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1   Introduction and context
One unresolved issue with SR design for NR is the LCH-to-SR-configuration mapping, within the multi-BWP framework designed by RAN1.
At the last RAN2 meeting (RAN2#99 held in Berlin) the following was agreed:

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
This tdoc revisits agreement 3 (highlighted in yellow above) and elaborates on it further, by fleshing out some of the design details and making various observations and clarifications in light of most recent RAN1 progress. The agreement highlighted above was made pending confirmation from RAN1 on BWP operation. Therefore in this submission we first of all summarise some of the relevant RAN1 agreements made, before explaining how their recent decisions impact RAN2 work. We then explore several options, flag up a number of issues still unresolved, and propose a way forward.
2   Recent RAN1 progress and its impact on RAN2 SR design
RAN1 have agreed at their ad-hoc meeting NR#3 in Nagoya that “in Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell”, but that “one or more DL BWPs and one or more UL BWPs can be configured by dedicated RRC for a UE”. In the same meeting, they have further agreed that “PDCCH and PDSCH may be transmitted in different BWPs” for the case of “single active DL BWP for a given time instant in a component carrier” (which – as already mentioned – has been confirmed at RAN1 NR#3 meeting as the only case supported in Phase-I). However, a similar agreement has not been made for PUCCH. What is more, RAN1 have not so far discussed the PUCCH resource allocation within multi-BWP framework. Therefore at least three options are available in our understanding:

1. PUCCH resource is configured per BWP, and only PUCCH in the currently active BWP is used for UCI transmission.
· For this to work (i.e. for switching not to be required to send UCI), the network needs to ensure that the all required SR configurations for a given UE are provided in the active BWP, and to then ensure that this is appropriately reconfigured following BWP change/switching. 
2. PUCCH resource is configured per BWP, and it is sometimes necessary to use PUCCH in a BWP not currently active for UCI transmission. 
· This closely corresponds to Option 1, but the design is different in that it recognizes and allows using PUCCH in a BWP not currently active for UCI transmission – in case for instance where the required SR configuration (dictated by the LCH which triggered the SR) is not available in the currently active BWP.

3. PUCCH resource is configured only in a default BWP, and BWP switching may be necessary for PUCCH transmission.
Observation 1: It is presently unclear whether a UE will be configured to use PUCCH resource of non-active (but configured) BWP(s).
Observation 2: It is further also unclear whether there will be a designated BWP where PUCCH can be / should be / must be sent, or, if such a designated (let us call it anchor/primary) BWP is in fact introduced, whether UL transmission on this BWP will be prioritized or not.
Let us now imagine a scenario where, due to a change in active BWP, the UE cannot send the SR on the required configuration as it is not available in the new BWP. Put another way, the concern here is that, if the active BWP changes from e.g. BWP1 to BWP2, and UE needs to send SR1 (because this SR is needed to indicate a specific numerology) which is only available in BWP1, that in this case we have a problem. The following are some of the possible solutions:

a) Allow the UE to send SR1 in BWP1, even though BWP1 is no longer active;
b) Leave it to the network to reconfigure (appropriately pre-configure) the SR resources so that both SR1 and SR2 are supported in the active BWP;
c) Use the “anchor” BWP for SR configurations;
d) UE sends SR2 as “fallback”. 

Solution a), corresponding to system design option 2, is most likely technically infeasible in its current form. While multiple BWPs can be configured for a UE, and (as pointed out in Observation 1) it may (or may not) be possible to configure PUCCH resource on all or some of these multiple BWPs, if any transmission happens on a BWP, then it means this BWP is now the active one. This is based on RAN1#89 agreement as given below:
· UE expects at least one DL bandwidth part and one UL bandwidth part being active among the set of configured bandwidth parts for a given time instant.

· A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology

· At least PDSCH and/or PDCCH for DL and PUCCH and/or PUSCH for UL

· FFS: down selection of combinations
Observation 3: It appears there is no possibility to send PUCCH on a BWP not currently active; in other words, if PUCCH transmission moves to a different BWP, all other UL transmission moves to the same BWP which now becomes the active (UL) one.
Solutions b) and c) are similar in the sense that network is responsible for appropriately configuring the required “type” of PUCCH resources (in this case, the required SR configuration). 
Solution d), while similar to LTE CA case, where the first available SR resource is used, could be viewed as going against the RAN2 agreement (from RAN2#98 meeting) which clearly stipulates that “multiple SR configurations can be configured to the UE and which SR configuration is used depends on the LCH that triggers the SR”. Therefore unless the chosen SR configuration is one a LCH is mapped to – we could be seen as violating this agreement. On the other hand, so long as a clear rule is provided in such cases, it is less damaging to send SR on any usable PUCCH resource than not send it at all.  
Observation 4: BWP switching needs to consider that only SR configurations in currently active BWP can be used, and that they therefore ideally need to include all the SR configurations applicable for a given UE at a given time.
3   Proposed way forward on SR design

Now that clearer understanding of RAN1 agreements exist (notwithstanding the many open issues to do with PUCCH configuration), we feel that the original Berlin agreement “For the single-cell case, one single LCH is mapped to none or one SR configuration per BWP” can be made more stringent by mapping a single LCH to none or one SR configuration PER CELL. It is clear that it is the job of the network to ensure that required SR configuration is supported in the active BWP, and it is our job to agree on whether any usable SR resource should be used if this is not the case. We therefore propose the following:
Proposal 1: One single LCH is mapped to none or one SR configuration per cell. 
Proposal 2: It is the responsibility of the network to appropriately configure this by ensuring that the currently active BWP includes all the SR configurations applicable for a given UE.
Proposal 3: When a LCH mapped to SR configuration SR_X triggers regular BSR, if SR_X is not usable (because e.g. the network did not appropriately configure all required SR configurations in currently active BWP), but other SR configurations are usable, UE triggers SR using one of the other usable SR configurations. 
Further to Proposal 3, there will be cases where more than one usable SR configurations is active, and RAN2 will be required to discuss the rule for selection. Additionally, we need to standardize rules for SR resource selection and reselection independent of any underlying BWP switching issues. RAN1 agreed at their #90 meeting in Prague that in the case of collision between SR_X and SR_Y configurations (without any other UCI involved), the prioritization is up to RAN2 decision. Our views on this particular topic of SR configurations collision resolution and agree on prioritisation rules are captured in our companion tdoc [1].

4   Conclusion
In this submission we presented an overview of the most recent PUCCH-related discussions and agreements made in RAN1 within the NR multi-BWP framework which impact our SR work. The following observations were made as a result:
Observation 1: It is presently unclear whether a UE will be configured to use PUCCH resource of non-active (but configured) BWP(s).
Observation 2: It is further also unclear whether there will be a designated BWP where PUCCH can be / should be / must be sent, or, if such a designated (let us call it anchor/primary) BWP is in fact introduced, whether UL transmission on this BWP will be prioritized or not.

Observation 3: It appears there is no possibility to send PUCCH on a BWP not currently active; in other words, if PUCCH transmission moves to a different BWP, all other UL transmission moves to the same BWP which now becomes the active (UL) one.

Observation 4: BWP switching needs to consider that only SR configurations in currently active BWP can be used, and that they therefore ideally need to include all the SR configurations applicable for a given UE at a given time.
We then argued in favour of limiting the number of SR configurations to which a LCH is mapped, to one per cell. We outlined how this system design would operate in a series of proposals which we repeat here:

Proposal 1: One single LCH is mapped to none or one SR configuration per cell. 
Proposal 2: It is the responsibility of the network to appropriately configure this by ensuring that the currently active BWP includes all the SR configurations applicable for a given UE.
Proposal 3: When a LCH mapped to SR configuration SR_X triggers regular BSR, if SR_X is not usable (because e.g. the network did not appropriately configure all required SR configurations in currently active BWP), but other SR configurations are usable, UE triggers SR using one of the other usable SR configurations. 
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