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1   Introduction and background
As first noted in [1], the current wording on SR triggering mechanism in the NR MAC spec [2] leads to SR not being triggered in some scenarios where configured grant (CG) Type 2 is configured. More specifically, the changes introduced to SR triggering following the e-mail discussion [101#30][NR UP/MAC] (“TP on SR and BSR triggering”) have a very undesirable consequence: as we note in this contribution, since the LCP mapping restrictions for eMBB/SRB/VoIP traffic are not particularly strict (this type of traffic could in principle be allowed to use any UL grant), eMBB/SRB/VoIP traffic will be considered as meeting the LCP restrictions for most cases. Due to the unfortunate position of the LCP check in the SR triggering description (as will be shown, the LCP check is done too soon), the SR will never be triggered in many scenarios if configured grant is in place.

In LTE (TS 36.321 v15.1.0), we have the following text (in bold, immediately below) determining when an SR is triggered after a regular BSR is triggered:

“If the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled:

-    if the MAC entity has UL resources allocated for new transmission for this TTI:

-     instruct the Multiplexing and Assembly procedure to generate the BSR MAC control element(s);

-     start or restart periodicBSR-Timer except when all the generated BSRs are Truncated BSRs;

-     start or restart retxBSR-Timer.

-    else if a Regular BSR has been triggered and logicalChannelSR-ProhibitTimer is not running:

-     if an uplink grant is not configured or the Regular BSR was not triggered due to data becoming available for transmission for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers:

-     a Scheduling Request shall be triggered.“

The text highlighted in yellow means that – in LTE – we will trigger an SR if there is NO SPS configured, OR if there is SPS configured AND the SR masking is NOT applied to the relevant LCH. Now let us examine the following scenario: SPS is configured and activated for VoIP. New data arrives for MBB. A regular BSR is triggered, and – provided SR masking is not applied to MBB – an SR is triggered. This would be expected behavior. The following section explains how in NR this is not happening, which we maintain is undesirable behavior in need of an urgent remedy.
2   Issue in greater detail and consequences to system performance
Now let us look at what happens in NR, based on the most resent version of the MAC TS [2]:

“The MAC entity shall:

1> if the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled:
2>  if UL-SCH resources are available for a new transmission:
3>  instruct the Multiplexing and Assembly procedure to generate the BSR MAC CE(s);

3>  start or restart periodicBSR-Timer except when all the generated BSRs are long or short Truncated BSRs;

3>  start or restart retxBSR-Timer.

2>  if there is no UL-SCH resource available for a new transmission; or

2>  if the UL-SCH resources available for a new transmission do not meet the LCP mapping restrictions (see subclause 5.4.3.1) configured for the logical channel(s) that triggered the BSR(s):
3>  if a Regular BSR has been triggered and logicalChannelSR-DelayTimer is not running:

4> if the MAC entity is not configured with configured uplink grant(s); or
4> if the Regular BSR was not triggered for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers:
5> trigger a Scheduling Request.”
The text in yellow (originating from LTE) is still there. However, because of the text in green, in some scenarios we never get to the text in yellow. Let us try and explain using the same example as in LTE. Let us assume that CG Type 2 is configured for VoIP. Data arrives for eMBB. A regular BSR is triggered. However, since the UL-SCH resources available for a new transmission DO MEET the LCP mapping restrictions (currently there is no way to prevent any channel from using CG Type 2, since we have no delay-related restrictions in LCP, but only actual PUSCH duration and SCS, which will for eMBB and VoIP be similar/same), we never get to the text in yellow and an SR is NOT triggered. This is not the expected behaviour, and has an unfortunate consequence that NR underperforms LTE in the just described – and very common – scenario.

Observation 1. For any LCH and given serving cell, we can configure PUSCH duration, SCS, and whether the LCH is allowed to use CG Type 1 or not. This means that any LCH is eligible to use a Type 2 grant – so long as PUSCH duration and SCS match.
Observation 2. Since – so long as there is UL-SCH resource available – we first perform the LCP check, and only then the configured grant check – based on Observation 1, when the UE is configured with CG Type 2, the LCP check will commonly fail (i.e. the LCP conditions will be met) for eMBB/SRB/VoIP traffic, resulting in SR not being triggered.
We focused the discussion so far on the scenarios where CG Type 2 is configured. However, even if CG Type 1 is configured instead, in some cases eMBB/SRB/VoIP traffic could meet the LCP restrictions, and there is no reason to limit the changes to CG Type 2 only.

Observation 3. The discussion above can be extended to the general concept of configured grants, regardless of the type, despite the fact that the issue is expected to occur more frequently for CG Type 2 scenario. 
3   Proposed solution
Once a regular BSR is triggered, we note that all scenarios where SR should be triggered fall under one of the following 3 categories:

1. There is no UL-SCH resource available (as a reminder, in NR this simply means that no grant has been received, without saying anything about the timing of the grant);
2. There is a configured grant, channel SR masking is NOT applied to the LCH triggering the regular BSR, and LCP restrictions ARE met.

3. There is UL-SCH resource available (dynamic or configured), and LCP conditions ARE NOT met.

Currently in the NR MAC spec, condition 3 is used as a pre-requisite for condition 2 based triggering, whereas in fact they should be tested in parallel, and this is what our companion CR does [3].

Observation 4. SR triggering can occur if any of the following conditions are met at the moment a regular BSR has been triggered: there is no UL-SCH resource available; there is a configured grant and channel SR masking is not applied to the LCH triggering the regular BSR; UL-SCH resources are available and LCP conditions are not met for the LCH triggering the regular BSR.
Observation 5. The list of conditions in Observation 4 is exhaustive – no other SR triggers exist in NR.
4   Conclusions
In this contribution we elaborated and expanded upon the issue first raised in [1]. We made the following observations:
Observation 1. For any LCH and given serving cell, we can configure PUSCH duration, SCS, and whether the LCH is allowed to use CG Type 1 or not. This means that any LCH is eligible to use a Type 2 grant – so long as PUSCH duration and SCS match.
Observation 2. Since – so long as there is UL-SCH resource available – we first perform the LCP check, and only then the configured grant check – based on Observation 1, when the UE is configured with CG Type 2, the LCP check will commonly fail (i.e. the LCP conditions will be met) for eMBB/SRB/VoIP traffic, resulting in SR not being triggered.

Observation 3. The discussion above can be extended to the general concept of configured grants, regardless of the type, despite the fact that the issue is expected to occur more frequently for CG Type 2 scenario.
Observation 4. SR triggering can occur if any of the following conditions are met at the moment a regular BSR has been triggered: there is no UL-SCH resource available; there is a configured grant and channel SR masking is not applied to the LCH triggering the regular BSR; UL-SCH resources are available and LCP conditions are not met for the LCH triggering the regular BSR.
Observation 5. The list of conditions in Observation 4 is exhaustive – no other SR triggers exist in NR.
In our companion CR [3] we show our preferred solution to this issue and propose that RAN2 should discuss and approve this CR:

Proposal: RAN2 to review and agree the CR given in [3].
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