3GPP TSG RAN WG1 Meeting #93
R1-1806162
Busan, Korea, May 21st – 25th, 2018
Agenda item:

6.2.7.1.3
Source:
Nokia, Nokia Shanghai Bell
Title:
Design of physical layer scheduling request
Document for:

Discussion and Decision
1 Introduction

In [1], one objective of the WID is to introduce support for dedicated physical layer scheduling request. In RAN1#92, it was agreed as a working assumption that –

· Physical-layer SR with and without HARQ-ACK transmission is supported. 

· When SR is transmitted with HARQ-ACK:

· Option 3 is adopted;

· SR on/off is carried by two orthogonal length-16 cover codes on ACK/NACK data symbols. 

· [1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1] is used to signal SR OFF.

· [1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1] is used to signal SR ON.

· When SR is transmitted without HARQ-ACK

· FFS whether it is transmitted in NPUSCH resources or reserved NPRACH resources.

In RAN1#92bis, it was agreed that –

· If the working assumption is confirmed and when SR is transmitted without HARQ-ACK, it is transmitted in NPRACH resource using NPRACH based signal.
· If the working assumption is confirmed, UE transmits the physical layer SR at the first opportunity unless there is a collision with another physical layer transmission/reception:

· Collision between SR without HARQ-ACK resource and NPDSCH - SR is not transmitted, and remains pending

· FFS: Collision with NPDCCH search space 

In this contribution, we consider remaining details for scheduling request.
2 SR + HARQ-ACK Design
Transmission of SR with HARQ-ACK has been agreed in RAN1#88bis and two options are to be selected based on the agreement from RAN1#89 – QPSK-based constellation or cover-code/orthogonal sequence. In RAN1#92, it was agreed as a working assumption that SR is carried by two orthogonal length-16 cover codes on ACK/NACK data symbols. The other option is to use QPSK. However, if QPSK is used, approximately 3dB would be required compared to BPSK modulation used in NPUSCH format 2. Thus, if this is not properly compensated there would be a 3dB performance loss. In addition, NPUSCH format 2 would have to support /4-QPSK modulation. With cover-code/orthogonal sequence, it is expected that performance loss would be less than using QPSK only one sequence/cover code would be used on top of BPSK modulation by the UE. Therefore, it is proposed to confirm the working assumption that SR is carried by two orthogonal length-16 cover codes on ACK/NACK data symbols. 
Proposal 1: Confirm the working assumption that SR is carried by two orthogonal length-16 cover codes on ACK/NACK data symbols. 
3 Dedicated SR Design
Currently, UE 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. 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. Therefore, it is proposed to confirm the working assumption that physical-layer SR with and without HARQ-ACK transmission is supported.
Proposal 2: Confirm the working assumption that physical-layer SR with and without HARQ-ACK transmission is supported. 
For dedicated SR design, in RAN1#92bis, it was agreed that if the working assumption is confirmed and when SR is transmitted without HARQ-ACK, it is transmitted in NPRACH resource using NPRACH based signal. One straightforward difference between NPRACH and SR would be the absence of any transmission when there is no scheduling request to send. Hence, SR would be indicated by the presence or absence of the NPRACH transmission from the UE (i.e. via on/off signaling or keying). 
Proposal 3: Scheduling request uses NPRACH preamble on/off signalling. 
To enhance SR, it’s been proposed to include BSR information also with SR transmission. The full BSR, of course, cannot be provided, but a limited amount of information about the BSR (e.g. 2-4 values) can be provided. This can be done, e.g. through delaying the NPRACH transmission where the timing offset will provide limited BSR information. Although this sounds beneficial, in practice this can lead to error cases. For instance, with imprecise NPRACH timing offset detection, BSR conveyed through timing offset can be inaccurate. Longer transmission may be required to meet the same performance target. Other method such as modulation on top of the NPRACH can also require longer transmission. Therefore, it is not preferred to convey BSR using SR.
Proposal 4: BSR is not conveyed in SR.
4 Configuration of Dedicated SR
As discussed above, scheduling request is transmitted in NPRACH resource using NPRACH based signal if the working assumption is confirmed. In this case, NPRACH resource configuration is already known and eNB can assign a preamble to the UE from a pool of dedicated preamble. In this case, the configuration could consist of starting NPRACH subframe, periodicity (which would be tied to NPRACH periodicity) and preamble index. 
Proposal 5: Scheduling request configuration per UE is given via higher-layer signalling and indicates starting NPRACH subframe, periodicity and preamble index. 
5 Collision Handling for Dedicated SR
In RAN1#92bis, it was agreed that, if the working assumption is confirmed, UE transmits, the physical layer SR at the first opportunity unless there is a collision with another physical layer transmission/reception. In case of collision between dedicated SR and NPDSCH, SR is not transmitted and remains pending. It was FFS in case of collision with NPDCCH search space. Although collision may be avoided via proper configuration, in some scenarios there are a  number of configurations of the SR resources and NPDCCH search space that cannot avoid collision. Restricting the network from configuring the NPDCCH search space to avoid such collisions with SR may not always be desirable, therefore it is proposed that SR should be prioritized. Note that UE might still be able to detect some NPDCCH candidates within the search space that do not overlap with SR transmission.
Proposal 6: For collision with NPDCCH candidate(s), SR is prioritized.
6 Conclusions

In this contribution, we consider potential design options for dedicated scheduling request and make the following proposals –
Proposal 1: Confirm the working assumption that SR is carried by two orthogonal length-16 cover codes on ACK/NACK data symbols. 
Proposal 2: Confirm the working assumption that physical-layer SR with and without HARQ-ACK transmission is supported. 
Proposal 3: Scheduling request uses NPRACH preamble on/off signalling. 
Proposal 4: BSR is not conveyed in SR.

Proposal 5: Scheduling request configuration per UE is given via higher-layer signalling and indicates starting NPRACH subframe, periodicity and preamble index. 
Proposal 6: For collision with NPDCCH candidate(s), SR is prioritized.
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