3GPP TSG RAN WG1 Meeting #89
        

              R1-1708011
Hangzhou, China, 15th - 19th May 2017
Agenda item:
7.1.3.2.3
Source: 
Samsung
Title: 
Resource allocation for PUCCH with SR
Document for:
Discussion and decision
1 Introduction

In RAN1#88bis meeting, the following were agreed for PUCCH and SR.
Agreements:
· For 1-symbol PUCCH without SR with 1 or 2 bit(s) UCI payload size, RAN1 will select one from the following options.

· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol

· UCI can be sequence

· FFS: low PAPR design is applied

· Option 4: Sequence selection with low PAPR

· FFS following cases:

· If SR only

· If with SR + other UCI;
· This does not imply the necessity of special SR design 

· FFS whether the design may or may not depend on the frequency range

Agreements:
· The Scheduling Request-triggered uplink grant-based data transmission design should consider all applicable reliability and latency requirements including URLLC when assessing different design proposals.

· FFS: SR details

· For initial grant-based transmission, retransmissions can be grant-based

In addition, the following was agreed on SR in RAN2.

The SR should at least distinguish the “numerology/TTI type” of the logical channel that triggered the SR (how this is done is FFS).

This contribution considers design aspects of resource allocation for PUCCH with SR.
2 Discussion
In LTE, when a scheduling request (SR) is triggered, a UE transmits the SR to indicate that it has new data to transmit. Once an eNB detects the SR, the eNB schedules UL transmission from the UE. Since the eNB has no information about the amount of data to be transmitted, the eNB typically schedules a PUSCH for Buffer Status Report (BSR) transmission. After receiving the BSR information, the eNB is able to allocate a PUSCH according to the data the UE has in its buffer. The SR procedure in LTE balances the trade-offs between resource allocation efficiency, control overhead, and scheduling delay.

2.1 SR enhancements
In NR, a variety of services (e.g., eMBB and URLLC) is to be supported and each service can use different numerology to meet associated requirements. Note that a UE may support more than one service simultaneously. Therefore, it can be considered as beneficial for a gNB to know the required numerology/TTI type of the requested UL transmission when the gNB receives the SR. In this regard, RAN2 has agreed that the SR should distinguish the numerology/TTI type of the logical channel that triggered the SR.

Options for SR enhancements
In order to distinguish the “numerology/TTI type” of the logical channel that triggered the SR, the SR may indicate the appropriate numerology/TTI type of a UE. It could either mean sending more information using the SR itself (e.g. multi-bit SR), or sending the single-bit SR more frequently and/or on different PUCCH resources, allowing the gNB to infer from the PUCCH resources used which numerology/TTI type is needed for the first PUSCH transmission. More specifically, the following options can be considered.

· Option 1: Single-bit SR with multiple SR configurations per numerology/TTI type
· Each SR configuration linked to a given numerology/TTI type hence the SR resources can be independently configured for each numerology/TTI type 
· Independent PUCCH resource for each numerology/TTI type can be provided in different frequencies and/or time resource
· The gNB can provide an UL grant to transmit the data and/or BSR according to the PUCCH resource of the SR reception
· Option 2: Single/Multi-bit SR to indicate numerology/TTI type explicitly
· The requested numerology/TTI type is explicitly indicated by SR

· The gNB can provide an UL grant to transmit the data and/or BSR according to the indication of the SR
· Option 3: Multi-bit SR to inform approximated BSR information
· BSR itself or approximated BSR information is transmitted with the SR, which can save signaling exchanges between gNB and UE in SR procedure
· This option can be viewed as already supported through the support of grant-free PUSCH transmissions (i.e. a UE can immediately transmit data and BSR when data arrives in its buffer).
· The gNB can provide a UL grant to transmit the data according to the BSR or approximated BSR information
In option 1, SR for the numerology/TTI type differentiation can be achieved with multiple SR configurations. For example, one SR resource for a service requiring moderate latency can be configured per number of slots with lower SCS while the other SR resource for a service requiring short latency can be configured per number of symbols or with higher SCS. Once the gNB detects the SR following a certain configuration, the gNB can distinguish the numerology/TTI type of the logical channel that triggered the SR. In this option, PUCCH format, duration, and resources for SR transmission can be separately configured per numerology/TTI type so that it enables the gNB to manage SR configurations per numerology/TTI type. For example, more time and frequency resources can be configured for a SR configuration that targets a high reliability and/or low latency service to improve the reliability of PUCCH with the SR (e.g. miss probability of 1e-5 with false alarm probability of 1e-2). 
In option 2, the requested numerology/TTI type can be explicitly indicated by SR. For example, 1 bit SR information can indicate two different types of numerology/TTI types. In this option, a PUCCH format for 1 or 2 bit UCI (HARQ-ACK) payload can be re-used for SR transmission. The SR periodicity needs to be the shortest one that is associated with the service with the lowest latency requirements.  
In option 3, BSR or approximated BSR information is transmitted with the SR. Based on the BSR information the gNB is able to allocate PUSCH resource dynamically for URLLC transmission, which can save signaling exchanges between gNB and UE in SR procedure for UL transmission. Support for grant-free PUSCH transmissions can be viewed as already allowing this option [2].  
Observation 1: The “numerology/TTI type” of the logical channel that triggered the SR can be distinguished by either multi-bit SR or single-bit SR with multiple configurations.

Comparing the tradeoffs of option 1 and option 2, option 1 may be thought of as requiring more overhead because it requires separate PUCCH resources for each SR periodicity. However, this is not the case in practice at least when the reliability requirements of the different SR types are different. Option 2 can require a single PUCCH resource but it is associated with at least tri-state detection (when there is a minimum of 2 SR types – positive SR type 1, positive SR type 2, DTX). The detection reliability requirements are set by the SR type requiring the higher reliability and, due to the tri-state detection, the required resources will be larger than for a two-state detection (positive SR type, DTX).  Also, this larger amount of resources will be required to occur with the shortest periodicity, thereby further increasing an already likely large PUCCH overhead and this overhead can be larger than when allocating an additional PUCCH resource with longer periodicity for option 1. Moreover, a tri-state detection requirement can further limit UE coverage for the high reliability service and impact the actual reliability of respective SR transmission. In addition to performance and coverage issues, option 2 will also introduce additional specifications in multiplexing SR with other UCI types, such as HARQ-ACK. It is noted that as it is often likely that a UE will only require a single SR type, specification support for option 1 will anyway be provided as it is a simple parallelization of the case that a UE has a single SR type. Option 1 has the additional benefit of allowing some networks to configure it while others may fall back on using a single SR per UE. Further, option 2 is to some extent a duplication of the functionality provided by option 3 as when a gNB requires detailed information of a UE’s buffer, when the UE has data to transmit, it can do so by configuring the UE for grant-free PUSCH transmissions that can include a BSR in addition to some data without scheduling latency.    

Based on above observations, the Option 1 is preferred and details on SR configurations are up to RAN2 decision.

Proposal 1: NR supports 1-bit SR with multiple configurations.

· The details on SR configuration are up to RAN2 decision
2.2 
Resource allocation for SR
For SR transmission, it is desirable that the SR resources (i.e. PUCCH time and frequency resource) are semi-statically and UE specifically configured to avoid contention on SR resources. For Option 1, a PUCCH format with small payload can be used. For example, both short PUCCH (for latency reduction with low SCS) and long PUCCH (for coverage enhancement with low SCS or for latency reduction for high SCS) with 1 bit UCI payload can apply for SR transmission. 
Proposal 2: Both short and long PUCCH formats designed for 1 (or 2bit) UCI payload are used for SR transmission.
For option 1, multiple SR resources can be configured to a UE. In this case, multiple SR resources need not necessarily use same PUCCH format, duration, or numerology, as these may potentially differ from configuration to configuration. For example, a first SR resource can be configured per a slot with lower SCS (e.g. 15kHz) while a second SR resource can be configured per OFDM symbol with lower SCS or per slot with higher SCS (e.g. 60kHz). It is noted that if multiple SR resources are configured to a UE per numerology/TTI type, it is possible that different SR resources can collide at least in time. In this case, a priority between SR transmissions can be configured by the gNB or be specified. 
Proposal 3: For multiple SR configurations, a priority between SR configurations is defined or configured.

Reliability of SR
For some services, the SR transmission should also be highly reliable, such as for example with a miss probability of 0.01% or less for a reasonable false alarm probability (e.g. 1%).. Therefore, the same mechanisms (e.g., frequency diversity, and/or repetition, and/or large PRB allocation) for improving the reliability of PUCCH for HARQ-ACK or of grant-free PUSCH can also apply for SR transmissions. 
Proposal 4: Consider mechanisms to improve the reliability of SR transmissions.

3 Conclusions 

This contribution discusses design aspects for “mini-slot” including several FFS aspects form last agreements and proposes the following depending on the discussion:
Proposal 1: NR supports 1-bit SR with multiple configurations.

· The UE selects the appropriate SR configuration based on the numerology of the logical channel triggering the SR
Proposal 2: Both short and long PUCCH formats designed for 1 (or 2bit) UCI payload are used for SR transmission.
Proposal 3: For multiple SR configurations, a priority between SR configurations is defined or configured.

Proposal 4: Consider mechanisms to improve the reliability of SR transmissions.
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