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1.	Introduction
In RAN2 NR AH#2, RAN2 made agreements as follows:
Agreements:
1. In case multiple SRs are configured, for each LCH, there will be a mapping between LCHs and SR configuration and the mapping should be configured by RRC signalling. FFS if grouping is needed.  
2. A logical channel can be mapped to none or one SR configuration. FFS if a logical channel can be mapped to more than one SR configuration.  

This contribution discusses the detailed SR resource configuration and SR procedure based on these agreements. 

2.	Discussion
Although it was agreed that each logical channel is mapped to a SR configuration, it was left as FFS if grouping is needed. In general, the grouping is to save signaling overhead while the cost is reduced flexibility because all logical channels in the same group has the same SR configuration. 
Given that it would be sufficient to provide only the SR configuration index for each logical channel, the signalling overhead from SR configuration per logical channel would not be huge. However, assuming that there may not be so many SR configurations due to limited SR resource, there may not be a real motivation to configure SR resource per logical channel. Thus, we consider that it is sufficient to configure SR resource per group of logical channels.
In LTE, there was no concept of numerology, and hence, the network would only consider the priority of logical channel to assign the LCG. However, in NR with support of numerology, the network may consider the numerology as well as the priority when assigning the LCG. In this sense, perhaps the LCG can be reused as SR group. One may think reusing LCG for SR group is not proper because multiple SR should aim at providing different information than LCG. However, in our understanding, the main purpose of supporting multiple SR is to inform numerology earlier than BSR, and hence, it still makes sense to reuse LCG as SR group.
Proposal 1. SR configuration is provided per LCG.

It is also FFS if a logical channel can be mapped to more than one SR configuration. The intention of more than one SR configuration would be to directly indicate the numerologies of logical channel that have data instead of indicating the logical channel itself. For a better understanding, two possible approaches with multiple SR are described below:

Approach 1. The network assigns one SR configuration per LCG, where the SR configuration is mapped to the LCG. When SR is triggered by a logical channel within the LCG, the UE sends the SR mapped to the LCG. When the network receives an SR from the UE, the network knows which LCG has data, which logical channels belong to that LCG, and which numerologies are mapped to the logical channels belonging to that LCG. Thus, network can deduce the numerologies of logical channel that have data and select a proper numerology among them.
Approach 2. The network assigns more than one SR configuration per LCG, where each SR configuration is mapped to a certain numerology. When SR is triggered by a logical channel within the LCG, the UE sends multiple SR which are mapped to the LCG. When the network receives multiple SR from the UE, the network knows candidate numerologies and select a proper one among them.

In Approach 1, one SR transmission indicates multiple numerologies whereas, in Approach 2, one SR transmission can only indicate one numerology. Therefore, in Approach 1, the network takes the earliest received SR from the UE (as in LTE) while in Approach 2, the network may need to wait until all numerologies information are received. However, the network cannot know how long to wait and may take the earliest received SR, which doesn’t allow proper selection of numerologies due to lack of full numerology information.
In addition, in Approach 1, as the number of LCGs is at most 8, at most 8 SR configurations are needed. However, in Approach 2, depending on the number of combinations of numerologies (SCS, TTI duration, carrier, possibly K2 according to the e-mail discussion [NR-AH2#15]), more than 8 SR configurations may be needed. 
Therefore, we consider that more than one SR configuration per LCG is not preferred in terms of scheduling flexibility and SR resource limitation.
Proposal 2. At most one SR configuration is provided for one LCG. It is not possible to provide more than one SR configuration per LCG.

With Proposal 1 and 2, we further present the SR procedure below.
Today in LTE, there is only one SR procedure even when multiple SR resource are configured, e.g., one on PCell and the other one on PUCCH SCell. Using one SR procedure means that there is one SR prohibit timer and one SR counter regardless of the SR configuration on which the SR is transmitted.
In NR, however, the situation is a bit different. The SR transmission on one SR configuration shouldn’t prevent SR transmission on another SR configuration because different SR configuration delivers different information to the gNB. Thus, we need separate SR prohibit timer per SR configuration.
Proposal 3. Separate SR prohibit timer is configured per SR configuration.

SR counter is to detect the SR transmission failure and to trigger a RA Procedure. As different SR configuration may provide different SR performance depending on e.g., numerology, it would be logical to count the SR failure per SR configuration.
Proposal 4. Separate SR counter is used per SR configuration, i.e., the UE counts the number of SR transmission per SR configuration.

In LTE, the UE triggers RA procedure upon reaching the maximum SR counter. However, in NR with Proposal 3 and 4, it may not be necessary to trigger RA procedure upon reaching the maximum SR counter for an SR configuration as long as there is on-going SR transmission on another SR configuration because the UE could receive an UL grant in response to the on-going SR transmission.
Proposal 5. Upon reaching the maximum SR counter for an SR configuration, the UE triggers RA procedure only if there is no on-going SR transmission on another SR configuration.

In LTE, the UE cancels all pending SR when the UE includes a BSR in a MAC PDU or the UL grant can accommodate all pending data. The same rule can be used in NR as well because the BSR will let the gNB to know BS information for all LCG having data to transmit. In other words, the gNB can figure out which numerologies are required based on BSR. Thus, there is no reason for the UE to keep transmitting SR and BSR at the same time by cancelling only the specific SR depending on the numerologies of the received UL grant.
Proposal 6. The UE cancels all pending SR when the UE includes a BSR in a MAC PDU or the UL grant can accommodate all pending data.

In LTE, when multiple SRs collide, it was left up to UE implementation to select one since there is no difference in multiple SR. In NR, however, each SR configuration would carry different information, and hence, it seems reasonable that the UE transmits all collided SR, i.e., not select one. In the meanwhile, there could be a power issue in transmitting multiple SRs at the same time. Thus, it would be good to wait for RAN1 discussion while keeping in mind that from RAN2 perspective it would be reasonable to transmit SR on all collided SR configurations.
Proposal 7. In case multiple SR configurations collide, it would be beneficial to transmit SR on all collided SR configurations because each SR configuration delivers different information, i.e., different logical channel information.

In differentiating SR configuration per LCG, the intention is to indicate which logical channel has triggered the SR. Given that SR is triggered by BSR, we would need to check whether the current BSR trigger condition is sufficient to support this behavior.
Today in LTE, the UE triggers a regular BSR when
UL data, for a logical channel which belongs to a LCG, becomes available for transmission in the RLC entity or in the PDCP entity and either the data belongs to a logical channel with higher priority than the priorities of the logical channels which belong to any LCG and for which data is already available for transmission, or there is no data available for transmission for any of the logical channels which belong to a LCG. 
It means that the UE does not trigger a BSR when a data becomes available for a logical channel that has a lower priority than a logical channel that already has data available for transmission, even if those two LCHs are mapped to different SR configurations, i.e., different LCGs. Considering that different SR configuration is used for requesting UL grant with different numerology, the current BSR trigger may not support this intention well.
One possible way would be that when UL data becomes available for a logical channel and if it is the first data of an LCG, the UE triggers a regular BSR. If there is no UL resource for transmitting the regular BSR, the UE triggers a SR and transmits the SR on the associated SR configuration.
Proposal 8. In order to support SR differentiation between LCGs, a new BSR trigger condition is required, i.e., when UL data becomes available for a logical channel and if it is the first UL data from the LCG, the UE triggers a regular BSR.
3.	Conclusion
In this contribution, we discussed how to realize multiple SR configuration and SR procedure in detail. Our proposals are:
Proposal 1. SR configuration is provided per LCG.
Proposal 2. At most one SR configuration is provided for one LCG. It is not possible to provide more than one SR configuration per LCG.
Proposal 3. Separate SR prohibit timer is configured per SR configuration.
Proposal 4. Separate SR counter is used per SR configuration, i.e., the UE counts the number of SR transmission per SR configuration.
Proposal 5. Upon reaching the maximum SR counter for an SR configuration, the UE triggers RA procedure only if there is no on-going SR transmission on another SR configuration.
Proposal 6. The UE cancels all pending SR when the UE includes a BSR in a MAC PDU or the UL grant can accommodate all pending data.
Proposal 7. In case multiple SR configurations collide, it would be beneficial to transmit SR on all collided SR configurations because each SR configuration delivers different information, i.e., different logical channel information.
Proposal 8. In order to support SR differentiation between LCGs, a new BSR trigger condition is required, i.e., when UL data becomes available for a logical channel and if it is the first UL data from the LCG, the UE triggers a regular BSR.
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