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1   Introduction
During the RAN2#102 meeting in Busan, a CR was agreed [1] on SR triggering. This CR corrected a previous omission in the MAC spec whereby (without the CR) the SR would not be triggered when a configured grant was in place, provided the parameters of this configured grant met the LCP restrictions of the logical channel (LCH) which triggered the BSR. RAN2 agreed in Busan that this was not the desired behavior, and that an SR should be triggered when a configured grant is in place, so long as LCH SR masking is not configured (same as in LTE).

Upon closer examination of the LCH SR masking procedure, we have discovered that – while the SR triggering behavior agreed in Busan is the correct one – further discussion and clarification (including potential changes to 38.321 and 38.331, depending on the way forward agreed by RAN2) is needed. In a nutshell, there are currently discrepancies between the MAC spec (where SR masking – the same mask – applies to both CG Type 1 and 2 but not the dynamic grants), RRC spec (where the implication is – through absence of explicit restriction – that SR masking applies to any type of UL grant), and baseline LTE behaviour. This tdoc tackles these discrepancies and proposes a solution, with a view to finalizing the SR triggering in NR Rel-15 by producing a robust solution that takes all the observed complexities into account.
2   LCH SR masking: original intention, and NR context
logicalChannelSR-Mask was introduced in LTE Rel-9 to allow the network the possibility to prevent SR triggering for the case when UL SPS is configured. In other words, LCH SR masking does not apply to dynamic grants. This is even explicitly stated in 36.331v15.1.0 – cf. text highlighted in yellow below: 

	logicalChannelSR-Mask

Controlling SR triggering on a logical channel basis when an uplink grant is configured. See TS 36.321 [6].


Also, and as shown in the excerpt from 36.321 below, this is implied in the LTE MAC specification (36.321) as well, since – if we end up in the ‘else if’ portion of the text immediately below – it means there is no dynamic grant for this TTI. In other words, in LTE we never trigger an SR if we have a dynamic grant in this TTI (so the mask does not apply to dynamic grants).

“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.”
Observation 1. logicalChannelSR-Mask only applies to configured grants (UL SPS) in LTE. Put another way, if a dynamic grant is present at the moment a regular BSR is triggered, we would never trigger an SR in LTE, and masking is therefore immaterial for the case of the dynamic grants.
However, things are more complicated for NR. For starters, in NR we shall in some cases trigger an SR when a dynamic grant has been received. If an UL grant has been received at/by the moment a regular BSR is triggered, the UL resources are considered as available, even though the actual UL-SCH resources may be scheduled for some future point in time. In that respect the availability of a dynamic grant is qualitatively similar to UL SPS in LTE with respect to LCH SR masking. In other words, RAN2 should discuss if LCH SR masking should apply to dynamic grants as well. In fact, this is something that is implied in 38.331v15.1.0 (through absence of any kind of restriction as to the type of grant the masking applies to):
	logicalChannelSR-Mask

Indicates whether SR masking is configured for this logical channel.


Observation 2. Based on the fact that in NR an UL grant that is considered available may in fact refer to resources allocated for a future point in time, coupled with the latest version of 38.331 wherein SR masking is not explicitly linked to configured grants, SR masking could be inferred as applicable to dynamic grants in NR.
An additional complication in NR is that we have two types of configured grants (CGs). Since we only have one single mask per LCH, which (the implication is) applies to both CG Type 1 and CG Type 2, then we either allow or disallow triggering for both types, without any means to differentiate between the two. Now let us imagine the following scenario: a URLLC LCH is configured with a mask (since the network deems that it should use the configured Type 1 grant and therefore should NOT be able to trigger an SR when Type 1 grant is configured). This LCH triggers a BSR. We happen to have a Type 2 configured grant in place (which may not be suitable for URLLC – e.g. its periodicity may be large), and an SR is therefore not triggered since a mask is in place, even though it should be triggered.
Observation 3. Neither TS 38.331 nor 38.321 make any mention as to whether per-LCH SR masking should apply to both types of CGs, or only CG Type 2 (the “successor” of LTE’s UL SPS). In fact, the implication from both the RRC and MAC spec is that it applies to both. RAN2 never made an agreement to clarify this.
Observation 4. It is clear from Observations 1-3 that there are currently inconsistencies between the MAC spec (SR masking applies to both CG Type 1 and 2, but not dynamic grants), RRC spec (implication is – through absence of explicit restriction – that SR masking applies to any type of UL grant), and baseline LTE behaviour.
3   Different options, their spec impact and difference in functionalities
Based on the observations made above, we see 3 different options for NR:

1. LCH SR masking is only applied to CGs: RAN2 would need to agree/confirm that logicalChannelSR-Mask is a parameter only relevant for configured grants (both Type 1 and Type 2) but not dynamic grants, in which case the MAC spec does not need any further changes, but change is required to 38.331 to capture this restriction; 
2. LCH SR masking is only applied to CG Type 2: RAN2 would need to clarify that logicalChannelSR-Mask applies to only CG Type 2 (the successor of LTE UL SPS), in which case we propose the RAN2 should agree the TP – Option A (please see the Appendix), and propose a change to 38.331 to capture this restriction;

3. LCH SR masking is applied to any kind of UL grant: RAN2 would need to clarify that logicalChannelSR-Mask applies to any type of grant, in which case we propose that RAN2 should agree the TP – Option B (please see the Appendix); no changes to 38.331 would be needed for this case as 38.331 does not constraint masking to CG case (unlike 36.331, which does so).

The above options, their spec impact, and difference in functionalities are captured in the Table below for the sake of clarity and easier comparison.
4   Proposed way forward for RAN2

As can be seen from the Table, the smallest spec impact is incurred by agreeing Option 1 – no changes to the MAC spec, and a simple restriction to be captured in the RRC spec. So let us examine the 2 “drawbacks” in more detail:
I. Configuration of either CG Type 1 or Type 2 will prevent SR triggering (if the SR mask is in place)
· Essentially, the issue is that we have no way of treating the two types of CG differently. 
· We gave an example in Section 2 of how this could cause issues. Assume a URLLC LCH is configured with a mask (since the network deems that it should use the configured Type 1 grant and therefore should NOT be able to trigger an SR when Type 1 grant is configured). This LCH triggers a BSR. We happen to have a Type 2 configured grant in place (which may not be suitable for URLLC – e.g. its periodicity may be large), and an SR is therefore not triggered since a mask is in place, even though it should be.
· However, the question is how much of a problem this is. In the above example, we still have “one more chance” that the SR will be triggered. Basically, if the Type 2 grant parameters do NOT meet the LCP restrictions of the URLLC channel, an SR will be triggered.

· Therefore the only way an SR would not be triggered is if the Type 2 grant parameters match URLLC requirements, in which case it is sensible to assume that there is no need for any additional resources to be requested sooner, and that the BSR sent using the Type 2 restriction is enough.

II.  Masking is not applied to dynamic grants
· Dynamic grant resources can in some cases only be available at some point in the future (unlike LTE). Therefore it may make sense to consider that masking could apply to dynamic grants as well (unlike LTE).

· The reason why the NW might want to configure masking for a dynamic channel is to prevent SR triggering when grant parameters meet LCP restrictions of this channel. However in NR this triggering would never happen anyway since – if dynamic UL-SCH resources are available – we would only trigger an SR if the resources are unsuitable.

· Adding a mask might therefore interfere with the already agreed SR triggering condition linked to the LCP test. It does give an additional layer of flexibility to the network – the NW could override the LCP test and ban SR triggering even if the LCP test fails and SR should be triggered – but it is difficult to see why this extra layer of flexibility is indispensable for Rel-15.

	Option
	When is an SR triggered?
	Impact on MAC spec
	Impact on RRC spec
	Notes on functionality

	1
	- no UL-SCH resource; OR
- CG is in place AND no LCH SR masking for relevant LCH is applied; OR
- available UL-SCH resources do not meet LCP restrictions of the relevant LCH
	No further CRs needed
	Clarification needed to explain restriction: logicalChannelSR-Mask is a parameter only relevant for configured grants (both Type 1 and Type 2) but not dynamic grants
	- configuration of either CG Type 1 or Type 2 will prevent SR triggering (if the SR mask is in place) – no way of treating the two types of CG differently

- masking is not applied to dynamic grants even though (unlike LTE) the resources may be a while away 

	2
	- no UL-SCH resource; OR
- CG Type 1 is in place; OR
- CG Type 2 is in place AND no LCH SR masking for relevant LCH is applied; OR
- available UL-SCH resources do not meet LCP restrictions of the relevant LCH
	A simple CR required – see our proposal in the Appendix (TP A)
	Clarification needed to explain restriction: logicalChannelSR-Mask is a parameter only relevant for CG Type 2 but not CG Type 1 or dynamic grants
	- masking is not applied to dynamic grants even though (unlike LTE) the resources may be a while away

	3
	- no UL-SCH resource; OR
- no LCH SR masking for relevant LCH is applied; AND
- configured grant is in place; OR
- available UL-SCH resources do not meet LCP restrictions of the relevant LCH
	Slightly more complex CR required – see our proposal in the Appendix (TP B)
	No changes needed
	- configuration of either CG Type 1 or Type 2 will prevent SR triggering (if the SR mask is in place) – no way of treating the two types of CG differently




Based on extensive analysis above, we propose the following:

Proposal 1. RAN2 to agree that the same single per-LCH SR mask applies to both CG Type 1 and 2.
Proposal 2. RAN2 to agree that SR masking does not apply to dynamic grants.

Proposal 3. RAN2 to capture restrictions from Proposals 1&2 in the RRC spec, and to confirm that no changes are needed to be made to the MAC spec.

5   Conclusions
In this tdoc we focused on the per-LCH SR masking in NR, and pointed out discrepancies between the NR MAC spec (where SR masking – the same mask – applies to both CG Type 1 and 2 but not the dynamic grants), the NR RRC spec (where the implication is – through absence of explicit restriction – that SR masking applies to any type of UL grant), and baseline LTE behaviour. We made the following observations: 
Observation 1. logicalChannelSR-Mask only applies to configured grants (UL SPS) in LTE. Put another way, if a dynamic grant is present at the moment a regular BSR is triggered, we would never trigger an SR in LTE, and masking is therefore immaterial for the case of the dynamic grants.

Observation 2. Based on the fact that in NR an UL grant that is considered available may in fact refer to resources allocated for a future point in time, coupled with the latest version of 38.331 wherein SR masking is not explicitly linked to configured grants, SR masking could be inferred as applicable to dynamic grants in NR.
Observation 3. Neither TS 38.331 nor 38.321 make any mention as to whether per-LCH SR masking should apply to both types of CGs, or only CG Type 2 (the “successor” of LTE’s UL SPS). In fact, the implication from both the RRC and MAC spec is that it applies to both. RAN2 never made an agreement to clarify this.
Observation 4. It is clear from Observations 1-3 that there are currently inconsistencies between the MAC spec (SR masking applies to both CG Type 1 and 2, but not dynamic grants), RRC spec (implication is – through absence of explicit restriction – that SR masking applies to any type of UL grant), and baseline LTE behaviour.
Based on these Observations, we outlined 3 possible options for tackling this issue, with a detailed analysis of pros and cons. Based on this analysis, we proposed the following:

Proposal 1. RAN2 to agree that the same single per-LCH SR mask applies to both CG Type 1 and 2.

Proposal 2. RAN2 to agree that SR masking does not apply to dynamic grants.

Proposal 3. RAN2 to capture restrictions from Proposals 1&2 in the RRC spec, and to confirm that no changes are needed to be made to the MAC spec.
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Appendix
TP – Option A:
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 a Regular BSR has been triggered and logicalChannelSR-DelayTimer is not running:

3>
if there is no UL-SCH resource available for a new transmission; or
3> if the MAC entity is configured with Type 1 configured uplink grant(s); or
3>  if the MAC entity is configured with Type 2 configured uplink grant(s) and the Regular BSR was not triggered for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers; or

3>
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):

4>
trigger a Scheduling Request.

TP – Option B:
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 a Regular BSR has been triggered and logicalChannelSR-DelayTimer is not running:

3>
if there is no UL-SCH resource available for a new transmission; or
3>  if the Regular BSR was not triggered for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers, and the MAC entity is configured with configured uplink grant(s) or 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):


4>
trigger a Scheduling Request.
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