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1 Introduction

In RAN2 #97bis, the following agreements were achieved for SR [1]:

Agreements on SR

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

In this contribution, we present our view on SR enhancements with multiple numerologies from RAN2 perspective.
2 Discussion
2.1 Information in SR

In LTE, when a scheduling request (SR) is triggered, UE indicates to the eNB that it has data to transmit in the buffer. The eNB provides a default UL grant which is used by the UE to transmit the data and/or BSR. It may be that the provided UL grant is enough to transmit all data. However, it is also likely that the UL grant is not enough and UE has to request another grant using BSR. The consequence of this process is additional delay for the case when UE would have been able to transmit all data, had the first UL grant been little bit larger. 

In LTE, the eNB has no information whether the UE has large or small amount of data until the eNB receives a BSR. For delay sensitive use cases, it can be beneficial if the SR is enhanced to piggyback more information about the characteristic of data being queued at the UE buffer. It is because UE might be able to transmit all the data in the first UL grant it receives without waiting for the next UL grant received based on BSR. 

Proposal 1: SR carries the information on the amount of buffered UL data of the logical channel triggered the SR.

2.2 Indicating numerology/TTI type
As described in the introduction, in last RAN2 meeting, it was agreed that the SR should at least distinguish the “numerology/TTI type” of the logical channel that triggered the SR. The motivation to indicate the numerology/TTI type via SR transmission is to assist the gNB on allocating UL grants with satisfactory numerology/TTI type. 
There may be more than one LCHs that triggered the SR. The SR could imply the “numerology/TTI type” of the logical channel with the highest priority that triggered the SR. With this information, at least the proper scheduling of the logical channel with the highest priority on the corresponding numerology/TTI type could be guaranteed.
Proposal 2: The SR should- imply the “numerology/TTI type” of the logical channel with the highest priority that triggered the SR. 
If the logical channel is mapped to multiple “numerologies/TTI types”, which “numerology/TTI type” to be indicated by SR is a question. There are several options described as below:
1. Based on the configuration of gNB
Multiple “numerologies/TTI types” may be configured to a LCH when the LCH was established. At the same time, gNB could also configure the priority for each “numerology/TTI type”. And the “numerology/TTI type” with highest/lowest priority could be indicated by SR.
2. Based on UE implementation
· Which “numerology/TTI type” to be indicated by SR could also be randomly selected by UE itself.

· UE selects the “numerology/TTI type” with the shortest/longest TTI length

· UE selects the “numerology/TTI type” with the highest/lowest reliability

· UE selects the “numerology/TTI type” the corresponding SR resource to which is the densest. 

· UE selects the “numerology/TTI type” the corresponding SR resource to which comes first.
Proposal 3: If the logical channel is mapped to multiple “numerologies/TTI types”, which “numerology/TTI type” to be indicated by SR should be based on the configuration of gNB or based on the implementation of UE.  
Issues related to how to indicate the “numerology/TTI type” of the logical channel that triggered the SR via SR transmission has already been discussed in RAN1 without conclusion. Currently, there are three alternatives described as below. Here, we just analysis the potential impact on RAN2 for all these alternatives. 
Option 1: based on numerology/TTI type specific SR resource
For this option, each SR transmission carries only 1 bit and different numerologies/TTI types are mapped onto designated SR resources. The detailed relationship between numerologies/TTI types and SR resources are configured through higher layer signalling. When SR is triggered, MAC needs to inform PHY on which SR resource to perform the SR transmission, which is the same as LTE. Therefore, this mechanism is more robust but introducing some complexity on SR resource allocation. 
Option 2: based on multiple bits

For this option, each SR transmission can carry multiple bits and different numerologies/TTI types are mapped onto common SR resources. UE can indicate numerology/TTI type of the UL traffic (and even potentially BSR) through the contents of SR message. When SR is triggered, MAC needs to inform PHY the numerology/TTI type of the LCH that triggered the SR, which is certainly different from that in LTE. Therefore, this mechanism is simpler but adding much overhead and introducing complexity on the interaction between MAC and PHY. 
Option 3: based on numerology/TTI type specific SR resource and multiple bits

This option is the combination of the above two options, which introduces less SR resources as well as less bits. When SR is triggered, MAC needs to inform PHY on which SR resource to perform the SR transmission and the numerology/TTI type of the LCH that triggered the SR. This mechanism has all the pros and cons of the above two options. 
Based on the analysis, all these three options has advantages and disadvantages as illustrated in Figure 1. Considering the overhead issue and complexity on the interaction between MAC and PHY, we propose to adopt option 1, i.e., indicating the numerology/TTI type through numerology/TTI type specific SR resource. 
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Figure 1 

Proposal 4: The numerology/TTI type of the logical channel that triggered the SR is indicated through numerology/TTI type specific SR resource.
2.3 SR configuration
Based on the analysis in the previous section, the numerology/TTI type of the logical channel that triggered the SR is indicated through numerology/TTI specific SR resource. Therefore, there is a one to one mapping between a certain numerology/TTI type and the configured SR resource. Reasonably, the corresponding configurations including SR periodicity and SR prohibit timer should be per numerology/TTI type, detailed analysis is as below:
The QoSs of different logical channels (services) are different. For example, URLLC has tighter latency requirement than MBB. When a URLLC service triggers a SR, the required UL grant should be mapped to a numerology/TTI type with short latency. On the other side, for MBB service, a UL grant with a numerology/TTI type of long latency is enough. The same principle applies to the periodical transmission as well as prohibition of SR. Recent RAN1 agreement to support short-periodicity SR can be used to help meet the UL scheduling latency requirements. A SR requiring a UL grant with a numerology/TTI type of short latency needs to have shorter SR periodicity and SR prohibit timer than that requiring a UL grant with a numerology/TTI type of long latency. Therefore, both SR periodicity and SR prohibit timer should be configured for each numerology/TTI type by network. 
Proposal 5: SR periodicity for each numerology/TTI type can be configured by the network.

Proposal 6: SR prohibit timer for each numerology/TTI type can be configured by the network.

In addition, although it is already agreed that a single logical channel can be associated with multiple numerologies/TTI types, among all the numerologies/TTI types that a certain logical channel mapped to, it is reasonable to always require a UL grant with the numerology/TTI type of shortest latency. In addition, only upon SR transmission for a UL grant with the certain numerology/TTI type, should the SR_COUNTER increase once. Therefore, it is proposed to introduce per numerology/TTI type SR_COUNTER. And SR_COUNTER should be incremented for each SR transmission requiring a UL grant with the same numerology/TTI type.
Proposal 7: SR_COUNTER is configured per numerology/TTI type.

Proposal 8: SR_COUNTER is incremented for each SR transmission requiring a UL grant with the same numerology/TTI type.
2.4 SR cancellation

As already mentioned, the SR should at least distinguish the “numerology/TTI type” of the logical channel that triggered the SR. That is to say, SR is used to request a grant for resource with a specific numerology/TTI type. If resource with the same or higher priority than the priority of the specific numerology/TTI type is received and a corresponding BSR is assembled, all pending SR(s) for a specific numerology/TTI type shall be cancelled. Because the resource received can meet the requirement of the resource that SR requested.
Proposal 9: All pending SR(s) for a specific numerology/TTI type shall be cancelled if resource with the same or higher priority than the priority of the specific numerology/TTI type is received and a corresponding BSR is assembled.

As stated above, SR_COUNTER should be configured per numerology/TTI type. Thus, if all pending SR(s) for a specific numerology/TTI type are cancelled, the MAC entity shall set the SR_COUNTER related with the corresponding numerology/TTI type to 0.
Proposal 10: If all pending SR(s) for a specific numerology/TTI type are cancelled, the MAC entity shall set the SR_COUNTER related with the corresponding numerology/TTI type to 0.
3 Conclusion

In this contribution, we present our view on SR enhancements with multiple numerologies from RAN2 perspective. 
Proposal 1: SR carries the information on the amount of buffered UL data of the logical channel triggered the SR

Proposal 2: The SR should- imply the “numerology/TTI type” of the logical channel with the highest priority that triggered the SR. 
Proposal 3: If the logical channel is mapped to multiple “numerologies/TTI types”, which “numerology/TTI type” to be indicated by SR should be based on the configuration of gNB or based on the implementation of UE.  Proposal 4: The numerology/TTI type of the logical channel that triggered the SR is indicated through numerology/TTI type specific SR resource.
Proposal 5: SR periodicity for each numerology/TTI type can be configured by the network.

Proposal 6: SR prohibit timer for each numerology/TTI type can be configured by the network.

Proposal 7: SR_COUNTER is configured per numerology/TTI type.

Proposal 8: SR_COUNTER is incremented for each SR transmission requiring a UL grant with the same numerology/TTI type
Proposal 9: All pending SR(s) for a specific numerology/TTI type shall be cancelled if resource with the same or higher priority than the priority of the specific numerology/TTI type is received and a corresponding BSR is assembled.
Proposal 10: If all pending SR(s) for a specific numerology/TTI type are cancelled, the MAC entity shall set the SR_COUNTER related with the corresponding numerology/TTI type to 0.
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