8-2 after subframe n, and substitute n with n' in the above procedure
the UE shall 
-	drop the remaining PUSCH transmission(s) of the transport block(s) scheduled by the first MPDCCH starting from subframe , where , and
-	deliver HARQ-ACK feedback corresponding to the transport block(s) scheduled by the first MPDCCH to higher layers, and
-	transmit the PUSCH scheduled by the second MPDCCH in subframes 
<Unchanged parts are omitted>
</TP2>


Proposal 2: RAN1 to discuss the functionality of “implicit HARQ-ACK feedback” among the following options:
· “Full HARQ-ACK”: The second DCI acknowledges all the TBs scheduled by the 1st DCI.
· Example TP provided in TP2.
· “Partial HARQ-ACK”: The second DCI acknowledges a subset of the TBs scheduled by the 1st DCI.

5 Summary of proposals
In this contribution we discussed some issues related to early termination of multiple TBs. We covered both cases of implicit and explicit feedback, as introduced in previous releases. We made the following observations and proposals:
Observation 1: The current specification for early termination with “explicit feedback” does not capture the case of multiple TBs, since it mentions that the HARQ-ACK is for a “transport block associated to a HARQ process”.

Observation 2: The current specification for early termination with “implicit feedback” does not capture the case of multiple TBs due to:
	- Referring the rules to “the transport block” or “the HARQ ID” (instead of multiple)
	- The rule for “new TB” (i.e., different HARQ ID or NDI) may need to be updated.
	- The rule for “timing” may need to be updated to account for multiple TBs.

Observation 3: “Partial early termination” (i.e., early termination of a subset of the TBs) can be realized with increased flexibility by “implicit feedback”.


Proposal 1: For explicit HARQ-ACK feedback, the HARQ-ACK DCI acknowledges all the TBs in the most recent PUSCH transmission.
	- Endorse TP1 to capture this behavior in TS 36.213 


Proposal 2: RAN1 to discuss the functionality of “implicit HARQ-ACK feedback” among the following options:
· “Full HARQ-ACK”: The second DCI acknowledges all the TBs scheduled by the 1st DCI.
· Example TP provided in TP2.
· “Partial HARQ-ACK”: The second DCI acknowledges a subset of the TBs scheduled by the 1st DCI.
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