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1 Introduction
[bookmark: _Hlk506272084]The method of Non-Periodic Scheduling Request (NP-SR) was introduced in [1] during the NR URLLC study item. In addition, it has been discussed further in [2] where some performance results and a comparison with the periodic Scheduling Request method used in NR (NR SR) has been made and in [3] where additional NP-SR performance results have been provided.
At the RAN1#98 meeting, the following agreements regarding potential collisions of URLLC SR, URLLC HARQ-ACK and eMBB SR were reached [4], [5]:
Agreements(1):
Reuse the R15 mechanism for the following scenarios:
· A URLLC SR collides with a URLLC HARQ-ACK (no other UL signals/channels), except for (to conclude the FFSs by RAN1#98b)
· FFS if the case in which SR with PF0 vs HARQ-ACK with PF1 needs to be considered.
· FFS SR with HARQ-ACK in PF 2, 3, 4
· URLLC HARQ-ACK collides with URLLC PUSCH (no other UL signals/channels) when the corresponding timelines are met
· To conclude by RAN1#98b for the error cases per R15 (especially for the cases when the timeline is not met)

Agreements (2):
In case URLLC (i.e., high priority) HARQ-ACK collides with eMBB (i.e., low priority) SR, down-select from options below (to conclude RAN1#98b):
· Option 1: Drop eMBB SR
· Option 2: Multiplex URLLC HARQ-ACK and eMBB SR if the multiplexing rule is met. Otherwise, drop eMBB SR. 
· FFS the details of the rule, e.g.
· Timeline
· Latency 
· Reliability
· PUCCH formats
In case eMBB HARQ-ACK (i.e., low priority) collides with URLLC (i.e., high priority) SR, down-select from options below.
· Option 1: Drop eMBB HARQ-ACK 
· Option 2: Multiplex eMBB HARQ-ACK and URLLC SR if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK
· FFS the details of the rule, e.g.
· Timeline
· Latency 
· Reliability
· PUCCH formats, e.g. SR on PF0 collides with HARQ-ACK on PF1/3/4
· FFS: Resending HARQ-ACK or not after dropping.
In case eMBB HARQ-ACK (i.e., low priority) collides with URLLC (i.e., high priority) HARQ-ACK, down-select from options below.
· Option 1: Drop eMBB HARQ-ACK. 
· Option 2: Multiplex eMBB HARQ-ACK and URLLC HARQ-ACK if the multiplexing rule is met. Otherwise, drop eMBB HARQ-ACK
· FFS the details of the rule, e.g.
· Timeline
· Latency 
· Reliability
· Pre-defined rules or configurable rules or dynamically-indicated multiplexing
· FFS: Resending HARQ-ACK or not after dropping.
FFS details in case of a channel/signal being dropped in handling of collision of UL channels/signals
High priority vs. low priority HARQ-ACK is made known at the PHY layer (note: for SR, it’s agreed earlier)
These agreements underscore the complexity of the NR SR method, which would require multiplexing of SR and HARQ ACK under common circumstances, especially when collisions occur as contemplated by the above agreements. In this contribution we examine how NP-SR can help alleviate these problems. The contribution is organized as follows:
· [bookmark: _GoBack]Section 2 discusses some of the problems caused by collisions of URLLC and eMBB SR in NR with URLLC and with eMBB HARQ that may cause performance degradation and increased latency and that can be alleviated by the selection of NP-SR.
· Section 3 presents some conclusions.
2 Effect of SR collisions in NR-SR
The agreements cited in the previous section are a partial effort at solving a complex problem, i.e., that of resolving collisions between URLLC SR, eMBB SR, URLLC HARQ ACK, eMBB HARQ ACK, URLLC PUSCH, eMBB PUSCH and CSI. So far RAN1 has identified 16 scenarios of pairwise collisions of the above and these are considered in section 6 of [5]. It is noted that the above agreements address only a fraction of the total number of scenarios considered in [5], so additional agreements will be necessary, potentially requiring more complex UE multiplexing rules. Out of the 16 collision scenarios considered, 9 involve SR collisions (either URLLC SR or eMBB SR) and out of these 9, 6 scenarios involve URLLC SR which are of critical importance in meeting stringent latency requirements.  Clearly SR collisions play an important role in this problem.
In the proposed NP-SR method [1], [2], scheduling requests are sent as a standalone signal (i.e., independent of other UL channels) that is transmitted at a very low power density over the entire channel bandwidth to ensure negligible interference is caused. Furthermore, because of NP-SR does not rely on periodicity, SRs can be sent in the OFDM symbol immediately following the packet arrival.  This decoupling from the other UL channels makes the NP-SR a much simpler and efficient solution by reducing the probability of collisions. 
Additionally, NP-SR is able to handle the collisions with other channels much more effectively since it allows UE to transmit NP-SR immediately before or after the transmission of the other UL channel.  This is a crucial factor for URLLC, NP-SR offers the potential of reduced UE complexity by reducing the amount of multiplexing required by the UE.
Proposal: The NP-SR method should be considered for NR Release 16.

3 Conclusions
Based on the above and on the results previously presented in [2], the NP-SR method has the following advantages over the periodic SR method adopted in NR Rel-15:
 
a) It eliminates the wait time incurred by the periodic SR method, which becomes a non-negligible latency component in the stringent overall latency target for some applications, such as URLLC Factory Automation.
b) It eliminates spectrum overhead, as the NP-SR signal is transmitted over spectrum already occupied by other resources and is spread at a sufficiently low spectral density to cause negligible interference.
c) NP-SR performance (in terms of missed SR detection probability) is relatively insensitive to the number of users per cell for the range of users required for a factory automation scenario contemplated in [1].
d) NP-SR is transmitted independently of PUCCH and reduces the likelihood of the SR collision scenarios considered in the above agreements and in the remaining scenarios considered in [5]. This means that in addition to offering a latency advantage, NP-SR may offer a significant reduction in UE complexity by reducing the amount of multiplexing the UE needs to perform.

Proposal: The NP-SR method should be considered for NR Release 16.
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