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1. Introduction
In RAN#71 meeting, new WI on LR latency reduction [1] for LTE was approved, and it continues the work on L2 solutions studied in SI,  short SPS interval and skipping UL transmission.

About the skipping UL transmission in case of SPS, there was no conclusion on the benefit to acknowledge the activation/deactivation SPS command. This contribution gives our consideration on the necessity on the feedback for SPS command. 

2. Discussion
2.1. Necessity

[image: image1.emf]1. RRC: configure SPS, 

Enable skip UL Tx

2.PDCCH: SPS (re-)activation

UL Data arrival

3. PUSCH: UL Data Tx

4. PDCCH: SPS deactivation

UE eNB

Skipped Tx oppertunity Used Tx oppertunity


Figure-1 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 deactivate the SPS resource via PDCCH command.

One problem brought by skipping UL transmission is that eNB can’t distinguish the PDCCH missing from skipping UL transmission. Here we analyze the issue for SPS activation and SPS deactivation, respectively.

· SPS (re-)activation

In legacy, UE will transmit UL data at every SPS occasion, then eNB would know whether the PDCCH is successfully received or not. However, with skipping UL transmission, there would be four cases as below:

1) PDCCH (re-)activation is received, and UE transmits data at the first available SPS occasion;

2) PDCCH (re-)activation is received, and UE skips UL transmission at the first available SPS occasion if no UL data;

3) PDCCH (re-)activation is missing, and UE has no UL data to be transmitted;

4) PDCCH (re-)activation is missing, and UE has UL data to be transmitted.

eNB can’t distinguish 2), 3), 4) cases.  Especially in situation 4), UE may have to start D-SR procedure to request new dynamic UL grant, and does not enjoy the benefit on the UL latency reduction, meanwhile, eNB is not aware of it and the allocated resource is wasted. 

Observation 1: For SPS, it would be necessary for eNB to know whether the SPS (re-)activation command are successfully received by UE or not.

There may be some potential solutions to solve this problem:
· S1: UE should not skip the UL transmission in the first available SPS occasion upon receiving the PDCCH command.  

UL transmission in the first available SPS occasion is regarded as the feedback of the PDCCH command reception, and eNB can aware of the PDCCH missing issue according to it.

The drawback is that for the first available SPS transmission cannot be avoided, and it is not good for UE power and UL interference.

· S2: eNB retransmits the PDCCH command  if no any transmission in some time.
It is a kind of eNB implementation. After eNB transmit the PDCCH command, if eNB donot receives any UL data on the allocated SPS resource for some time (e.g. T = N times SPS occasion), eNB retransmits the PDCCH command. 

The drawback is that during eNB waiting time T, the resource for UL latency reduction is wasted. 

· S3: eNB (re-)activates the SPS resource via MAC CE.
It means a new MAC CE should be added in downlink, to (re-)activate the UL SPS resource. With this method, HARQ ACK/NACK will be feedback to eNB by UE, then eNB would distinguish the (re-)activation command missing from omitting the UL data. However, this method needs more specification work.

Since MAC CE has the A/N feedback, if the SPS activation command is transmitted via MAC CE, eNB can be aware whether the command is lost by the A/N feedback. 

The drawback is that the current PDCCCH for SPS (re-)activation cannot be reused, and some new mechanism should be designed. 

· S4: A/N feedback for PDCCH command (SPS activation) is introduced.
Currently, there is no A/N feedback for the PDCCH of SPS (re-)activation. Introducing A/N feedback can help eNB to learn PDCCH missing.

The drawback is that the A/N design is out of RAN2 scope, and the feasibility should be studied to RAN1.
Comparing the solutions, considering the spec impact and the impact on latency and resource efficiency, we think S1 should be further studied in RAN2, and for S4, due to it is in RAN1 scope, maybe we can consult RAN1on the feasibility.

Proposal 1: UE should not skip the UL transmission in the first available SPS occasion upon receiving the PDCCH command.  
· SPS deactivation

In legacy, there is no any SPS transmission upon receiving SPS deactivation command, and there is no A/N feedback for UL SPS release command. If the SPS deactivation command missing, UE will continue transmit UL data on the SPS resource, and eNB can realize the command missing issue and retransmit the command to deactivate the UL SPS again. 

But in case of skipping UL transmission, it is difficult for eNB to distinguish the PDCCH (i.e. SPS release command) missing and no UL transmission. And there are three cases:

1) PDCCH deactivation command is received, and UE stops transmitting;

2) PDCCH deactivation command is missing, and UE skips UL transmission if no UL data;

3) PDCCH deactivation command is missing, and UE continues to transmit data on SPS resource.

It can be seen that eNB can’t distinguish case 1) from 2). For case 2) a potential harm is UE will transmit data on SPS resource and make interference to other UE when there is UL data again.
Observation 2: For SPS, it would be necessary for eNB to know whether the SPS deactivation command are successfully received by UE or not.
Similar with SPS (re-)activation we stated above, the following potential solutions are given:

· S1: UE is required to transmit UL data on the next SPS occasion upon receiving the PDCCH command.
Upon receiving the SPS deactivation command, UE should regard the next SPS resource as a available resource and perform UL transmission on that. The data transmission is like a kind of feedback for the PDCCH command, and eNB can be aware of the PDCCH missing by it. 

The drawback is that the actual SPS occasion is extended after receiving SPS deactivation command, and it will bring some change for SPS. 

· S2: eNB deactivates the SPS resource via MAC CE.
Similar with (re-)activation case, with this method, HARQ ACK/NACK used for eNB to distinguish the two cases. And the drawback is that the current PDCCCH for SPS deactivation cannot be reused, and some new mechanism should be designed. 

· S3: A/N feedback for PDCCH command (SPS deactivation) is introduced.
Currently, there is no A/N feedback for the PDCCH of UL SPS deactivation. Introducing A/N feedback can help eNB to learn PDCCH missing.

The drawback is that the A/N design is out of RAN2 scope, and the feasibility should be studied to RAN1.
Comparing the solutions, considering the spec impact and the impact on latency and resource efficiency, we think S1 should be further studied in RAN2, and for S3, due to it is in RAN1 scope, maybe we can consult RAN1on the feasibility.
Proposal 2: UE is required to transmit UL data on the next SPS occasion upon receiving the PDCCH command.
3. Conclusion
Based the analysis on various cases, it is proposed that:

Proposal 1: UE should not skip the UL transmission in the first available SPS occasion upon receiving the PDCCH command.  
Proposal 2: UE is required to transmit UL data on the next SPS occasion upon receiving the PDCCH command.
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