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1	Introduction
[bookmark: _GoBack]In RAN2#99 meeting, the following agreements have been achieved:  

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

In this contribution, we discuss some further aspects on the SR in NR. 
[bookmark: OLE_LINK124][bookmark: OLE_LINK125][bookmark: OLE_LINK17]2	Discussion
2.1 Mapping between LCH and SR configuration for CA case
In the previous meetings, it has been agreed that “a logical channel can be mapped to none or one SR configuration”.  And it is FFS if a logical channel can be mapped to more than one SR configuration. That is, whether multiple SR configurations are allowed for one LCH. 
In CA case, if all the SR are configured on PCell, the SR resources on PCell would be drained and the period for each SR resource have to be relatively long. Therefore, multiple SR resources should be configured on different carriers for a LCH to balance the resources for SR in multiple carriers. In the case that the PUCCH space in one carrier is not enough in a slot, UE could configure some other SR opportunity in the same slot at another carrier. In practical implementation, such kind of multiple-carrier SR configuration could be realized by providing multiple SR configurations for one LCH with each of them in one of different carriers, or by providing one SR configuration with resources in multiple carriers. Besides, this method could also increase the density of SR opportunities for a LCH and reduce the SR transmission latency. Once traffic arrives and a SR is triggered, UE would select the nearest SR opportunity in the time domain and save the SR transmission latency. The figure below provides an example of multiple SR configurations. When a UE has only one SR configuration with a period of 4 slots as shown in carrier component CC1 in the figure, it has to wait for a long delay of D1 (=3 slots) if a SR is triggered at the end of a SR opportunity. However, when the UE has two SR configurations in both CC1 and CC2, it only need to wait for a short delay of D2 (=1 slot) as shown in the figure. 



Figure-1 An example of multiple SR configurations

Observation 1: In CA case, multiple SR resources can be configured on different carriers for a LCH to increase the density of SR resources in time domain and save the SR transmission latency. 

Moreover, when SR resources are configured on SCell, multiple-carrier SR configuration could be used to provide a more robust mechanism. Otherwise, if the SR resources are configured on only one SCell, there would be no SR resources available for the UE once the SCell is deactivated by NW. This means that the only SCell with SR resources should not be deactivated. 
Proposal 1: Multiple SR resources on different carriers could be configured for one LCH. 

2.2 Consideration on running a common sr-ProhibitTimer
In RAN2#99, it has been agreed that "sr-ProhibitTimer is independently configured per SR configuration", but "whether a single timer or multiple timers are running at the same time are FFS."
In LTE, a sr-ProhibitTimer is used to prevent the UE from transmitting a second SR too early after its previous SR attempt. When UE has multiple SR configurations, it is obviously much simple that multiple timers are running independently at the same time with each of them corresponding to one sr-ProhibitTimer in one of its SR configuration. And these independently running timer make it very easy to control the retransmissions of UE for different SR configurations. 
However, when multiple SRs are triggered simultaneously, UE needs only send one of them because a single BSR message could provide all the buffer states for all the LCGs of that UE. In this case, although only one SR is sent, all the sr-ProhibitTimers in the related SR configurations should be restarted. Otherwise, other SR configuration could trigger a second SR transmission immediately after a SR in one of the SR configurations is sent. That is, the control of sr-ProhibitTimer should not be independent any more. In this case, running a common timer for SR prohibition could make the implementation simpler, and it could be restarted according to the minimum value of sr-ProhibitTimers in the triggered SR configurations. Moreover, such a common-timer running method could reduce the SR-prohibit time in the case of multiple SR configurations, and make it possible for the UE to use the earliest SR opportunity in its SR configurations for the next SR retransmission. Therefore, running a common timer for SR prohibition is more reasonable and its value should be set according to the minimum value of sr-ProhibitTimers in the triggered SR configurations.



Figure-2 A control example of independent prohibit timers for different SR configurations
Figure 2 shows a control example of independent prohibit timers for different SR configurations at a UE. As shown in the figure, a SR of Configuration 2 was sent after a SR of Configuration 1 due to that the SR of Configuration 2 is triggered by LCH2 with higher priority. After that, even though Prohibit Timer 2 is still running and LCH1's priority is lower than LCH2, a SR of Configuration 1 could be sent immediately after the Prohibit Timer 1 is ended. Hence the running of Prohibit Time 2 is useless at all. 
Figure 3 shows a control example of a common prohibit timer for different SR configurations. As shown in the figure, after SR of Configuration 2 (shown as SR2) is sent, the SR of Configuration 1 triggered by low-priority LCH1 would not impact the running of the common prohibit timer at all, and the next SR could be sent only after the common prohibit timer stops running. 



Figure-3 A control example of a common prohibit timer for different SR configurations
Proposal 2: Running a common SR prohibit timer when UE has multiple SR configurations is a more reasonable solution, and its value should be set according to the minimum value of sr-ProhibitTimers in the triggered SR configurations. 

2.3 Maintaining a common SR_COUNTER for all SR configurations per BWP
In RAN2#99, it has been agreed that "dsr-TransMax is independently configured per SR configuration", and it is "FFS whether SR_COUNTER is maintained for each SR configuration independently". 
In LTE, dsr-TransMax is the allowed maximum transmission number of SR. If the SR transmission number calculated by SR_COUNTER is not less than dsr-TransMax, UE should  (i) "notify RRC to release PUCCH/SRS for all serving cells;" (ii) "clear any configured downlink assignments and uplink grants;" and (iii) "initiate a Random Access procedure on the PCell and cancel all pending SRs." Hence, the configured value of dsr-TransMax in fact determines the time when the PUCCH of UE should be judged as broken. 
If every SR configuration maintains its own SR_COUNTER independently, UE has to wait for a fixed number of SR retransmissions in that SR configuration before the PUCCH of that SR configuration being judged as broken. Hence UE has to wait for a fixed delay in each SR configuration before it initiates a Random Access procedure regardless of how many SRs have been transmitted in the other SR configurations. Because PUCCH is generally shared by all the SR configurations in a BWP, such a method could enlarge the delay to judge PUCCH broken. For example, when the SR_COUNTER1 of SR configuration 1  (e.g. with dsr-TransMax=10) has already has a value of 9, UE needs only wait for one more SR retransmission in SR configuration 1 before initiating a Random Access procedure. At this moment, a higher-priority LCH triggers SR configurations 2. Since UE needs only send one SR according to the higher-priority SR configuration 2 (e.g. with dsr-TransMax=5), UE would not retransmit SR in SR configuration 1 any more. In this case, UE would have to wait 5-time SR retransmissions in SR configuration 2 before initiating a Random Access procedure. On the other hand, if a common SR_COUNTER is maintained for all the SR configurations per BWP, UE could judge the PUCCH as broken immediately after SR configuration 2 is triggered due to that the value of common SR_COUNTER is 9 which is already greater than dsr-TransMax of SR configuration 2. This obviously reduces the latency to starting Random Access procedure. Therefore, a common SR_COUNTER should be maintained for all the SR configurations per BWP. 
Proposal 3: A common SR_COUNTER should be maintained for all the SR configurations per BWP. 
3	Conclusion
Based on the analysis given above, we give our observations and proposals as follow:
Observation 1: In CA case, multiple SR resources can be configured on different carriers for a LCH to increase the density of SR resources in time domain and save the SR transmission latency. 
Proposal 1: Multiple SR resources on different carriers could be configured for one LCH. 
Proposal 2: Running a common SR prohibit timer when UE has multiple SR configurations is a more reasonable solution, and its value should be set according to the minimum value of sr-ProhibitTimers in the triggered SR configurations. 
Proposal 3: A common SR_COUNTER should be maintained for all the SR configurations per BWP. 
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