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Introduction
During RAN2#98[1] and AD-Hoc[2] meeting, we had much progress on SR. However, there is still some FFS left:
	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.  


Discussion
2.1 Is grouping needed for the purpose of LCHs and SR configuration mapping?
Multiple SRs are used to distinguish the TTI/numerology associated with the logical channel which triggers an SR, thus allowing the NW to provide a grant for carrying (at least) the BSR in the appropriate TTI/numerology. Therefore, it is reasonable that the logical channels associated with the same TTI/numerology(s) are mapped to the same SR configuration. Also, such grouping reduces both the number of required SR configurations as well as the RRC signalling overhead. Such grouping of logical channels already exists with BSR LCGs, which legacy usage was to group logical channels with similar priority. However in NR, the BSR reporting should in addition allow the NW to distinguish the potential TTI/numerology restrictions of the pending data. Since the buffer state is reported in the granularity of LCG, LCHs belonging to one LCG should now also reflect the same mapping onto TTI/numerology. In this light, the LCG used for BSR reporting can be reused for SR mapping purpose.
Observation 1: It is more signaling and resource-efficient to configure mapping between LCGs and SR configuration rather than mapping between LCHs and SR configuration.
Observation 2: The LCG used for BSR reporting can be reused for SR mapping purpose.
Since the LCG for BSR can be reused, no new LCG configuration needs to be introduced. Therefore, we propose to configure the mapping between LCGs and SR configurations by RRC signalling. 
Proposal 1: The mapping between LCGs and SR configurations is performed by RRC signalling. This LCG is the same as that used for BSR reporting.
Proposal 2: An LCH triggering an SR uses the SR configuration mapped to the LCG it belongs to.

2.2 Whether a logical channel can be mapped to more than one SR configuration
In LTE CA, it is possible to provide SR configuration to both PCell and SCell PUCCH(s) and both can be used by all logical channels. This can help offloading the PUCCH of PCell. In NR, this mechanism should also be considered. For instance, when a logical channel QoS requires as fast as 1ms periodic SR resource, NW can configure two SR configurations with 2ms periodicity each on two different serving cells/numerologies and configure 1 ms offset to the two SR configurations. Then NW maps the logical channel to these two SR configurations so that the PUCCH load is balanced across the two serving cells. In this light, we prefer that a logical channel can be mapped to more than one SR configuration. Moreover, if a logical channel is mapped to more than one SR configuration, the pending SR triggered should be transmitted over the valid SR resource which comes first in time.
Proposal 3: A logical channel can be mapped to more than one SR configuration.
Proposal 4: If a logical channel is mapped to more than one SR configuration, the triggered SR should be transmitted over the valid SR resource which comes first in time.

2.2 SR parameters
In LTE, UE only has one set of UE-specific SR parameters (SR_COUNTER, dsr-TransMax and sr-ProhibitTimer). Since there is only one SR configuration, the UE-specific SR parameters are sufficient. However, in NR, UE can have more than one pending SRs. For instance, before a previously triggered SR completes successfully, a new SR is triggered as data becomes available for a LCH with higher priority. If the pending SRs are triggered by LCHs mapped to different SR configurations, the SR sent by UE will use SR resources belonging to different SR configurations. In this case, some problem can be expected for the UE-specific SR parameters as follow:
SR_COUNTER&dsr-TransMax: A UE-specific SR_COUNTER will record the total number of SR transmissions over several SR configurations. Therefore, it would be hard to estimate the PUCCH channel condition corresponding to each individual SR configuration, since the number of SR transmissions over each SR configuration is not recorded individually.
sr-ProhibitTimer: This timer is used to avoid unnecessary frequent transmission of SR. To our understanding, this timer is set considering the time taken by eNB to process a received SR and allocate resource accordingly. This time value would be different for SR configurations located on different TTI/numerologies. Therefore, it is hard to use a UE-specific timer to cover all configurations.
This requires SR configuration specific SR_COUNTER& dsr-TransMax to estimate the PUCCH channel condition corresponding to each SR configuration, independently. In addition, a perfect value of sr-ProhibitTimer should consider the processing time for SR on different TTI/numerologies. Based on these, we propose:
Proposal 5: The sr-prohibitTimer is SR configuration specific.
Proposal 6: The SR_COUNTER&dsr-TransMax are SR configuration specific.
A text proposal including the SR configuration parameters is illustrated in the appendix.

2.3 Handling of SR failure
In LTE, if the SR_COUNTER used to record the number of SR transmissions reaches dsr-TransMax, UE will release PUCCH for all serving cells and initiate a RACH procedure. In NR, this can be also considered as the mechanism to handle the SR failure. Moreover, in case of SR_COUNTER corresponding to one SR configuration reaches dsr-TransMax, if UE can send the pending SR using other SR configuration rather than inititate RACH, the UL scheduling latency can be reduced. Following, we will compare the two options.
Option 1: When an SR_COUNTER reaches dsr-TransMax, UE relase PUCCH for all serving cells and inititate a RACH procedure.
Option 2: When an SR_COUNTER corresponding to an SR configuration reaches dsr-TransMax, pending SR triggered by logical channel mapped to this SR configuration can be sent over other SR configurations.
For Option 1, the LTE mechanism is reused and minor standardization effort is needed. Option 2 can give full play to the multiple SR configurations. Figure 1 illustrates how option 2 works. 


Figure 1 – Option 2
In this example, LCH1 is mapped to SR configuration 1 but not SR configuration 2 and SR_COUNTER-1 is configured for SR configuration 1. In case SR_COUNTER-1 reaches dsr-TransMax, UE select SR configuration 2 as the alternative SR configuration to send the SR triggered by LCH1. This can reduce the latency of scheduling request compared with triggering RA-SR. Furthermore, whether the PUCCH channel conditions of the two SR configurations are consistent should be considered:
Case 1 – PUCCH channel conditions of the SR configurations are consistent (e.g. their PUCCH resource are code-division or time-division on the same frequency)
Case 2 – PUCCH channel conditions of the SR configurations are not consistent (e.g. their PUCCH resources are on different frequency/carrier)
For case 2, it is reasonable to support UE to select SR configuration 2 as the alternative of SR configuration 1. But for case 1, it likely the PUCCH of both SR configurations suffer from radio link problem as long as any SR_COUNTER reaches dsr-TransMax.
Since NW is able to know whether the PUCCH channel condition of the SR configurations are consistent, it can indicate whether UE supports option 2. If UE does not support option 2, it should initiate RACH procedure as long as an SR_COUNTER reaches dsr-TransMax. The NW can further configure which SR configuration can be selected as alternative for a certain SR configuration.
Proposal 7: If UE is configured to select a fallback SR configuration, an LCH can use the fallback SR configuration after SR_COUNTER of its mapped SR configuration reaches dsr-TransMax.
Proposal 8: UE can be indicated whether it support to select alternative SR configuration. NW can further configuration alternative SR configuration(s) for a certain SR configuration.
Proposals
Observation 1: It is more signaling and resource-efficient to configure mapping between LCGs and SR configuration rather than mapping between LCHs and SR configuration.
Observation 2: The LCG used for BSR reporting can be reused for SR mapping purpose.
Proposal 1: The mapping between LCGs and SR configurations is performed by RRC signalling. This LCG is the same as that used for BSR reporting.
Proposal 2: An LCH triggering an SR uses the SR configuration mapped to the LCG it belongs to.
Proposal 3: A logical channel can be mapped to more than one SR configuration.
Proposal 4: If a logical channel is mapped to more than one SR configuration, the triggered SR should be transmitted over the valid SR resource which comes first in time.
Proposal 5: The sr-prohibitTimer is SR configuration specific.
Proposal 6: The SR_COUNTER&dsr-TransMax are SR configuration specific.
Proposal 7: If UE is configured to select a fallback SR configuration, an LCH can use the fallback SR configuration after SR_COUNTER of its mapped SR configuration reaches dsr-TransMax.
Proposal 8: UE can be indicated whether it support to select alternative SR configuration. NW can further configuration alternative SR configuration(s) for a certain SR configuration.
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Appendix
	[bookmark: _Toc481081650]5.4.4	Scheduling Request
The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission.
When an SR is triggered, it shall be considered as pending until it is cancelled. All pending SR(s) shall be cancelled and all running sr-ProhibitTimer(s) shall be stopped when a MAC PDU is assembled and this PDU includes a BSR which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5), or, if all pending SR(s) are triggered by Sidelink BSR, when a MAC PDU is assembled and this PDU includes a Sidelink BSR which contains buffer status up to (and including) the last event that triggered a Sidelink BSR (see subclause 5.14.1.4), or, if all pending SR(s) are triggered by Sidelink BSR, when upper layers configure autonomous resource selection, or when the UL grant(s) can accommodate all pending data available for transmission.
If an SR is triggered and there is no other SR pending mapped to the same SR configuration, the MAC entity shall set the SR_COUNTER of the corresponding SR configuration to 0.
As long as one SR is pending, the MAC entity shall for each TTI:
-	if no UL-SCH resources are available for a transmission in this TTI:
-	if the MAC entity has no valid PUCCH resource for SR configured in any TTI and if rach-Skip for the MCG MAC entity or rach-SkipSCG for the SCG MAC entity is not configured: initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel all pending SRs;
-	else if the MAC entity has at least one valid PUCCH resource of SR configuration mapped to for a pending SR configured for this TTI and if this TTI is not part of a measurement gap or Sidelink Discovery Gap for Transmission and if sr-ProhibitTimer is not running:
-	if SR_COUNTER configured for correponding SR configuration < dsr-TransMax configured for corresponding SR configuration:
-	increment SR_COUNTER configured for correponding SR configuration by 1;
-	instruct the physical layer to signal the SR on one valid PUCCH resource for SR;
-	start the sr-ProhibitTimer configured for corresponding SR configuration.
-	else:
-	notify RRC to release PUCCH for all serving cells;
-	notify RRC to release SRS for all serving cells;
-	clear any configured downlink assignments and uplink grants;
-	initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel all pending SRs.
NOTE:	The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one valid PUCCH resource for SR in one TTI is left to UE implementation.
NOTE:	SR_COUNTER is incremented for each SR bundle. sr-ProhibitTimer is started in the first TTI of an SR bundle.
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