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1   Introduction and context
The agreement made earlier this year that additional SR enhancements are required to support multiple numerologies was followed by a more specific agreement outlining the design guidelines for the SR mechanism in NR, reached at the RAN2#98 meeting in Hangzhou, and repeated here:
Agreements

1.
Multiple SR configurations can be configured to the UE and which SR configuration is used depends on the LCH that triggers the SR.  The granularity of SR configuration for a logical channel is FFS.
2. 
From RAN2 point of view a single bit SR with multiple SR configuration is sufficient to distinguish the “numerology/TTI length” of the logical channel that trigger the SR.  RAN2 has not identified other use cases for which multibit SR is need with sufficient support.  

3.
RAN2 does not see the need to convey buffer status information.  

4. 
Send LS to RAN1 to indicate to RAN1 that RAN2 doesn’t see the need to support multi-bit SR. 
In essence, RAN2 agreed in Hangzhou that UE should be configured with independent one-bit SR resources for each relevant use-case. These multiple SR resources (including their periodicity and frequency/time resources and PUCCH format used) are configured by the network, each configuration linked to one or more LCHs. (How and whether the LCHs are grouped for SR triggering - referred to as “the granularity of SR configuration” in the agreement above – was left FFS.) The gNB then infers the numerology required for the first PUSCH transmission based on the specific SR configuration used by the UE.
At the subsequent meeting in Qingdao (RAN2 NR ad-hoc #2), the following agreement was made with respect to how the mapping between the LCHs and multiple SR configurations is done:

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.  

In this tdoc we tackle a consequence of the second Qingdao agreement (highlighted in turquoise above). More specifically, we focus on the possibility that a LCH can be mapped to no SR configuration – or, put another way, that certain logical channels may not be configured any PUCCH resource for SR transmission. 

2   Absence of SR resource in NR – difference from LTE case
We first note that in LTE, it is allowed to configure the MAC entity with zero SR resource. Such a UE, not being able to send an SR, would have to RACH to obtain resources to send UL data. On the surface of it, it would then appear that situation is not that different in NR.
Observation 1. In LTE, it is allowed to configure the MAC entity with zero SR resource. The agreement from Qingdao therefore does not introduce a new functionality into NR.
Accepting that there may be LCHs with no configured PUCCH resource for SR, we need to also accept that there will be cases when arrival of new data for such LCHs – assuming relevant priority rules are satisfied – would trigger regular BSR; since basic agreement is mapping of LCHs (and not LCGs) to SR configurations, and the LCHs in question have no SR resource, the UE will be forced to RACH. There are at least two major differences between LTE and NR cases:
a. The entire work on SR/BSR enhancements for NR agreed so far by RAN2 has been driven by latency reduction and with latency-critical services in mind. What was acceptable in LTE (delay caused by having to resort to RACH) may not be acceptable for certain 5G services.

b. In LTE there was a single set of SR resources per UE whereas in NR other LCHs may in fact have SR resources configured.
Observation 2. What was acceptable in LTE (delay caused by having to resort to RACH in the absence of configured SR resource) may not be acceptable for certain 5G services. Additionally, there is more flexibility in NR in terms of SR configurations, which are per LCH, and not per UE.

3   Potential solutions
Following solutions outline 4 different (not necessarily mutually exclusive) approaches to solving the issue captured in Observation 2 above:
1. Do not map URLLC services to LCHs with no SR resource configured – or, more practically, ensure that the LCHs carrying URLLC traffic are given SR resource.

2. Rely on expiration of periodicBSR-Timer – this will trigger a periodic BSR. 
3. Rely on triggering of regular BSR by other LCHs – those who do have SR resource configured.
4. Revisit the agreement number 1 from Qingdao (highlighted in purple) – at this stage the agreement is to map individual LCHs to zero or one SR configuration. If LCHs are arranged into groups, and these groups are then mapped to zero or one SR configuration, it is likely we will have one SR configuration per group for those groups containing latency-critical LCHs. Therefore we are less likely to be in a situation where we cannot trigger BSR.
Option 2 above – while tempting in its straightforward approach – may not solve the latency issue as the periodicBSR-Timer is typically rather long – its value can be of the order of a second or two, although much smaller values are possible. It would therefore be possible to reduce its value (e.g. to tens of ms) but this would increase the signalling load without helping with the extreme cases of latency-critical scheduling.
With regards to Option 3, this is also straightforward in the sense that no action from us is needed, but is completely unpredictable and therefore possibly a worse solution than Option 2 since the network has no control over it.

Option 4 requires revisiting the Qingdao agreement, and we do not think it gives strong enough reason for it since Option 1 solves the issue while relying on network being designed appropriately. Additionally, Option 4 also relies on handing the control over to the network (since the gNB will decide on the LCH grouping) and therefore Options 4 and 1 follow the same conceptual approach. We therefore propose the following:
Proposal 1: No further standardisation effort is needed to resolve the perceived issue of certain logical channels (on certain occasions) not being configured with any PUCCH resource for SR transmission. The network should ensure that LCHs carrying latency-critical data (e.g. URLLC) are given SR resource.

Proposal 2: Based on standard operation of BSR and SR procedures applied to this particular case, when data arrives for an uplink-synchronised UE (which has no scheduled upcoming UL grant) on a LCH which has not been mapped to any SR resource, and there are no other currently pending SR requests, RACH procedure is initiated.
4   Conclusion
In this document we provided an analysis of whether any problems are anticipated over the fact that certain LCHs may not be allocated any SR resource, according to the most recent RAN2 agreement. By noting that in LTE, it is allowed to configure the MAC entity with zero SR resource, we observed the following:
Observation 1. In LTE, it is allowed to configure the MAC entity with zero SR resource. The agreement from Qingdao therefore does not introduce a new functionality into NR.
Observation 2. What was acceptable in LTE (delay caused by having to resort to RACH in the absence of configured SR resource) may not be acceptable for certain 5G services. Additionally, there is more flexibility in NR in terms of SR configurations, which are per LCH, and not per UE.

However, a deeper analysis of alternatives revealed that no further normative work is needed in our opinion, and that it should ultimately be network’s responsibility to ensure that SR resources are provided for latency-critical and system-critical data. This led us to propose the following:

Proposal 1: No further standardisation effort is needed to resolve the perceived issue of certain logical channels (on certain occasions) not being configured with any PUCCH resource for SR transmission. The network should ensure that LCHs carrying latency-critical data (e.g. URLLC) are given SR resource.

Proposal 2: Based on standard operation of BSR and SR procedures applied to this particular case, when data arrives for an uplink-synchronised UE (which has no scheduled upcoming UL grant) on a LCH which has not been mapped to any SR resource, and there are no other currently pending SR requests, RACH procedure is initiated.
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