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1 Introduction

In RAN2#91 latency reduction techniques for LTE have been discussed. For L2 enhancements the following agreements have been reached.  
	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 this contribution we continue the discussion and analyze further impacts on L2 of a solution based on these agreements. 
2 Discussion
2.1 Enhanced SPS for reduced latency
It had been identified to be beneficial for the UE to skip padding transmissions if there is no data available for transmission in the uplink buffer. Applying this scheme to Semi-persistent scheduling (SPS), shorter SPS intervals (1TTI) are configurable without introducing unnecessary UL interference or higher energy consumption of the UEs (see also [1]). 
A scheme like this allows fast UL access. A UE with such an SPS configuration can send data arriving in its UL buffer directly, without need to undergo the SR to UL grant period.

2.1.1 Grant response

The eNB needs to be sure that the UE received the SPS grant successfully and that potential UL transmissions might occur in the granted resources. In legacy SPS, this is ensured by the padding transmission on the SPS resources. Actually, this is however only required once, i.e. in the first SPS resource after receiving the SPS grant. With this feedback the eNB can already be sure that the SPS grant had been successfully received.
Observation 1 It is required that the eNB is informed of successful reception of the SPS grant by the UE.
Following the legacy SPS behaviour, we therefore propose to reuse a padding transmission on the granted resources to acknowledge the UL grant activating SPS resource. In case the UE is configured to skip padding if the UL buffer is empty, the UE sends padding once to acknowledge the grant.

Proposal 1 To acknowledge the SPS grant reception, the UE sends padding once, in the first granted UL resource activating SPS.
2.1.2 Explicit and implicit release

The eNB can indicate release of SPS resources on PDCCH. Also in this case the eNB requires feedback on whether this PDCCH transmission was successful. For legacy SPS in UL this feedback is implicit, i.e. since the UE stops UL (padding) transmissions once the SPS release is received. If padding is generally skipped if no data is available, the UE needs to explicitly indicate to the eNB that the SPS release was received successfully. As described before, this can also be achieved by a single padding transmission in the SPS resources before they are released.

Proposal 2 To acknowledge the SPS release reception, the UE sends padding once, in the last granted UL resource before releasing it.

For legacy SPS also implicit release behaviour is standardized: the SPS grant is implicitly released after a configured number of padding transmissions. The purpose of this is that SPS grants could be released once the buffer was empty for a certain number of transmission possibilities, considering that for the legacy long SPS-periods it was assumed that periodical data typically arrives within the SPS period. 
In principle this behaviour could be inherited, i.e. without the need for padding transmission if UL buffer is empty, the UE implicitly releases the grant after a configured number of SPS-granted TTIs without transmissions. This is for example beneficial when the new scheme is applied to periodic data, and somewhat longer (<20ms) SPS periods are assumed.

Observation 2 Support of implicit release is beneficial for SPS grant with skipped padding: release after configured number of unused grants allows legacy SPS benefits of implicit release, but avoiding padding.

An alternative would be to not couple the implicit release behaviour with number of empty transmission but rather to subframes/time, i.e. implicit release after a number of subframes. This could be used for example when a pre-scheduling function in the eNB is not exactly sure when data arrives in the UL buffer, in this case the eNB could provide the SPS-grant to the UE that lasts for some subframes/time. The UE can then use the grant immediately when the data is available.
Observation 3 Support of implicit release is beneficial for SPS grant with skipped padding: release after a certain time/number of TTIs allows more flexible pre-scheduling.

Same as for explicit SPS grant and release reception, also in case of implicit release, the UE should inform the eNB of the release, to avoid mismatch in UE and eNB that grant is still valid.

Proposal 3 To inform the eNB of implicit release of SPS grant, the UE sends padding once, in the last granted UL resource before releasing it.
2.1.3 Reduced SPS interval

SPS is configured for UL and DL separately in RRC. For UL the interval is e.g. configured by semiPersistSchedIntervalUL with possible values 10, 20, 32, 40, 64, 80, 128, 160, 320, 640 subframes, and 6 spare values exist. We should at least enable 1 subframe period as well to provide the possibility to send data arriving in the UL buffer as fast as possible, i.e. to reduce the latency. If TTI shortening is standardized, we should enable a period equivalent of 1 TTI for SPS.
2.1.4 SPS and dynamic grants

With SPS the UE may use the grant immediately for UL data transmission. If the UE does not have data to send it can be regarded to stay in an “inactive” or “silent” phase. When the UE has data it uses the SPS-grant and enters an “active” phase. Within this first access the UE also reports more outstanding data with a BSR. In the active phase, the eNB may replace the configured SPS grant with a dedicated dynamic grant, e.g. based on the BSR. The configured SPS grant can however be reused when the UE has no more UL data, and again enters the inactive phase. Thus we believe it is beneficial that the SPS grant may be overridden by a dedicated grant, but should remain valid in subsequent subframes. This is possible without further standard changes, also in the case the UE skips padding in case of SPS-grant.
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Figure 1. Fast UL grant mechanism. After receiving the SPS grant (blue) the UE replies with data or padding. Thereafter, unless the UE has data nothing is sent to eNodeB. When the configured grant has been used it can be replaced with a dedicated UL grant (black).

2.1.5 Implications of skipping padding in unused grants

In Rel-12, when the UE is configured with an SPS grant in UL, it is expected that the UE sends padding in each SPS-granted subframe, if there is no uplink data available. This is however not necessary, as long as the eNB can be sure that the UE received the SPS-activation grant (as explained in previous sections). 

The eNB does not know if the UE made a HARQ transmission on the UL resources or if the eNB was just not able to decode the UL transmission successfully. Therefore, a simple approach is that the eNB always sends NACK on PHICH in this case. The UE obviously doesn’t expect a HARQ ACK/NACK if no UL transmission was done, thus ignores the NACK in these cases. When the UE did an UL transmission however, it expects HARQ feedback from the eNB, which the eNB also sends, and based on that does a HARQ retransmission or not. We believe that this is the most straightforward approach. Other solutions, where the eNB does not send any reply when no UL transmission was detected/decoded, would leave the UE in uncertainty whether the UL transmission was successful. Neither a solution where the UE always retransmits nor never retransmits if no feedback was received seem beneficial for UL performance and overhead.

Observation 4 To handle uncertainty of success of potential UL transmission and ACK/NACK, eNB can simply send NACK also if no UL transmission was decoded, then UE applies legacy behaviour.

One issue with this approach is that the eNB does not know the redundancy version of the HARQ process that is (re-) transmitted by the UE, since the eNB sent always NACK, i.e. is not able to count the redundancy version (RV) based on NACKs. To avoid this issue, the UE could be configured to not increase the RV when using the SPS-configuration without padding transmissions.
2.2 Dynamic grant and no padding transmission
Pre-scheduling is an approach where the UL grant is continuously allocated to the UE even when the UE does not ask for uplink resources by sending SR and BSR. This reduces latency as well but has the shortcoming of an extensive overhead especially in PDCCH, compared to the SPS scheme above. 
Nevertheless, also pre-scheduling (based on dynamic grants) can benefit from skipping the padding transmission when there is no UL data in the buffer. As described above, an issue however arises that the eNB cannot be certain whether the UE successfully received the dynamic grant. The same approach as for SPS can be taken, i.e. the eNB always sends NACK if no UL transmission was decoded, and UE applies legacy behaviour. Also in this case, it may be beneficial that the UE does not increase the redundancy version for this kind of dynamic grant with skip padding, to avoid redundancy version mismatch in eNB.
Observation 5 Same behaviour to handle uncertainty of success of dynamic grant reception and UL transmission, in case of skipping padding, is assumed as for SPS and skipped padding.

With the option of skipping padding in dynamic grants, unnecessary UL interference is avoided. It is however still necessary that a smart (pre-) scheduler algorithm avoids extensive overhead on PDCCH (as compared to SPS with skipping padding).

Since the issuing of a SPS grant is a dynamic grant in itself, if skip padding is not setup for dynamic grants, the UE will automatically send padding as acknowledgement of the SPS grant, as discussed in 2.1.2.
3  Conclusion
Based on the discussion in the previous section we make the following observations and proposals:
Observation 1
It is required that the eNB is informed of successful reception of the SPS grant by the UE.
Observation 2
Support of implicit release is beneficial for SPS grant with skipped padding: release after configured number of unused grants allows legacy SPS benefits of implicit release, but avoiding padding.
Observation 3
Support of implicit release is beneficial for SPS grant with skipped padding: release after a certain time/number of TTIs allows more flexible pre-scheduling.
Observation 4
To handle uncertainty of success of potential UL transmission and ACK/NACK, eNB can simply send NACK also if no UL transmission was decoded, then UE applies legacy behaviour.
Observation 5
Same behaviour to handle uncertainty of success of dynamic grant reception and UL transmission, in case of skipping padding, is assumed as for SPS and skipped padding.


Proposal 1
To acknowledge the SPS grant reception, the UE sends padding once, in the first granted UL resource activating SPS.
Proposal 2
To acknowledge the SPS release reception, the UE sends padding once, in the last granted UL resource before releasing it.
Proposal 3
To inform the eNB of implicit release of SPS grant, the UE sends padding once, in the last granted UL resource before releasing it.
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