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Introduction
In this contribution, we discuss aspects relating the scheduling of UL based on a grant. 
Discussion
Scheduling request
In LTE, scheduling requests (SRs) are used for requesting UL-SCH resources for new transmissions when the UE has no valid grant. If SRs are not configured for the UE, the UE initiates a Random Access procedure in order to get scheduled in UL. In LTE SRs consists of only one bit of information and indicates only that the UE needs an UL grant. This means that upon the reception of SR, gNB knows neither which logical channel (associated with certain QCI) has data available for transmission, or the amount of data available for transmission at UE. Furthermore, it good to provide the preferred PLP. In short, in NR an accurate grant cannot be provided to the UE only based on the one-bit information of the LTE type of SR.

Observations
· [bookmark: _Toc462415622][bookmark: _Toc462677329][bookmark: _Toc462859219][bookmark: _Toc462998266][bookmark: _Toc465840859][bookmark: _Toc469921859][bookmark: _Toc470090101][bookmark: _Toc471120357][bookmark: _Toc471302674][bookmark: _Toc476836881][bookmark: _GoBack]LTE scheduling request saves physical layer resources but does not provide sufficient information for efficient grant allocation in NR.
Buffer Status Reports (BSRs) on the other hand carry more detailed information compared to SR. A BSR indicates buffer size for each LCG. However, the BSR requires a grant for transmission so it may take longer time until the gNB receives it since it may need to be preceded by an SR. The interaction between SR, BSR and grant is exemplified in Figure 1.
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[bookmark: _Ref450773594]Figure 1: Scheduling procedure for dynamic scheduling in LTE
Observations
· [bookmark: _Toc462415623][bookmark: _Toc462677330][bookmark: _Toc462859220][bookmark: _Toc462998267][bookmark: _Toc465840860][bookmark: _Toc469921860][bookmark: _Toc470090102][bookmark: _Toc471120358][bookmark: _Toc471302675][bookmark: _Toc476836882]LTE BSRs provide more detailed information than an SR, but it brings additional delay due to the need for a grant. 
We believe the framework with SR/BSR from LTE in general works well but there may be room for improvements considering the above observations. 

Observations
· [bookmark: _Toc476836883]LTE SR/BSR framework can be reused in NR as a baseline, however further improvement is necessary for NR. 
Potential enhancements to SR
RAN2 has decided that they needed multiple SR configurations. The approach then is basically to reuse the format that is used for A/N report of 1 to 2 bits for SR for both short PUCCH and long PUCCH. 

Proposal
· SR reporting format is based on the short PUCCH and long PUCCH for 1 to 2 bits A/N.

The main discussion point is multiple SR codepoints are supported and there is another level of detail to this how these are provided to the gNB. Multiple SR resources for when SR only is transmitted and a limited number of HARQ-ACK bits. With higher granularity for the SR it would be possible for a UE to provide more detailed information such as the type/priority of the logical channel which has data available. By knowing the type/priority of the logical channel, gNB can provide grants for the traffic that should be scheduled. This enables a more correct priority handling. This is beneficial for RRC signalling or high priority data. So, they can get resources with higher priority than other logical channels.
Observations
· [bookmark: _Toc476836884]More efficient priority handling is achievable by extending additional bits for SR
How states that SR should be extended with, is a question of how to achieve a good trade-off between the increased L1 control channel issues (overhead, design complexity etc) and the possible achieved gain in terms of UP latency reduction.  The SR without HARQ acknowledgement could probably be relatively easier generalized by configuring the UE with multiple SR resources. How many resources specifically that could be configured is a RAN2 questions to answer but around 3 seems to be a good starting point. For the case when HARQ-ACK are reported jointly with SR how to report the feedback would be based on the PUCCH format design as such. If the format is based on sequence selection than a specific sequence is selected that indicates a given SR and A/N. If the format is based on feedbacking a set of coded bits, then SR and A/N is jointly encoded. For some of these cases it could be of interest to look into bundling SR information in some way if multiple SR code points happen to be looked at the same time occasion as A/N. 

Proposal
· From a RAN1 point view at most 3 SR configurations is feasible to support

In addition to the above enhancement to SR it would further be worth to consider allowing SRs to be sent very frequently. In addition to have the possibility to configure SR resources every slot one can also consider to implement even more frequent SR resources using mini-slots.
Proposal
· SR periodicities are possible to configure to the shortest transmission duration length
Repetition
It has been agreed that (RAN1 NR #AH1):
· For an UL transmission scheme with/without grant, K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported. The way K is determined and whether hopping mechanisms over the transmissions used is for further study.
Also in RAN1#88 it was agreed that:
· For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met
· If an UL grant is successfully received for a slot/mini-slot for the same TB
· FFS: How to determine the grant is for the same TB
· FFS: An acknowledgement/indication of successful receiving of that TB from gNB
· The number of repetitions for that TB reaches K
· FFS: Whether it is possible to determine if the grant is for the same TB
· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)
· Note that other termination condition of repetition may apply

Considering the time that it takes for receiving an ACK from the gNB and stopping an ongoing repetition, which can take several slots, the usefulness of transmission of such ACK may not be justified. More specifically, the usefulness of this feature depends on the configured number of repetition, and considering that K is around 3-4, it seems that such signaling is not necessary.
It should be clarified that repetition can be both for dynamic grant and SPS/grant-free transmission. Repetition of the same UL transmission over multiple slots implies that the time/frequency resources for the transmission should be the same over multiple slots (as shown in Figure 1)
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Figure 1  - Repetition of a grant over several slots
Also, configuration of K can be in RRC signaling as it does not need to be dynamically changed.


Proposal
· Time/frequency resources should be the same during repetition over multiple slots
· The number of repetition K should be configured in RRC


Conclusion
We discussed UL data scheduling grant in this contribution and made the following proposals:
· SR reporting format is based on the short PUCCH and long PUCCH for 1 to 2 bits A/N.
· From a RAN1 point view at most 3 SR configurations is feasible to support
· Time/frequency resources should be the same during repetition over multiple slots
· The number of repetition K should be configured in RRC
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