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1. Introduction

At RAN#71, a new WI on L2 latency reduction techniques for LTE was approved [1] where one of the objectives is as follows:

	· Introduction of short SPS period to allow UL prescheduling


In the study item phase, following conclusion relating to this objective was captured in the TR [2] which is also described in the justification section of the WID [1].
	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, and performs equally well compared with SR every 1ms with lower control channel load. Fast UL improves User Throughput also with shorter TTI, although the relative gain is smaller compared to longer TTIs.


Based on these, it is reasonable to assume that “short SPS period” in the objective refers to as low as 1 TTI SPS interval. In the study item phase, it was agreed that such short interval is beneficial to reduce latency however a detailed analysis of the impacts was not done. In this contribution, we clarify the potential impacts of short SPS interval, including 1 TTI and describe some solutions which can address those issues. 
2. Discussion
2.1. General
Note that currently specified minimum SPS interval is 10 subframes (i.e., 10ms). In the following, we describe the impacts of reducing this interval further down to 1 TTI. 
2.2. Impact on HARQ retransmissions

With 1 TTI SPS interval, according to current specification (Section 5.4 in [3]), HARQ retransmission of UL data sent on SPS-configured resources need to be done using adaptive retransmissions on UL resource grants explicitly signalled using PDCCH. This is because as per current specification, unless an explicit grant on PDCCH is received, a configured grant causes the NDI bit for the corresponding HARQ process to be toggled (Section 5.4.1 in [3]), which in turn triggers a new transmission instead of HARQ retransmission even though HARQ buffer for the HARQ process is not empty (Section 5.4.2.1 in [3]). Therefore, as there is always a configured grant in case of 1 TTI SPS interval, this resource cannot by itself be used for HARQ retransmissions without explicit dynamic grant signalling.
The same problem can exist for other shorter SPS intervals, for example, 2 TTI, 4 TTI and 8 TTI in FDD mode as the currently specified HARQ Round Trip Time in UL (8 TTI) would be integer multiple of SPS periodicity. This is because there will always be a configured UL grant in the TTI when HARQ retransmission should occur, which will be used to generate a new transmission, unless an UL grant is explicitly signalled using PDCCH for that TTI. This is illustrated in Figure 1 below.
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Figure 1 Example showing configured UL grant used for new transmission in absence of explicit grant for HARQ retransmission in FDD, SPS periodicity 2 TTI. Figure also shows HARQ retransmission is performed when explicit grant is present for the corresponding TTI.

In such case, HARQ retransmissions require explicit signalling by PDCCH which can significantly increase PDCCH load. 

Note that this problem is possible but less severe with SPS intervals where lowest common multiple of HARQ RTT and SPS interval is high. For example, with 10 TTI SPS interval, only the 5th HARQ retransmission TTI would coincide with SPS configured TTI (lowest common multiple is 40 TTI); and the likelihood of needing 5th HARQ retransmission is very low in practice. 
Observation 1. Based on current MAC specification, reduced SPS interval can result in increased PDCCH load because of adaptive HARQ retransmissions. 

Observation 2. Similar issue is also present for shorter SPS intervals other than 1 TTI, for example 2 TTI and 4 TTI SPS interval in FDD.

2.3. Short SPS interval and UL grant skipping
We note that the goal of short SPS interval is to provide UL grants early/fast to the UE on a pre-scheduled basis with the primary objective of reducing the latency. Therefore it is reasonable to assume that, when latency reduction feature is enabled, most of these grants are given by the network without the actual knowledge about the presence of traffic at the UE. It is likely that not all of the pre-scheduled grants are needed by the UE. This is different from legacy SPS based pre-scheduling which is generally done based on prior knowledge of the traffic type/characteristic (e.g., VoIP). 

So, from network perspective, it may increase resource wastage if the resources are just used for unnecessary padding PDUs. From UE perspective the padding transmissions when UL buffer is empty can introduce more interference and increase UE power consumption. So, we think that the UL grant skipping, which is another objective of the WI, needs to be always configured for the UE when the eNB enables latency reduction feature, e.g., using short SPS interval. 

Observation 3. If UL grant skipping is not enabled when short SPS period is supported, frequent/fast UL grants can cause resource wastage as well as increase interference and power consumption.

Therefore, we propose RAN2 to agree that:

Proposal 1. When eNB enables latency reduction feature for a UE, e.g. by short SPS interval, UL grant skipping shall be configured for it. 

However, as described in detail in a separate contribution [4],  UL grant skipping can introduce additional challenges to short SPS interval When UL grant skipping is allowed, eNB may not be aware whether the UL transmission on PUSCH is absent or UL detection is failed. So, even if eNB wants to support HARQ retransmissions using explicit PDCCH signaling, the decision may be erroneous. Specifically, eNB may not send explicit grant assuming that the UL grant was skipped when the UE in fact performed UL transmission which got lost and eNB is unable to detect it, as depicted in Figure 2. 
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Figure 2 Example showing UL is lost but eNB assumes UL is skipped
Observation 4. eNB can make wrong decisions related to supporting adaptive HARQ retransmissions when UL transmission is lost but eNB assumes the UL grant is skipped.
2.4. Possible solutions
As one possible solution to above issue, MAC protocol (Section 5.4 in [3]) can be updated to allow non-adaptive HARQ retransmission on configured UL grants.
Observation 5. HARQ operation may be modified in order to support non-adaptive HARQ retransmission in the configured uplink grant.
Since this may be dis-beneficial for some conventional traffic for which SPS was originally intended, such as VoIP where on-time delivery may be more crucial than reliability, following options can be discussed:

Option 1: Always allow non-adaptive retransmission on configured UL grants 
Option 2: Allow non-adaptive retransmission on configured UL grants only for SPS intervals below certain threshold (e.g., only for 2 TTI and 1 TTI)
Proposal 2. Discuss whether, and if agreed when, to allow non-adaptive retransmission on configured UL grants.
Another possibility is to define short SPS intervals such that the lowest common multiple of HARQ RTT and SPS interval is high. For example, for FDD, 3 TTI and 5 TTI are preferable potential candidates for short SPS interval instead of 2 TTI and 4 TTI. However, the limitation of this approach alone is that the full gain of reducing SPS interval to 1 TTI cannot be realized as the minimum interval would be 3 TTI. To support less than 3 TTI interval, one of the options described above is essential.
Observation 6. Short SPS intervals of 3 TTI and 5 TTI can eliminate adaptive retransmission overhead however this alone is not sufficient to realize full gain of reduced SPS interval.
Another possibility is to introduce an Uplink Grant Skipping Indication (UGSI) in the uplink as described in separate contribution [4] using low overhead control channel to inform eNB whether UE skipped the scheduled grant or the scheduled PUSCH is transmitted. We also note that while the UL grant skip indication can solve the issue identified above on adaptive retransmissions, the power consumption of such indication for each pre-configured grant in case of short SPS interval can be significant. Additionally, there may be RAN1 impact. However, if RAN2 agrees that the gains are worth the pain, then RAN1 may be able to work on such enhancement during their WI phase.
Observation 7. Uplink grant skipping indication can be beneficial to solve some HARQ retransmission issue of short SPS interval when UL skipping is enabled, but may come with UE power consumption issue and may involve RAN1 work.  

Based on this, we propose RAN2 to:

Proposal 3. Discuss pain vs. gain of a UL grant indication mechanism using low overhead control channel when UL skipping is enabled. 
3. Conclusions
In this contribution, we discussed several impacts of reducing SPS minimum interval and provided some solutions. 
Observation 1.
Based on current MAC specification, reduced SPS interval can result in increased PDCCH load because of adaptive HARQ retransmissions.
Observation 2.
Similar issue is also present for shorter SPS intervals other than 1 TTI, for example 2 TTI and 4 TTI SPS interval in FDD.
Observation 3.
If UL grant skipping is not enabled when short SPS period is supported, frequent/fast UL grants can cause resource wastage as well as increase interference and power consumption.
Observation 4.
eNB can make wrong decisions related to supporting adaptive HARQ retransmissions when UL transmission is lost but eNB assumes the UL grant is skipped.
Observation 5.
HARQ operation may be modified in order to support non-adaptive HARQ retransmission in the configured uplink grant.
Observation 6.
Short SPS intervals of 3 TTI and 5 TTI can eliminate adaptive retransmission overhead however this alone is not sufficient to realize full gain of reduced SPS interval.
Observation 7.
Uplink grant skipping indication can be beneficial to solve some HARQ retransmission issue of short SPS interval when UL skipping is enabled, but may come with UE power consumption issue and may involve RAN1 work.


Based on above observations, we propose the following:
Proposal 1.
When eNB enables latency reduction feature for a UE, e.g. by short SPS interval, UL grant skipping shall be configured for it.
Proposal 2.
Discuss whether, and if agreed when, to allow non-adaptive retransmission on configured UL grants.
Proposal 3.
Discuss pain vs. gain of a UL grant indication mechanism using low overhead control channel when UL skipping is enabled.
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