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1 Introduction

In RAN1 #90, the following were agreed for SR transmission.
Agreements:
· It is up to RAN2 how many SR configurations the UE can be configured with.

· In case of SR only, the physical layer can only transmit one SR at any given time

· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2

· Multiplexing of SR and HARQ feedback is supported on short-PUCCH

· Multiplexing of SR and HARQ feedback is supported on long-PUCCH

· An SR can be configured with a periodicity of at least equal to X OFDM symbol(s) (at least for short-PUCCH), and with up to the largest periodicity supported in LTE (i.e. 80 ms)

· Working assumptions:

· X=1, which implies short-PUCCH could be located at any OFDM symbol of a slot
· FFS: Supported periodicity values

· FFS: Possible limitations due to other factors

· One configured SR can be associated with either short or long PUCCH

This contribution considers aspects of procedures for grant-based UL transmission including SR transmission with multiple configurations in NR.
2 Discussion
In LTE, when a scheduling request (SR) is triggered, a UE transmits the SR to indicate that the UE has new data to transmit. Once an eNB detects the SR, the eNB can schedule 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 can allocate the PUSCH according to the amount of data in the UE’s buffer. Based on the above SR procedure in LTE, balances the trade-offs between resource allocation efficiency, control overhead, and scheduling delay can be achieved.

2.1 SR enhancements in NR
In NR, a variety of services (e.g., eMBB and URLLC) will be supported and each service can use different numerology to meet its requirement. Note that a UE may support more than one service simultaneously. Therefore, it is 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 provided their view on the SR mechanism in NR as follow

Agreements

1.
Multiple SR configurations can be configured to the UE and which SR configuration is used depends on the LCH that triggers the SR.  The granularity of SR configuration for a logical channel is FFS.
2. 
From RAN2 point of view a single bit SR with multiple SR configuration is sufficient to distinguish the “numerology/TTI length” of the logical channel that trigger the SR.  RAN2 has not identified other use cases for which multibit SR is need with sufficient support.

3.
RAN2 does not see the need to convey buffer status information.

4. 
Send LS to RAN1 to indicate to RAN1 that RAN2 doesn’t see the need to support multi-bit SR.
In short, RAN2 agreed that multiple SR configurations can be configured to a UE, which is sufficient to distinguish the “numerology/TTI length” of the logical channel that triggers the SR. Also, RAN2 does not see the need to support multi-bit SR for this purpose.
In RAN1, there was discussion about SR enhancements such as single-bit SR with multiple configurations and multi-bit SR. Comparing the tradeoffs between single-bit SR with multiple configurations and multi-bit SR, utilizing multiple SR configurations 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. For example, the SR resource for less stringent service (e.g. SR for eMBB) can be allocated with longer periodicity. However, in case of multi-bit SR, it requires 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 for reliable SR transmission will be larger than for 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 multiple SR configurations. 
Moreover, 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, multi-bit SR 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 multiple SR configurations will anyway be provided as it is a simple parallelization of the case that a UE has a single SR configuration. In addition, multiple SR configurations provide additional benefit of allowing some networks to configure it while others may fall back on using a single SR per UE. Based on above observations, the single-bit with multiple SR configurations is preferred and details on SR configurations are up to RAN2 decisions.

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

· The details on SR configuration are up to RAN2 decisions
2.2 Collision between different SR configurations
For SR transmission, a SR resource (i.e. PUCCH time and frequency resource and corresponding PUCCH format) can be semi-statically and UE specifically configured. For a SR configuration with short periodicity (e.g. for URLLC), a short PUCCH format for small payload (e.g. up to 2bits) can be candidate for this SR transmission. Similarly, a long PUCCH format for small payload can also be candidate for other SR transmission. Therefore, it is desirable that both short PUCCH (for latency reduction with low SCS) and long PUCCH (for coverage enhancement with low SCS or for latency reduction with high SCS) can be configured for SR. 
In case for multiple SR configurations, gNB can configure each SR configuration in different time and frequency resource to avoid collision between SR configurations as much as possible. However, there is a case that collisions between different SR configurations cannot be avoided at least in time domain. For example, a UE is configured with multiple SR resources with different periodicity (e.g. Periodicity of SR configuration 1 is a symbol while that of SR configuration 2 is 10ms) the collision cannot be avoided in every 10ms.

Observation: When multiple SR resources are configured for the UE, different SR configurations may collide at least in time.

In RAN1#90, it was agreed that in case of collision between SR-only, only one SR is transmitted at a given time, and the prioritization of which SR should be transmitted will be decided by RAN2. One example of prioritization would be that the SR with the shortest periodicity (or SR for LCH with higher priority) among the configured SRs is prioritized. Alternatively, the prioritization can be explicit as part of the SR configuration. For the collision, SR resources for different SR configurations can be partially overlapped. In this case, the earlier SR can be prioritized. If the SR is required to be transmitted with HARQ-ACK, HARQ-ACK can be transmitted on the configured SR resource similar to LTE.

Proposal 2: If HARQ-ACK+SR are simultaneously transmitted, HARQ-ACK is transmitted on the configured SR resource.
For URLLC 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, a mechanism for improving the reliability of SR transmission should also be considered. For example, frequency diversity, and/or repetition, and/or large PRB allocation can be considered. Note that mechanisms for improving the reliability of PUCCH for HARQ-ACK can also apply for SR transmission. 

2.3 SR resource configuration for BWP
In RAN1#89, it was agreed that a UE expects at least one DL bandwidth part (BWP) and one UL BWP being active among the set of configured BWPs at a given time instant. Based on that agreement, PUCCH and PUSCH will be transmitted within an active BWP. In case of a single active BWP, following two options can be considered for a SR transmission.
· Option 1: A SR configuration for a LCH is configured only in one (or parts) of configured BWP(s) 
· Option 2: A SR configuration for a LCH is configured in all configured BWP(s)
For Option 1, if the BWP of SR and the currently activated UL BWP are different, retuning is required to send SR so that some symbol(s), if the UE has an ongoing transmission, may need to be punctured. However, the impact from retuning may not be significant because SR is not frequently triggered and additional delay from retuning is much smaller than the delay due to SR that comes from higher layers. This option also results to minimum overhead as SR resources per UE need to be configured in one BWP.
For Option 2, since SR can be configured in multiple BWPs, SR can be transmitted in the active BWP without retuning. However, if the active BWP is indicated by DCI and if the UE does not detect the activated DCI, the UE transmits SR in the previous activated BWP. The gNB performs DTX detection at the current BWP and at the previous BWP and determines the SR to receive. This places additional reliability requirements on the SR transmission due to the multiple DTX requirements by the gNB. Furthermore, with option 2, the SR and corresponding PUCCH configuration should be further considered when a UE is configured BWPs and only one BWP is active at a time. When the active BWP is switching among multiple configured BWPs, the PUCCH also switches among the multiple configured BWPs. The numerologies of different BWPs may be different, the number of PRBs of different BWPs may be different, and the impact of different numerologies and of the different numbers of PRBs to the PUCCH resource configuration needs to be considered. Considering these aspects, it is preferred that a SR configuration for a LCH is configured only in one configured BWP (e.g. default BWP).
Proposal 3: A SR configuration for a LCH is configured only in one of configured BWP(s)
2.4 Others
Multi-slot scheduling/aggregation
Control signaling overhead for scheduling can be reduced by using multi-slot scheduling (or slot-aggregation). Possible options for multi-slot scheduling are as follows:

Option 1: Single scheduling grant in a slot schedules N (N(1) Transport Block (TB) transmissions in N slots (i.e. an independent transport block per slot)

· Each TB is mapped on each slot and associated with its own HARQ process.

· N HARQ-ACKs are fed-back in response to N TBs unless HARQ-ACK bundling is configured.

· LTE eLAA adopted option 1 for multi-subframe scheduling operation.

Option 2: Single scheduling grant in a slot schedules the same TB transmission in N slots (i.e. same TB with RV change in each slot)
· The same TB is mapped on each slot possibly with varying redundancy version (RV)

· The TB (i.e. the same across N slots) is associated with a single HARQ process. 

· A single HARQ-ACK is fed-back in response to the TB.

· LTE TTI bundling and eMTC work in accordance with option 2. That is, coverage extension is the main benefit of option 2.

Option 3: Single scheduling grant in a slot schedules a single Transport Block (TB) transmission in N slots (i.e. a single transport block across N slots)

· The TB is mapped across N slots and associated with a single HARQ process.

· The TBS is relatively larger in proportion to the number of aggregated slots.

· A single HARQ-ACK is fed-back in response to the TB.

When a UE has a large amount of data to transmit/receive, option 1 is beneficial to minimize control channel overhead because multiple TBs can be scheduled by a single UL/DL DCI. Note that in this option there is a trade-off between signaling overhead reduction and scheduling flexibility. For flexible scheduling, every control field (e.g., resource allocation, MCS, HARQ information, etc.) can be slot-specific, which results in DCI overhead. Otherwise, as in LTE eLAA, an UL grant-specific control field (e.g., the same resource allocation and MCS are applied for all scheduled slots) can be considered. For coverage extension, option 2 can be used. Note that option 2 was already agreed to be supported in NR. 

Compared to option 1 and 2, additional specification efforts and implementation complexities at gNB/UE side are expected for option3 while potential benefits from option 3 are not clear. For example, the supportable TBS of option 3 would differ from other options. Option 1 and 2 can support the same TBS as in case without multi-slot scheduling. However, option 3 would require larger TBS as a function of the number of scheduled slots. In addition, for decoding of a TB across multiple slots, the gNB may have additional decoding and/or channel estimation capability to decode a TB, which may increase implementation complexity.
Proposal 4: NR does not support mapping a TB is across multiple slots.
3 Conclusions 

This contribution considers aspects of SR transmission for multiple configurations in NR and proposes the following based on the discussion.

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

· The details on SR configuration are up to RAN2 decisions

Proposal 2: If HARQ-ACK+SR are simultaneously transmitted, HARQ-ACK is transmitted on the configured SR resource.
Proposal 3: A SR configuration for a LCH is configured only in one of configured BWP(s)

Proposal 4: NR does not support mapping a TB is across multiple slots.
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