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1   Introduction
In RAN2#99 meeting [1], the following agreements were achieved for scheduling request (SR) in NR:

Agreements:

1. One or multiple logical channel(s) are mapped to SR configuration (e.g. not LCG)

2. RAN2 understanding is that numerology of the SR transmission need not be the same as the numerology of the LCH which triggered the SR

3. For the single-cell case, one single LCH is mapped to none or one SR configuration per BWP.  This agreement is pending confirmation from RAN1 that a single BWP can support multiple SR configurations and understanding of how BWP is switched.  

FFS how to handle SR configuration, mapping and transmission for CA case

4. sr-ProhibitTimer is independently configured per SR configuration.  Whether a single timer or multiple timers are running at the same time are FFS.   

5. drs-TransMax is independently configured per SR configuration.  FFS whether SR_COUNTER is maintained for each SR configuration independently

In addition, RAN1 has reached the following agreements with respect to SR transmissions:
	· 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


In this contribution, we discuss SR procedure, including SR triggering, SR transmission and SR cancellation, in NR by taking into account the above agreements as well as the running TS 38.321 [2]. Compared with the earlier version, this contribution further discusses the handling of collisions between multiple SRs as well as those between SR and UL-SCH transmission.
2   Discussion
2.1   SR triggering
In LTE, there are three types of BSR: Regular BSR, Padding BSR and Periodic BSR as specified in TS 36.321. An SR can only be triggered because of a triggered Regular BSR. We think this can also apply to the trigger of SR in NR.
Proposal 1: In NR, an SR can only be triggered by a Regular BSR as what LTE does.   
2.2   SR transmission
2.2.1   Handling of SR_COUNTER
In this contribution, we mainly focuse on the SR operations for none-CA/single cell cases, as the CA case may have more details that need separate discussions
. In legacy LTE, the dsr-TransMax is configured per MAC entity for non-CA case. Correspondingly, SR_COUNTER is maintained per MAC entity. It is obvious that the configuration of dsr-TransMax and the maintenance of SR_COUNTER should follow the same rule. In NR, dsr-TransMax is agreed to be per SR configuration, which we think is at least for the non-CA case (since the CA case was not involved when this agreement was made); thus, it is straightforward that the maintenance of SR_COUNTER can be also per SR configuration for the non-CA case in NR. 
Moreover, when an SR is transmitted on the valid PUCCH resources corresponding to an SR configuration, the SR_COUNTER of this SR configuration should be increased by one. 
Proposal 2: For non-CA case in NR, SR COUNTER can be maintained per SR configuration, where the SR_COUNTER of an SR configuration is added by 1 upon an SR transmission via this SR configuration.

As in LTE, when the SR_COUNTER of an SR configuration exceeds its corresponding maximum value dsr-TransMax, SR failure occurs. In this case, a random access procedure can be triggered. 
Proposal 3: A random access procedure can be triggered when the SR_COUNTER of an SR configuration reaches its corresponding dsr-TransMax, i.e. SR failure.

2.2.2   Handling of sr-ProhibitTimer
In last meeting, it has been agreed that sr-ProhibitTimer is independently configured per SR configuration. However, how many sr-ProhibitTimer can be running at the same time is left as FFS, and this issue tightly related to how many ongoing SR procedure(s) are allowed in parallel. 
· Option 1: Only single SR procedure can be running at the same time

· Option 2: Multiple SR procedures can be running in parallel at the same time

Option 1 allows only one SR procedure at the same time, so that some forms of interdependence are introduced among different SR configurations and standard efforts are exclusively needed to specify what if a new SR procedure starts while another is already ongoing in the MAC entity. Option 2 allows multiple SR procedures to be running in parallel, and each SR procedure can be implemented independently; so option 2 has less standard impact than option 1 by decoupling the SR procedures corresponding to multiple SR configurations. Also, since PUCCH uses dedicated resources, then in case there are pending SRs for different SR configurations, option 1 may lead to less efficient utilizations of all available PUCCH resources for SR than option 2, as only one of them is allowed to be used.
As a result, in terms of resource utilization and complexity, we prefer option 2. Correspondingly, multiple SR-ProhitTimers can be running independently at the same time.
Proposal 4: A UE in NR is allowed to perform SR procedures that correspond to multiple SR configurations in parallel, and thus multiple SR-ProhitTimers can be running at the same time. 
2.2.3   Handling of overlapped SR/SR transmission
In LTE, the UE may be configured with multiple SR configurations already with the introduction of PUCCH on SCell. So, it may happen that two SR opportunities are overlapped in time. In LTE, it is left to UE implementation to select which valid PUCCH resource for SR to transmit on.

Observation 1: In LTE, it is up to UE implementation in CA case which of the valid PUCCH resources to use to transmit SR when they collide with each other in time domain.
In NR, in addition to the CA case, it is possible that multiple PUCCH SR resources of different SR configurations with pending SR collide in time, even on the single carrier. Typically, in case of SR collision there could be the following options for selecting which SR to transmit.

· Option 1: transmit the SR on the PUCCH SR resource which is mapped to the logical channel who has the highest priority among the logical channels triggering SR;

· Option 2: transmit the SR on the PUCCH SR resource with the longest periodicity;

· Option 3: transmit the SR on the PUCCH SR resource with the shortest periodicity;

· Option 4: Left up to UE implementation

Option 1 seems to be the most straightforward way. If the pending SRs are triggered by separate regular BSRs each of which is triggered by a certain logical channel’s data arriving, then the UE can determine the logical channel that has the highest priority and further determine the PUCCH SR resource associating with it. However, if the pending SR is triggered by a regular BSR who is triggered due to the retxBSR-timer expiry, the UE cannot determine such a logical channel. So, option 1 may not be workable in some case, or some more complicated rules are needed to take all the conditions that trigger the SR.

Option 2 and option 3 do not care for which condition the SR is triggered. The argument for option 2 may be that if the SR using the PUCCH SR resource with the longest periodicity is not transmitted, it has to wait the longest time for the next chance to transmit the SR. The argument for option 3 may be that the SR using the PUCCH resource with the shortest periodicity is corresponding to LCH that has the most stringent LCH. Both arguments sound reasonable to some extent. However, both of them need extra standard impact to specify some rules. 

Different with the LTE case where the collided PUCCH SR resources convey the same information to the network, the PUCCH SR resource of each SR configuration will convey different information in NR. Considering this difference, the UE still is in the best position to decide which SR is prioritized, so it is straightforward that the UE itself is able to make the optimum decision based on smart implementation, i.e. Option 4, and this will lead to no further standard effort, unlike Option 1~3.   

So, based on the above analysis, it seems that Option 4 seems to be the best choice, for the sake of both an optimum selection as well as the minimum standard impact. Therefore, we prefer Option 4, and would like to leave the prioritization of multiple SRs for which PUCCH overlaps in the time domain to UE implementation.

Proposal 5: In the case that the PUCCH SR resources of different SR configurations overlap in the time domain, it is up to UE implementation on which PUCCH SR resource the SR is actually transmitted.

2.2.4   Handling of overlapped SR/UL-SCH transmission
In LTE, the UE’s MAC layer will instruct the PHY layer to transmit SR, only in case that no UL-SCH resources in the same TTI. This is because if there is UL-SCH resource in a TTI, the BSR can be transmitted, which provide more scheduling information to the eNB and hence no need to transmit the SR redundantly. This equivalently means that the UL-SCH transmission is unconditionally prioritized to the PUCCH transmission for SR, if the UL-SCH resource and PUCCH resource appears at the same time. 

However, in NR the situation is more complex due to the introduction of mapping between LCH and numerology/TTI length as well as the mapping between LCH and SR configuration. There could be the case that the UE have a UL-SCH resource, but it is not applicable for the transmission of some/all LCHs associated with a SR configuration, since the UL-SCH resource does not match the numerology/TTI lengths these LCHs are actually associated with. In this case, it is questionable whether pending SR(s) triggred by these LCHs should also anyway dropped, if the PUCCH of this SR configuration overlapped with the UL-SCH resource, as the UL-SCH may not be able to effectively carry the BS of these LCHs due to the numerology/TTI length mismatch.

Observation 2: Different from LTE, in NR a UE may receive UL-SCH resources, which overlaps with a PUCCH resource in the time domain, but is not applicable to the transmission of the LCH(s) associated with the same SR configuration due to numerology/TTI length mismatch. In this case, handling between UL-SCH and PUCCH for SR as in LTE may not apply also to NR.
We use the following example to illustrate the potential problem. It is assumed that the LCH2’s data require ultra low latency and it couldn’t be transmitted over the UL-SCH resource scheduled for LCH1. For the case as illustrated in Figure 3, if we follow the LTE’s handling, then the MAC PDU containing both of the BSR triggered by the LCH2 and the LCH1’s data will be transmitted over the scheduled UL-SCH resource, while leave the PUCCH SR resource for LCH2 unused. Then the gNB can only learn of LCH2’s demand for UL resource via the BSR transmitted over the UL-SCH resource intended for LCH1. However, the duration of the UL-SCH resource for LCH1 may be too long to stratify the LCH2’s latency requirement. Hence, in this case it is not a good idea to rely on the LCH1’s UL-SCH resource to covey the LCH2’s demand for UL resource. To address the problem of such case, the UE should transmit the SR of the LCH2 on its corresponding PUCCH resources.
Proposal 6: If the PUCCH SR resource of the corresponding SR configuration is overlapped with a UL-SCH resource, but the UL-SCH resource cannot be used to transmit the data of LCH(s) that are mapped to the SR configuration with pending SR, the UE shall transmit the SR on the PUCCH SR resource.
2.3   SR cancellation
According to the SR cancellation mechanisms specified in LTE, there are several cases for SR cancellation. By referring to legacy LTE design as well as considering the multiple SR configurations in NR, we think that in NR there can be the following cases where SR should be cancelled. 

Firstly, the logical channels now can correspond to their respective SR configurations, which are not necessarily the same. So we think that when a MAC PDU assembled already includes the buffer status information of a particular logical channel and this MAC PDU is to be transmitted on a UL grant matching the numerology/TTI length associated with this logical channel, the pending SR(s) for this logical channel is no need to be triggered or transmitted with the corresponding SR configuration, and thus should be cancelled. 
Proposal 7: All the pending SR(s) for a logical channel shall be cancelled, if a BSR is transmitted on the UL grant applicable for the transmission of the logical channel.

As a second case, we think that similar to LTE, if the UE receives a UL grant and the UL grant is sufficient to transmit the all pending data currently available within the logical channel(s) for transmission, then all the pending SR(s) should be cancelled as well. 
Proposal 8: As in LTE, all pending SR(s) shall be cancelled, if the UL grant can accommodate all the pending data available for transmission.
In addition, if there is SR failure, a random access procedure can be initiated on a PRACH resource corresponding to the logical channel as we proposed above. Once the random access procedure is initiated, all corresponding pending SR needs to be stopped in this case for the logical channel. 
Proposal 9: All pending SR(s) for a logical channel shall be cancelled, once random access is triggered on a PRACH resource corresponding to the logical channel due to SR failure.
3   Conclusion
Observation 1: In LTE, it is up to UE implementation in CA case which of the valid PUCCH resources to use to transmit SR when they collide with each other in time domain.
Observation 2: Different from LTE, in NR a UE may receive UL-SCH resources, which overlaps with a PUCCH resource in the time domain, but is not applicable to the transmission of the LCH(s) associated with the same SR configuration due to numerology/TTI length mismatch. In this case, handling between UL-SCH and PUCCH for SR as in LTE may not apply also to NR.
Proposal 1: In NR, an SR can only be triggered by a Regular BSR as what LTE does. 
Proposal 2: For non-CA case in NR, SR COUNTER can be maintained per SR configuration, where the SR_COUNTER of an SR configuration is added by 1 upon an SR transmission via this SR configuration.

Proposal 3: A random access procedure can be triggered when the SR_COUNTER of an SR configuration reaches its corresponding dsr-TransMax, i.e. SR failure.

Proposal 4: A UE in NR is allowed to perform SR procedures that correspond to multiple SR configurations in parallel, and thus multiple SR-ProhitTimers can be running at the same time. 
Proposal 5: In the case that the PUCCH SR resources of different SR configurations overlap in the time domain, it is up to UE implementation on which PUCCH SR resource the SR is actually transmitted.

Proposal 6: If the PUCCH SR resource of the corresponding SR configuration is overlapped with a UL-SCH resource, but the UL-SCH resource cannot be used to transmit the data of LCH(s) that are mapped to the SR configuration with pending SR, the UE shall transmit the SR on the PUCCH SR resource.
Proposal 7: All the pending SR(s) for a logical channel shall be cancelled, if a BSR is transmitted on the UL grant applicable for the transmission of the logical channel.
Proposal 8: As in LTE, all pending SR(s) shall be cancelled, if the UL grant can accommodate all the pending data available for transmission.
Proposal 9: All pending SR(s) for a logical channel shall be cancelled, once random access is triggered on a PRACH resource corresponding to the logical channel due to SR failure.
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