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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:

	· Reduction of padding in case of dynamic and SPS based UL pre-scheduling to reduce interference and UE power consumption


In the study item phase, it was agreed that such UL grant skipping is beneficial to reduce interference and UE power consumption, however a detailed analysis of the impacts was not done. In this contribution, we analyze the impacts of allowing UE to skip UL grant(s) and provide some solutions to address those problems. 
2. Discussion
2.1. General
We note that the objective is to enable the UE to ignore, i.e. skip, the UL grant such that no UL transmission happens on PUSCH if UE has no data to transmit in the uplink. This is in contrast to current specification where a padding PDU would be transmitted by the UE.
The objective involves two parts – UL grant skipping for dynamic scheduling and UL grant skipping for SPS based pre-scheduling.
We note that latency reduction solutions in general depend on providing UL grants early/fast to the UE, either by dynamic grants or by SPS based UL-prescheduling. 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. In addition, the primary objective of short SPS interval based pre-scheduling is also to reduce the latency and there is likelihood that not all of the pre-scheduled grants are needed by the UE. This is different from legacy UL grants where the dynamic grants are provided based on SR/BSR and SPS based pre-scheduling is also 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 skipping needs to be always configured for the UE when the eNB enables latency reduction feature. 
Observation 1. If UL grant skipping is not enabled when latency reduction feature 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, UL grant skipping shall be configured for it. 
2.2. Impact on dynamic scheduling

When the network allocates a UL grant to a UE which the UE ultimately ignores, the network may not have any way to differentiate or identify whether it was skipped or UL transmission happened but PUSCH detection is failed. One major concern is it is unclear to the network whether the resources corresponding to synchronous HARQ retransmission (non-adaptive) can be dynamically allocated to other UE or left alone for potential HARQ retransmission. 

Note that our understanding of the intention of supporting UL grant skipping is not only for UEs/traffic supporting latency reduction, but also possibly for legacy communication. In this case, the above impact can be significant as it involves all traffic. We propose RAN2 to confirm on this.

Proposal 2. Confirm whether or not UL grant skipping can be configured for legacy communication (i.e., not only when latency reduction feature is enabled.) 
Based on above discussion, we make the following observations:

Observation 2. When the dynamic UL grant is skipped, the network may be unable to determine whether to reserve HARQ retransmission resources or not.
Observation 3. A mechanism for the network to know when the dynamic UL grant is skipped is essential to efficiently support UL grant skipping. 
2.3. Impact on SPS based pre-scheduling
2.3.1. Impact on adaptive HARQ retransmissions

There are use cases where adaptive HARQ retransmissions need to be supported, e.g., SPS with short intervals. When UL grant skipping is allowed, eNB may not be aware whether the UL is absent or UL is failed. So, even if eNB wants to support HARQ retransmissions using explicit signaling, the decision may be erroneous. Specifically, eNB may not send explicit grant assuming that the UL was skipped when UE in fact performed UL transmission which got lost and eNB is unable to detect it, as depicted in Figure 1. 
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Figure 1 Example showing UL transmission is lost but eNB assumes UL grant is skipped
Observation 4. eNB can make wrong decisions related to supporting adaptive retransmissions when UL transmission is lost but eNB assumes UL grant is skipped.
2.3.2. Impact on SPS activation/reactivation acknowledgement

After SPS is configured and activated, the UE can skip the configured UL grant if there is no UL data. Therefore for the eNB, it is not clear whether the SPS activation/reactivation command is successful or that is failed due to PDCCH loss. Even though PDCCH loss rate is low, it is possible and can create ambiguity.

Observation 5. eNB may not be aware about success or failure of SPS activation/reactivation command when UL grant is skipped.
2.3.3. Impact on SPS release
After SPS is configured and activated, the UE can skip the configured UL grant if there is no UL data. Therefore the Multiplexing and Assembly entity at the UE will not provide “consecutive MAC PDUs containing zero MAC SDUs”. That means implicitReleaseAfter parameter in SPS-ConfigUL setup IE becomes irrelevant. Explicit SPS release will be required if the network wants to de-activate the SPS configured for the UE.
Observation 6. Explicit SPS release will be required to de-activate the SPS configured for the UE supporting UL grant skipping. 
2.4. Possible solutions
As one possible solution, eNB may use DMRS cyclic shift detection. If DMRS CS corresponding to a scheduled UE is detected, eNB can be sure that the UE tried UL but failed. However, if the DMRS CS is not detected, then there is no guarantee that the UL grant was skipped. However, the number of available DMRS resources is limited which can create scalability issues. 2.
In the current specification, the maximum number of cyclic shifts for a DMRS resource is 8 and in some scenarios, the eNB may only use part of them (e.g. 4 out of 8) to maximize the orthogonally.
Observation 7. DMRS Cyclic Shift detection may be used by eNB to figure out whether the UL grant is skipped or UL transmission failed, however it faces scalability issues.
Another possible solution to above issue regarding requirement of adaptive retransmissions in SPS is to update MAC protocol (Section 5.4 in [3]) to allow non-adaptive HARQ retransmission on configured UL grants.
Observation 8. 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 only for SPS intervals below certain threshold
Another possibility is to introduce an Uplink Grant Skipping Indication (UGSI) in the uplink. This can be done by using a high capacity physical channel to inform eNB whether UE skipped the scheduled PUSCH or the scheduled PUSCH is transmitted. For example, to minimize the additional signalling overhead, PUCCH format 1 can be reused for UGSI. This way, up to 36 UGSI channels (12 CS x 3 OCC) can be defined at the cost of one PRB. 
The advantage of having a definitive UL grant skip indication is that it can resolve many of the issues identified above, including possible resources wastage due to unnecessary HARQ resource reservation in dynamic grants, requirement of adaptive retransmissions and PDCCH overhead of SPS, as well as SPS activation/deactivation acknowledgement. The pitfall is that the power consumption of such indication for each pre-configured grant in case of short SPS interval can be significant even though it is expected to be lower than padding transmissions in PUSCH, therefore this approach may be better suited for dynamic grants only. Additionally, this approach may have 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 9. Uplink grant skipping indication can be beneficial to solve various issues related to UL grant skipping, but may involve RAN1 work.  
Based on these observations, we propose the following to RAN2:
Proposal 3. Discuss whether, and if agreed when, to allow non-adaptive retransmission on configured UL grants.

Proposal 4. Discuss pain vs. gain of a UL grant indication mechanism using low overhead control channel, especially for dynamic UL grants. 
3. Conclusions
In this contribution, we discussed several impacts of UL grant skipping by the UE and discussed some potential solutions. 
Observation 1.
If UL grant skipping is not enabled when latency reduction feature is supported, frequent/fast UL grants can cause resource wastage as well as increase interference and power consumption.
Observation 2.
When the dynamic UL grant is skipped, the network may be unable to determine whether to reserve HARQ retransmission resources or not.
Observation 3.
A mechanism for the network to know when the dynamic UL grant is skipped is essential to efficiently support UL grant skipping.
Observation 4.
eNB can make wrong decisions related to supporting adaptive retransmissions when UL transmission is lost but eNB assumes UL grant is skipped.
Observation 5.
eNB may not be aware about success or failure of SPS activation/reactivation command when UL grant is skipped.
Observation 6.
Explicit SPS release will be required to de-activate the SPS configured for the UE supporting UL grant skipping.
Observation 7.
DMRS Cyclic Shift detection may be used by eNB to figure out whether the UL grant is skipped or UL transmission failed, however it faces scalability issues.
Observation 8.
HARQ operation may be modified in order to support non-adaptive HARQ retransmission in the configured uplink grant.
Observation 9.
Uplink grant skipping indication can be beneficial to solve various issues related to UL grant skipping, but may involve RAN1 work.


Based on above observations, we propose the following to RAN2:
Proposal 1.
When eNB enables latency reduction feature for a UE, UL grant skipping shall be configured for it.
Proposal 2.
Confirm whether or not UL grant skipping can be configured for legacy communication (i.e., not only when latency reduction feature is enabled.)
Proposal 3.
Discuss whether, and if agreed when, to allow non-adaptive retransmission on configured UL grants.
Proposal 4.
Discuss pain vs. gain of a UL grant indication mechanism using low overhead control channel, especially for dynamic UL grants.
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