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1. Introduction

RAN2 has decided to release SPS resource explicitly through PDCCH. For SPS, unacknowledged release may be as harmful as false activation. This contribution further discussed the details of SPS release.

2. Discussion
For explicit release, RAN2 has decided that it is done by explicit PDCCH signalling. The synchronous release between eNB and UE is the key to prevent potential interference. More specifically, eNB could only reuse the SPS resource after the release of UE side is confirmed. If such order is violated, eNB may reassign the resource and result in interference. For UL SPS case, the UE keeps transmitting on revoked SPS resources and interferes with the transmission of current owner. For DL SPS case, the UE keeps receiving on the revoked SPS resources but can not decode the TB correctly since the data is for another UE. Nevertheless, corresponding NACK, which most probably will collide with the ACK/NACK of current owner, is transmitted.

It is concluded that there are two guidelines for SPS release: first, the UE should release the SPS resource before eNB; second, eNB should release the resource as soon as possible to increase bandwidth efficiency.

Similar to activation, the first step of SPS release is PDCCH signalling by eNB. This PDCCH shall include SPS C-RNTI, the exact codeword should be determined by RAN1. Then first issue is whether UE reply is necessary. For activation case, PDCCH with virtual CRC prevents the harmful false activation. Other error cases, like the activation is failed (SPS is not activated on the target UE), it is not a big concern since there is no potential interference. eNB can find out the failure activation at the coming SPS resource and can activate again, therefore, no reply is needed.

It is a different story for the release case, false release does not result in harmful interference and eNB can activate the SPS again if it wishes to do so. Therefore, failure release becomes the major concern. When or how fast eNB could reuse the resource relies on when eNB is confident that the SPS is released on the UE side.
Propose 1 Decide whether UE reply is required for SPS release.

Alt 1a. No UE reply is necessary.

Ideally, if eNB is confident about the PDCCH signalling, no UE reply is needed. eNB could reuse persistent resources right away. However, consider the reliability of PDCCH signalling, for UL case, eNB may have to wait and see nothing is sent by UE on the next SPS resources. For DL case, eNB may have to wait and see no corresponding ACK/NACK is sent by UE with respect to the next DL SPS resource. Therefore, it is beneficial (less delay) to have UE confirm the release before the next SPS resource.
Alt 1b. UE reply is necessary.

Upon successfully receiving the release command, UE shall deactivate the SPS allocation. UE further transmits a reply to eNB to confirm the deactivation. Finally, upon receiving the confirmation from UE, eNB release the SPS and reuse the resource. 
Propose 2 which form should UE use for reply.


Alt. 2a PUCCH ACK is used to reply the explicit release.
Contribution [2][3] use PUCCH ACK to do confirmation, to our understanding, those contributions did not mention the timing of UE reply. We believe the ACK should be sent at subframe n+4, where PDCCH is sent at subframe n, to prevent confusion with other HARQ processes. PUCCH ACK is error-prone, therefore, whether eNB should go ahead reuse the resource right away after receiving ACK is questionable.
Alt. 2b Special MAC CE is used to reply the explicit release.

To increase reliability, we could use a new MAC CE (SPS release confirmation or SPS RC) to acknowledge the PDCCH release. For example, UE could transmit its SPS C-RNTI. UE does not need to postpone SPS release for the HARQ process, it releases SPS right after the reception of PDCCH signalling.
Table 1 compares the delay and reliability of the two alternatives. Considering the reliability, the expected delay for MAC CE alternative is shorter than PUCCH statistically. Therefore, we prefer UE reply with MAC CE.
	
	Reliability
([4] Table B.1-1, H-2)
	Delay
	Implicit UL SPS release
	Implicit DL SPS release

	PUCCH ACK 
	10-1~10-2
	4ms
(possibility of failed release)
	eNB detects SPS release  implicitly
	UE detects N consecutive unused resources

	MAC CE
	10-3
	4ms
(possibility of retransmission)
	UE has the option to release explicitly
	UE detects N consecutive unused resources


Table 1 Comparison of PUCCH ACK and MAC CE
For UL SPS, MAC CE alternative also enables UE to initiate SPS release. Without PDCCH, UE could release the SPS after the MAC CE is successfully transmitted and eNB would release UL SPS after receive the SPS RC. If UE always transmits SPS RC after release, eNB does not require detecting SPS release implicitly.
In PDCCH release command, eNB should assign a UL grant at subframe n+4 for the SPS RC. For the activation case, the resource is specified as an index to a predefined table. Release PDCCH could share the same table, since UE may not need that much resource for the SPS RC, it could be predefined that UE only uses part of the SPS resources at subframe n+4. Therefore, we believe virtual CRC remains the same for PDCCH release. It is also possible for UE to transmit SPS RC earlier than the subframe n+4 if there is UL grant for new transmission.
If there is retransmission for the TB contains SPS RC, it may be found that the retransmission grant comes after the persistent resource. For DL SPS, eNB is not supposed to transmit anything at the persistent resource and simply wait for the HARQ process to finish. For UL SPS, UE has the option to transmit SPS RC again to decrease delay, however, we think the increased complexity makes this optimization unjustifiable. Therefore, we prefer the UE ignore the persistent resource (even the transmission buffer is not empty) and wait for the HARQ process to finish.
Propose 3 UE ignores the persistent resources before the HARQ process of the TB contains SPS RC finish.
3. Conclusion

We propose to use a new MAC CE, SPS release confirmation, to acknowledge the PDCCH SPS release. The alternative has better performance regarding reliability and delay.
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