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Discussion and Decision
1 Introduction

In [1], one objective of the WID is to introduce support for physical layer scheduling request. In this contribution, we consider potential ways to support physical layer scheduling request.

2 Scheduling Request
Currently, NB-IoT must undergo random access procedure to inform eNB of pending uplink data. To use the NPRACH for this purpose will need at least Msg1-Msg4 transmissions, all of which require extensive resources. Furthermore, this increases the load on the random access channel, leading to collisions and reduced capacity. In Rel-15, physical layer scheduling request (SR) will be introduced. This may improve latency as UE would be assigned a dedicated resource for SR. Power consumption may also be reduced as the dedicated resource can be specifically tailored to each UE. Finally, this would reduce the amount of contention-based NPRACH resources that must be reserved for this purpose.
For SR design, capacity is important since the eNB must be able to accommodate large number of configured users (although in practice very few users may be sending scheduling requests at any one time). From the effort perspective, it would be most efficient to reuse an existing channel. Several potential channels can be considered –

· Legacy LTE PUCCH Format 1 + repetition. This would allow 18 UEs to be multiplexed in one PRB via CDM and is supported for eMTC. However, this design uses multi-tone transmission which will have some impact on MPR and therefore coverage. In addition, although this would not require large specification effort, it would require large implementation effort as NB-IoT UE does not support this format.
· NPUSCH Format 2. This would allow 12 or 48 UEs to be multiplexed in one PRB via FDM using 15 or 3.75 kHz subcarrier separation, respectively. Using this format, UE would enjoy the benefits of single-tone transmission. The specification effort would be small but capacity might be an issue, especially for 15 kHz subcarrier separation. To improve capacity, it is possible to introduce different code sequences for different users. However, this would require some specification effort. First, orthogonal sequences must be designed for the different users. Second, the current DMRS structure does not support UE-specific DMRS multiplexing for different users (although cell-specific OCC of 3 is supported which can be re-purposed). Hence some modifications would be needed for both NPUSCH and DMRS to support code multiplexing.
· NPRACH. This would allow 48 UEs to be multiplexed in one PRB. Specification and implementation would be straightforward and can be based on the procedure for NPDCCH order. However, the NPRACH is less efficient than the NPUSCH format 2 and performance is therefore worse. In addition, NPRACH receiver complexity is significantly higher than that for NPUSCH. 
From the above discussion, it is seen that NPUSCH Format 2 is the most suitable format for the baseline SR transmission scheme. Therefore, it is proposed to introduce a new NPUSCH format for scheduling request that is based on NPUSCH Format 2.
Proposal 1: Introduce a new NPUSCH format (Format 3) for scheduling request based on NPUSCH Format 2. 
One straightforward difference between NPUSCH Format 3 and 2 would be the absence of any transmission when there is no scheduling request to send. Hence, rather than ACK/NACK using BPSK modulation, SR would be indicated by the presence or absence of the transmission from the UE. 
Proposal 2: Scheduling request is indicated by the presence or absence of transmission from the UE. 
Within 1 PRB, 12 or 48 UEs to be multiplexed in one PRB via FDM using 15 or 3.75 kHz subcarrier separation, respectively. For 3.75 kHz subcarrier spacing, there is sufficient SR capacity within 1 PRB. For 15 kHz subcarrier spacing, to improve capacity, it is possible to introduce different code domain multiplexing for different users. Since the current DMRS structure allows orthogonal code cover of length 3, it is possible to increase capacity to 36 users per PRB. This can be an attraction option, although it would require some specification effort. Note that code domain multiplexing can also be applied to 3.75 kHz subcarrier separation, but performance might be poor due to frequency errors.
Proposal 3: Consider code domain multiplexing (at least for 15 kHz subcarrier spacing) to increase scheduling request capacity.
Naturally, scheduling request is configured by higher layers and time-frequency resource is pre-allocated to the UE. In this case, the configuration could consist of SR periodicity, starting subframe frame offset, frequency location index, and OCC selection (if supported). Since SR resources is pre-configured for the UE, collisions can occur and UE behavior in case of collision must be specified. Since SR is not supported in Rel-13 and Rel-14 UEs, it is understood that NB-IoT can operate well without SR but that SR can improve latency and efficiency. Therefore, it is fitting that SR has lower priority than other transmissions. For collision between SR and PUSCH, there would be no need to transmit the SR and it can be dropped as any BSR can be transmitted as part of the PUSCH transmission. Therefore, it is proposed that SR is dropped in case of collision with PUSCH.
Proposal 4: In case of collision between SR and PUSCH, SR is dropped.

For collision between SR and NPRACH, the SR can be either dropped or postponed. If the SR is dropped, there is a potential error case where the SR always overlaps with NPRACH and is therefore dropped all the time. However, this could be considered as a misconfiguration by the eNB. If the SR is postponed, this can create potential collision issues for the postponed transmission that must be tracked by the eNB. To keep it simple, it is therefore proposed that SR is dropped in case of collision with NPRACH.
Proposal 5: In case of collision between SR and NPRACH, SR is dropped.

For collision between SR and ACK/NACK, one possibility is to multiplex ACK/NACK with SR (e.g. using QPSK modulation). This does not require significant specification effort. However, performance would be impact as the required SNR for QPSK would be 3 dB higher. This means that the ACK/NACK might be erroneously decoded which has significant impact. Thus, some adjustment techniques (e.g. increasing the number of repetitions) might be necessary. So, although SR multiplexing with ACK/NACK is beneficial, further study is needed on both performance and specification impacts.
Proposal 6: In case of collision between SR and ACK/NACK, study further multiplexing of SR with ACK/NACK.
Scheduling request can also collide with ongoing or upcoming DL transmissions. For collision between SR and NPDSCH (e.g. configured SR allocation that happens in the middle of an ongoing NPDSCH transmission), SR should be dropped. In this case, if SR multiplexing with ACK/NACK can be supported, the UE can transmit the SR with the ACK/NACK. Else the UE can wait until the next configured SR allocation.
Proposal 7: In case of collision between SR and NPDSCH, SR is dropped.
For collision between SR and NPDCCH search space (e.g. configured SR allocation that happens in the middle of an ongoing NPDCCH search space or ongoing SR transmission that overlaps with a search space), SR should be dropped. 
Proposal 8: In case of collision between SR and NPDCCH search space, SR is dropped.
3 Conclusions

In this contribution, we consider ways to support physical layer scheduling request and make the following and proposals –

Proposal 1: Introduce a new NPUSCH format (Format 3) for scheduling request based on NPUSCH Format 2.

Proposal 2: Scheduling request is indicated by the presence or absence of transmission from the UE. 
Proposal 3: Consider code domain multiplexing (at least for 15 kHz subcarrier spacing) to increase scheduling request capacity.

Proposal 4: In case of collision between SR and PUSCH, SR is dropped.

Proposal 5: In case of collision between SR and NPRACH, SR is dropped.

Proposal 6: In case of collision between SR and ACK/NACK, study further multiplexing of SR with ACK/NACK.
Proposal 7: In case of collision between SR and NPDSCH, SR is dropped.
Proposal 8: In case of collision between SR and NPDCCH search space, SR is dropped.
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