[bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting #92	R2-156756
Anehaim, USA, 16 November – 20 November, 2015	

Agenda Item	: 	7.10.1.1 (FS_LTE_LATRED)
Source	: 	LG Electronics Inc.
Title	:	Need for feedback of SPS activation/release
Document for	:	Discussion and Decision
1.	Introduction
In Study Item “Study on Latency reduction techniques for LTE” [RP-150465], it was agreed in RAN2#91 that: 
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.
2	A shorter SPS interval (1 TTI) should be supported

In RAN2#91bis, it was claimed that the feedback for UL SPS activation/release is required in order to let the eNB know whether the UE successfully receives UL SPS activation/release, i.e., ACK-based SPS. In this contribution, we further analyze the need for UL SPS feedback.

2.	Discussion
By allowing UE to skip uplink transmission if there is no data available for transmission, the eNB may not be able to know whether the UE successfully receives the PDCCH for SPS activation/release or not. Thus, it was proposed to send a feedback for SPS activation/release.
As we can assume 1% of loss rate for PDCCH, we basically don’t think the problematic case would happen frequently. If PDCCH is lost for some reason, the consequences are that:
· In case PDCCH for SPS activation is lost, the eNB considers the SPS resource is allocated to the UE while the UE has no allocated SPS resource, i.e., resource would be wasted. 
· In case PDCCH for SPS release is lost, the eNB considers the SPS resource is not allocated for that UE while the UE still uses that SPS resource, i.e., interference would be increased. 
With the feedback for SPS activation/release from the UE, the eNB can retransmit PDCCH for SPS activation/release based on the feedback so that resource waste due to SPS activation loss and interference due to SPS release loss would be lowered. However, this could also be achieved by eNB implementation without the feedback, i.e., the eNB retransmits PDCCH for SPS activation/release even without the feedback (ACK-less SPS). 
Observation 1. The eNB can retransmit PDCCH for SPS activation/release even without feedback.

One may argue that the benefit of ACK-based SPS is early detection of PDCCH loss. Currently, the SPS grants are initialized based on SFNstart time, subframestart time, Subframe_Offset and recur every SPS interval. This implies that the same SPS resource can only be allocated at next SPS interval. Then, early detection may not always lead to early retransmission of PDCCH.
Observation 2. Early detection may not always lead to early retransmission PDCCH for SPS activation/release.

In RAN2 #91bis, a couple of solutions were proposed for ACK-based SPS [2-4]. 
For example, it was proposed to send one padding MAC PDU in the first SPS grant after receiving the PDCCH for SPS activation [2-4]. Similarly, for SPS release, it was proposed to send one padding MAC PDU in the next SPS grant after receiving PDCCH for SPS release [4]. 
However, if a short SPS interval is configured, it may not be possible for the UE to generate a padding MAC PDU to be transmitted on the first SPS grant. For example, if SPS interval is 1 ms, the first SPS grant after SPS activation could be the very next subframe in case Subframe_Offset is 0. Then, the UE may not be ready to transmit the padding MAC PDU on the first SPS grant. 
As a short SPS interval is one of key feature to reduce latency, it seems undesirable to have a solution which wouldn’t work well with short SPS interval.
Observation 3. Sending padding MAC PDU as a feedback may not work well with short SPS interval.

In addition, we may further need to discuss the UE behavior when the UE successfully receives the PDCCH for SPS activation/release but UE doesn’t receive ACK feedback for the padding MAC PDU. This case happens when padding MAC PDU is lost on PUSCH or HARQ feedback of padding MAC PDU is lost on PHICH. 
If the UE does not receive ACK for padding PDU, what shall the UE do? Does the UE release SPS grant? Or does the UE assume that the padding PDU was successfully transmitted regardless of ACK is not received?
Moreover, the eNB behavior should be clearly defined. In the legacy, when the eNB transmits PDCCH for SPS activation/release, the eNB assumes that SPS is activated/released. However, with a feedback of padding MAC PDU, when does the eNB assume the SPS is activated in the UE? Does the eNB assume that SPS is activated at the time of PDCCH transmission? Or does the eNB assume that SPS is activated at the time of padding MAC PDU reception?
As the probability of PUSCH loss and PHICH loss are comparable to PDCCH loss, introducing padding MAC PDU requires additional UE and eNB behaviors, which would make this scheme more complex than ACK-less SPS.
Observation 4. ACK-based SPS requires additional UE/eNB behavior by considering PUSCH and PHICH loss, which would make ACK-based SPS more complex.

In [4], it was also proposed to send HARQ feedback for UL SPS activation/release as in DL SPS release. However, this would have an impact on RAN1, e.g., ACK/NACK transmission scheme. Currently, there are only two types of HARQ feedback defined in RAN1, i.e. HARQ feedback for DL SPS release and PDSCH transmission. If we introduce a new type of HARQ feedback, it would impact current ACK/NACK transmission scheme. This would not be a small impact.
Observation 5. RAN1 impact by introducing HARQ feedback for SPS activation/release may not be small. 

With above observations, ACK-based SPS would bring additional UE/eNB behavior while the gain/problem is not clear. Therefore, we propose:
Proposal. No new feedback mechanism is introduced for acknowledgement of UL SPS activation/release. 

3.	Conclusion
In this contribution, we analyzed whether a feedback for UL SPS activation/release is needed or not. With four observations, we propose not to introduce any new feedback mechanism for UL SPS activation/release.
Observation 1. The eNB can transmit PDCCH several times for SPS activation/release even without feedback.
Observation 2. Early detection may not lead to early retransmission PDCCH for SPS activation/release.
Observation 3. Sending one padding MAC PDU as a feedback may not work well with short SPS interval.
Observation 4. ACK-based SPS requires additional UE/eNB behavior by considering PUSCH and PHICH loss, which would make ACK-based SPS more complex.
Observation 5. RAN1 impact by sending HARQ feedback for SPS activation/release may not be small. 
Proposal. No new feedback mechanism is introduced for acknowledgement of UL SPS activation/release. 
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