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1. Introduction
In RAN2 #91bis meeting, skipping UL transmission was agreed as new mechanism in UL latency enhancement. 

	Agreements
1
It is beneficial to allow UEs to skip (most) dynamic and configured uplink transmissions if no data is available for transmission (the UE still sends the regular MAC CE, if any). The eNB may enable this by RRC dedicated signalling.


In last RAN2 meeting, To acknowledge the SPS grant reception or release (e.g. the UE sends padding once) was taken as an candidate approach for PDCCH missing issue with skipping UL transmission.
In this contribution, potential solutions for acknowledgement based approach are given and analyzed.
2. Discussion
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Figure-1 Acknowledgement based SPS procedure with skipping UL transmission
Figure-1 gives an example of SPS with skipping UL transmission: SPS and skipping UL transmission function are configured via RRC signalling; then SPS resource is activated by PDCCH command, and UE can transmit UL data on these SPS resource at SPS occasion (red and green point in Figure-1); UE skips the UL transmission if there is no data available in buffer (red point). Finally, eNB explicitly deactivates the SPS resource via PDCCH command.
Acknowledgement based approach(i.e. UE does not skip the first available SPS occasion after the PDCCH activation and deactivation command. Here we assume eNB  never releases the SPS resource before Ack of the PDCCH deactivation command is received.) ) is also shown by dash lines in Figure-1. UE acknowledges the successful reception of PDCCH activation/deactivation command at the nearest SPS occasion with UL data or padding while no UL data in buffer. As discussed in previous meetings, this kind of feedback has the benefit on making the eNB aware of PDCCH missing under the condition that skipping UL transmission is configured.

In the following part, we focus on analyzing the ACK based approach for SPS PDCCH procedure with skipping UL transmission configured.
There’re generally 4 cases for activation/deactivation command reception:

1) PDCCH command is received, and UE has data in buffer;

2) PDCCH command is received, and UE has no data in buffer;

3) PDCCH command is missing, and UE has data in buffer;

4) PDCCH command is missing, and UE has no data in buffer.
In case 1) and 2), acknowledgement would be sent after the PDCCH command is received by UE. 
· In case 1), the simplest way is sending UL data at the nearest SPS occasion as the acknowledgement according to the legacy UE behavior;

· In case 2), UE has to send padding PDU if ACK based approach is used;

In case 3) and 4), the PDCCH is missing, and there would be no ACK to eNB.

· For case 3), there is different UE behavior between SPS activation and deactivation:
· In activation, UE may have to trigger D-SR procedure to request new dynamic UL grant;
· In deactivation, UE will transmit UL data at the next SPS occasion.

· For case 4)

· In activation, no UL transmission is required;

· In deactivation, UE skips the UL transmission at next SPS occasion.
Table-1 and Table-2 give the summary of the four cases for activation/deactivation. 

Table-1 SPS activation with skipping UL transmission and ACK based approach

	
	UE has data in buffer
	UE has no data in buffer

	PDCCH received
	(case 1)UE sends UL data as ACK
	(case 2)UE sends padding as ACK

	PDCCH missing
	(case 3)UE sends D-SR
	(case 4)UE does nothing


Table-2 SPS deactivation with skipping UL transmission and ACK based approach

	
	UE has data in buffer
	UE has no data in buffer

	PDCCH received
	(case 1)UE sends UL data as ACK
	(case 2)UE sends padding as ACK

	PDCCH missing
	(case 3)UE sends UL data
	(case 4)UE skips UL transmission


From table-1, we can see that the UE’s behaviors are different in different case, from the UE’s behavior, eNB can decide whether the  PDCCH activation command has been received successfully. From table-2, we notice that the UE always send UL data when it has UL data to transmission, no matter  PDCCH deactivation command is received or not(show in red words in Table-2). That is to say, eNB cannot judge whether the SPS release operation is successful when it receives a UL data as the after sending   PDCCH activation command.
Observation: UE does not skip the first available SPS occasion(i.e. UE send UL data or padding while no UL data in buffer in the occasion) after the PDCCH deactivation command  is not enough for eNB to distinguish PDCCH reception from PDCCH missing.

To solve the problem, the following potential solutions are given:

· S1: UE sends padding PDU as ACK to PDCCH command.
Upon receiving the SPS deactivation command, UE should regard the next SPS resource as an available resource and perform padding transmission on it even if there is UL data in the buffer. Receiving padding from UE means the PDCCH is not missing. 

The drawback of this solution is that the UE behavior would be changed a lot, especially when there is data in UE buffer.  In legacy mechanism, UE should transmit data if buffer is not empty.
· S2: Introduce new MAC CE for PDCCH command.
In this method, UE will transmit new MAC CE within the UL transmission to acknowledge PDCCH command on the available SPS resource after PDCCH command is received. By that, eNB can easily distinguish the case of PDCCH reception from missing, even for the deactivation cases (case 1 and 3 in Table-2). 
The drawback of this method is we should introduce a new MAC CE and a new UL-SCH LCID into MAC specification.
· S3: L1 A/N feedback for PDCCH command is introduced.
Currently, there is no L1 A/N feedback for the PDCCH command of UL SPS, because the judgement on PDCCH reception can be easily made by eNB via UL data or padding transmission. However, the skipping UL transmission feature would make eNB confused, just as we stated in previous part. Therefore, introducing L1 A/N feedback can help eNB to learn PDCCH missing, a similar mechanism already exists in DL SPS deactivation in current specification.

However, L1 A/N design is out of RAN2 scope, and the feasibility should be studied in RAN1.
Comparing the solutions, considering the spec impact, we think S2 should be further studied in RAN2 and should be introduced if ACK based solution for SPS activation/deactivation command is agreed by RAN2, and for S3, due to it is in RAN1 scope, maybe we can consult RAN1on the feasibility.
Proposal: RAN2 to consider introducing new MAC CE to acknowledge the reception of  PDCCH activation /deactivation command for SPS while skip UL transmission with no data in buffer feature is active.
3. Conclusion
Based the analysis on various cases, it is observed that:

Observation: UE does not skip the first available SPS occasion(i.e. UE send UL data or padding while no UL data in buffer in the occasion) after the PDCCH deactivation command  is not enough for eNB to distinguish PDCCH reception from PDCCH missing.

According to the analysis of the solutions, it is proposed that:

Proposal: RAN2 to consider introducing new MAC CE to acknowledge the reception of  PDCCH activation /deactivation command for SPS while skip UL transmission with no data in buffer feature is active.
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