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1
Introduction
In RAN#71, a new Work Item on L2 latency reduction techniques for LTE was approved [1], and one of the objectives was as follow:
	· Further discussion and, if concluded, introduction of feedback for SPS activation, reactivation and deactivation command


In this contribution, we will provide some analysis on whether an acknowledgement is needed for SPS activation/ reactivation and deactivation.
2
Discussion
2.1
SPS activation/reactivation
In the Latency Reduction SI [2], it was discussed to use SPS scheme with shorter period for fast uplink transmission. But one drawback of this scheme is that UE has to transmit MAC PDUs on the pre-allocated resources even if there is no available data for transmission, which will unnecessary increase the uplink interference and the power consumption. So in [3], it was proposed that the UE will skip the UL grants in case there is no available data to transmit, as shown in Figure1. 
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Figure 1: UL grant skipping

SPS activation/reactivation command is used to allocate PUSCH resources for a rather long duration, so some companies think it is beneficial to timely synchronize the SPS activation/reactivation status between eNB and UE by supporting the acknowledgement for the SPS activation/reactivation command [3] when the UE has no available data for transmission. This is so-called acknowledgement based solution. In comparison, the solution without acknowledgement for SPS activation/reactivation command when the UE has no available data for transmission is so-called acknowledgement free solution. Some Pro’s and Con’s for these two solutions were captured in TR 36.881[3].
In the current specifications, the UE will not provide any acknowledgement for the SPS activation/reactivation command. Therefore, we think the acknowledgement free solution should be considered as the baseline. In the following sections, we will focus the analysis on the Con’s of the acknowledgement free solution that captured in TR 36.881[3] and see whether there is any real problem.
Analysis on Con’s #1: Increased PDCCH aggregation level may need to be used which increases the PDCCH resource usage
As indicated in Table 1 in the Annex of [4], the PDCCH loss ratio is about 10-2, which is already a rare case. To further improve the robustness of SPS activation/reactivation command, the PDCCH aggregation level (AL) could be increased. We assume that if the AL is increased with one more level, the PDCCH loss ratio will be decreased to 10-4, which means the PDCCH loss is negligible.
Table 1: PDCCH and PHICH performance
	Event
	Target quality

	DL scheduling information miss detection
	(10-2)

	UL scheduling grant miss detection
	(10-2)

	NACK to ACK error (for UL-SCH)
	(10-4 – 10-3)

	ACK to NACK error (for UL-SCH)
	(10-4 – 10-3)


Table 2: PUCCH performance
	Event
	Target quality

	ACK miss detection (for DL-SCH)
	(10-2)

	DTX to ACK error (for DL-SCH)
	(10-2 – 10-1)

	NACK to ACK error (for DL-SCH)
	(10-4 – 10-3)

	CQI block error rate
	FFS (10-2 – 10-1)


In our understanding, the increased PDCCH AL will not significantly increase the PDCCH resource usage, because 1) SPS activation/reactivation command is used to pre-allocate PUSCH resources for a rather long duration (e.g. several hundred of milliseconds), the additional PDCCH resource usage due to increased PDCCH AL is quite small from the whole system perspective; 2) use of SPS based pre-scheduling already significantly reduced the PDCCH resource usage compared to dynamic scheduling.  
Analysis on Con’s #2: SPS resources may be unused until a SR procedure has been initiated by the UE missing the PDCCH

Based on the above analysis, the probability of PDCCH loss is quite low, hence it is unlikely the SPS resources will be unused for any UE. On the other hand, as analyzed in [5], the SPS resource waste problem is quite serious after the introduction of 1ms SPS period. It is unreasonable to only optimize the unserious SPS resource waste due to PDCCH loss but not to optimize the serious SPS resource waste due to 1ms SPS period.
In contrast, for the acknowledgement based solution, the acknowledgement will increase UE power consumption and UL interference. In addition, the acknowledgement itself will introduce another uncertainty because of PUSCH/PUCCH loss. For example, if acknowledgement on PUCCH is considered, then both DTX->ACK error and NACK->ACK error (the probability is indicated in Table 2) will cause the same problem of PDCCH loss for the acknowledgement free solution. 
Proposal 1: For SPS activation/reactivation, the UE doesn’t provide any acknowledgement if there is no available data to transmit.
2.2
SPS deactivation
Same as SPS activation/reactivation, there are two potential solutions, i.e. acknowledgement based solution and acknowledgement free solution. Some Pro’s and Con’s for these two solutions were captured in TR 36.881[3].
In the current specifications, the UE will not provide any acknowledgement for the SPS deactivation command. Therefore, we think the acknowledgement free solution should be considered as the baseline. In the following sections, we will focus the analysis on the Con’s of the acknowledgement free solution that captured in TR 36.881[3] and see whether there is any real problem.
Analysis on Con’s #1: SPS deactivation on PDCCH may need repetition to have robust SPS resource release

Based on the analysis in section 2.1, by increasing the PDCCH AL or repeating the PDCCH,  the probability of PDCCH loss for SPS deactivation will be quite low. At the same time, it will not significantly increase the PDCCH resource usage.
Analysis on Con’s #2:
SPS resources are not released after release indication and are only detected at first periodic grant allocation opportunity after the release signalling time instance.

Based on the analysis in section 2.1, the probability of PDCCH loss for SPS deactivation is quite low. From this perspective, this is no significant problem if the eNB always assumes that the SPS resources are already released. 
Same as SPS activation/reactivation, for SPS deactivation, the acknowledgement of the acknowledgement based solution will increase the UE power consumption and the UL interference. In addition, the acknowledgement itself will introduce another uncertainty because of PUSCH/PUCCH loss.
Proposal 2: For SPS deactivation, the UE doesn’t provide any acknowledgement.

3

Conclusion

In this contribution, we provided some analysis on the necessity of feedback for SPS activation/deactivation command after the introduction of uplink grants skipping, and we have the following proposals:
Proposal 1: For SPS activation/reactivation, the UE doesn’t provide any acknowledgement if there is no available data to transmit.

Proposal 2: For SPS deactivation, the UE doesn’t provide any acknowledgement.
4
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