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Introduction
In the study for Latency reduction SI, the work in RAN2 has concluded on protocol and signalling solutions for reducing user plane latency for scheduled UL transmission. Based on the RAN2 findings from this Study Item, a new WI has been defined [4]
Results from the Study are captured in TR 36.881; where protocol enhancements specifically concluded that an enhancement to SPS to allow for periodic UL grants every TTI (Fast UL) reduces the latency of the first UL transmission compared to legacy intervals. This results also in the WI objective of ‘Introduction of short SPS period to allow UL prescheduling’.
In this document we briefly analyze potential impact on the current specification and in [ref] provide a draft CR for implementing the changes required.
Note that the extent of protocol impact to support SPS on short TTI depends on RAN1 design and evaluation of feasible short TTI solutions. These aspects are not described further in this document.
L2 enhancements for reduced latency
RAN2 have considered it beneficial to allow UEs to skip UL transmissions on uplink grants if no data is available for transmission in the UE buffer. With frequent UL grants, decreased padding transmission may decrease UL interference and improve UE battery efficiency. In [1] we look into various aspects and solutions to introduce these enhancements.to current specifications.
Introduction of short SPS period to allow UL prescheduling
An enhancement to the SPS framework to allow for periodic UL grants in significantly shorter interval have been deemed beneficial as it may reduce the latency of the first UL transmission compared to legacy intervals. 
To exploit the gain from SPS specifically the eNB is likely to configure a short SPS interval, e.g. 1ms, or allocate dynamic UL grants in consecutive subframes (pre-scheduling period). 
The introduction of short SPS intervals to specification (coding, configuration) is straightforward. With the introduction of short intervals, there are although a few items to consider such as retransmission, DRX and CSI feedback.
DRX
Currently the UE DRX timers such as the InactivityTimer and the shortCycleTimer depend on the detection of UE’s x-RNTI on PDCCH and UL transmission. In occurrences of skipping an UL transmission, the UE behaviour needs to be clarified [1]. Supporting shorter SPS interval only on the other hand, should result in that the UE should be in Active Time, and handling of timers etc. is according to legacy behaviour.
No special handling to DRX is needed from shorter SPS intervals only.
Retransmissions
Currently, if there is an uplink grant configured, the UE cannot perform a non-adaptive retransmission. In case of configuring the UE with a 1sf (subframe) interval for the SPS configured grant interval, retransmissions thus always collide with a granted resource.
Example:
- A SPS interval is configured to 10sf. As a result of NACK on PHICH at n, the UE checks in n+8 if an UL grant has been indicated for this TTI. As there is no grant in this subframe (assuming no PDCCH received, and since this is no SPS granted occasion), the UE can perform a non-adaptive retransmission, as the HARQ buffer is not empty
- SPS interval of 8sf is configured. As a result of NACK on PHICH, the HARQ buffer is non-empty, but as the subframe n+8 has a grant (SPS granted occasion) a new transmission has to be triggered overriding the current HARQ buffer, i.e. discarding the previous, actually NACKed data.
With a 1sf SPS interval configuration (or less or equal 8sf), consequently, even if the UE finds a NACK on PHICH the UE is mandated use the process for new data unless the eNB sends also an adaptive retransmission grant.
When using short SPS intervals, the eNB should rely on triggering adaptive retransmissions due to that non-adaptive retransmissions may be colliding with granted resources.
With the support of skipped padding, the eNB may not be able to distinguish between missed UL transmissions and DTX due to empty UE buffer as the absence of UL transmissions needs to be differentiated from decoding errors and other. Consequently, when skipped padding is configured, some changes are needed to handle ACK/NACK and UE UL transmissions. Furthermore, the use of PDCCH should be such that frequent PDCCH grants are not required and that the SPS gains are maintained. In [1] we look into the details and solutions and exemplify this in a draft CR [2].
With the above in mind; the alignment of new SPS intervals in the SPS configuration in RRC to the HARQ RTT should be considered. Extending the intervals to the values 1, 2, and 4 would align to an even division of existing HARQ RTT. In [3] we propose additional values to the SPS configuration.
Introduce new SPS subframe interval occasion of 1, 2, and 4.
Implicit Release
The current behaviour for an UE implicitly releasing a SPS resource is that the UE counts the number of new MAC PDUs containing padding only (zero MAC SDUs) for the SPS resource. With skipped UL padding transmissions, this mechanism would need to be changed as the UE MAC does not create any padding PDUs, see further discussion in [1]. However, for a short SPS interval setting only without skip padding configured, no changes are required, although a higher implicitReleaseAfter count may be beneficial in some cases.
No changes required to Implicit release due to additional SPS intervals only.
The range of implicit release for shorter periods may need to be extended to allow better freedom at short SPS intervals
Alternatively, a solution could be to not couple the implicit release behaviour with the number of transmissions but rather to subframes/time, i.e. implicit release after a number of subframes. In order to disable the implicit release, an infinite value of implicitReleaseAfter should furthermore be considered, see discussion in [1].
Conclusions
In this contribution the introduction of shorter SPS intervals is discussed along with and analyze potential impact on the current specification. As a conclusion we have made the following observations and proposals:
1. No special handling to DRX is needed from shorter SPS intervals only.
When using short SPS intervals, the eNB should rely on triggering adaptive retransmissions due to that non-adaptive retransmissions may be colliding with granted resources.
No changes required to Implicit release due to additional SPS intervals only.
The range of implicit release for shorter periods may need to be extended to allow better freedom at short SPS intervals
1. Introduce new SPS subframe interval occasion of 1, 2, and 4.
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