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Introduction
At RAN2#AH1801 the meaning of the phrase “immediate transmission” was discussed. This phrase is used in 38.321 to check whether a MAC entity transmits a BSR or triggers SR. Despite large efforts by companies to coordinate no agreement was reached and the discussion continues.
In this contribution we propose a small modification of the MAC specification to allow the MAC entity to both transmit the BSR and trigger SR.
[bookmark: _Ref178064866]Discussion
Existing text in 38.321 (R2-1801546)
Here the current specification text (as given in the endorsed CR in R2-1801546) is provided.
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 immediate 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>	else if a Regular BSR has been triggered and logicalChannelSR-DelayTimer is not running:
3>	if an uplink grant is not a configured grant; 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:
4>	trigger a Scheduling Request.
As can be seen the MAC entity can either generate the BSR MAC CE, or trigger SR. For the sake of discussion in this paper we assume that the conditions in the second half of the procedure are such that the MAC entity will trigger a Scheduling Request.
[bookmark: _Toc505775294][bookmark: _Toc505784760][bookmark: _Toc505784793]According to the existing specification text, the MAC entity can either transmit BSR or trigger SR.
Intended function
The intention of the procedure can be described as “not to trigger an SR if a triggered BSR can be transmitted”. The reason for this behaviour is to limit the number of SRs transmitted, when a BSR provides the same indication to the gNB, i.e., that data is available for transmission. Of course, the BSR provides additional information, in that the amount of data is also provided. With the model in LTE (without K2 which can be larger than the processing time), even if SR is triggered it is cancelled right away when the BSR is cancelled, hence no need to trigger SR. This situation is different for NR.
[bookmark: _Toc505775295][bookmark: _Toc505784761][bookmark: _Toc505784794]The intended function is to limit the number of SRs transmitted, when a BSR can be "immediately" transmitted instead.
Problem
To explain the problem we can look at figure 1. In Figure 1 T1 is the minimum time from triggering of a BSR until transmission on UL-SCH (including the BSR) assuming the UE has no grant and has to send an SR and is configured with dedicated SR. T1 includes transmission and reception of SR and grant plus processing delays in both nodes. If the UE has no grant of any future validity when the BSR is triggered it is obvious the UE has to send SR.
Upon the time of triggering the BSR, if the UE has a grant which allows for UL-SCH transmission earlier than T1, then the UE should not transmit SR, as any grant received as a result of SR procedure within T1 will only result in a UL-SCH transmission after existing grant . 
Upon time of triggering the BSR, if the UE has a grant which allows for UL-SCH transmission later than T1, the UE should send an SR as any grant received will result in a UL-SCH transmission before the already granted resource. In this way, the word “immediate” can be said to correspond to T1.


Figure 1 – Model of timing relations for BSR and SR.
Determining the value T1 is very difficult. It depends on how quick the transmissions of SR and grant can be done, i.e., the numerology. It also depends on whether the UE has dedicated SR resources, because if not, the UE will perform a random access procedure which will take much longer time. It is also possible to weigh in aspects of priority. It is not possible for the network to configure a suitable value T1. Besides, if the grant within the T1 is too close to the transmission point that the UE cannot multiplex the BSR, not triggering SR would not be the intended behaviour.
[bookmark: _Toc505775296][bookmark: _Toc505784762][bookmark: _Toc505784795]Defining a time T the UE can use to determine whether to trigger SR or not is not feasible.
A second problem with the existing text is that from the time of triggering the BSR until transmission on UL-SCH may be too short for the BSR MAC CE to be built and included in the TB for transmission. A good UE implementation supporting short processing time strives to minimize this time, while a poor UE implementation may build the MAC PDUs earlier. While it might be simple to leave the whole problem for the UE implementation, a network implementation has to cope with varying UE implementations. Typically, the best overall system performance is achieved when there are strict guidelines and requirements. It is our understanding that the model of the UE used in the MAC specification is idealized and assumes that all MAC PDUs are built in the moment of transmission. In this particular case, we can see the need of having some type of implementation guideline or some form of explanation on when the specification assumes MAC PDUs are built. The processing time has been defined in section 6.4 of 38.214 (see Annex) which the UE shall follow.
Solution
As described above there are some issues with the existing text.
-	The MAC entity can either trigger SR or transmit BSR, never both.
-	The word “immediate” is ambiguous.
-	Some guidelines to prevent the “too early” construction of a MAC PDU could be useful.
To solve the two first issues is quite easy. First of all, the word “else” is removed which allows the UE to transmit a BSR and trigger SR. Should it be that the BSR is transmitted before the SR can be transmitted, the SR is cancelled according to already existing functionality. This change can also result in that an SR is transmitted even though the MAC Entity cannot be scheduled before an already given grant allows for transmission of a BSR. That is true, but as the PUCCH resource is anyway already allocated to the UE, the gNB has to attempt decoding at every occasion. Also the, notes from the meeting state the agreement that 
=>	The problem on SR being triggered too often will not be addressed.

For implementation guideline we propose the following:
The MAC Entity shall not build a MAC PDU earlier than the time of transmission on PUSCH minus any processing time, TS 38.214 [7].
As this is anyway the intended behaviour of the UE, we think it could be agreeable and it prohibits “lazy” implementations to build the MAC PDUs long in advance.
[bookmark: _Toc505775297][bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]Agree to the text proposal in section 3.
[bookmark: _Ref189046994]Text Proposal
The text proposal is written on top of R2-1801546 which is the running CR for 38.321.
[bookmark: _Toc502437816]5.4.5	Buffer Status Reporting
<snip>
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 immediate 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>	else if a Regular BSR has been triggered and logicalChannelSR-DelayTimer is not running:
3>	if an uplink grant is not a configured grant; 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:
4>	trigger a Scheduling Request.

The following text can be included somewhere in section 5.4.3.1.3.
[bookmark: _Toc502437813]5.4.3.1.3	Allocation of resources
<snip>
The MAC Entity shall not generate a MAC PDU earlier than the time of transmission on PUSCH minus any processing time TS 38.214 [7].
Conclusion
[bookmark: _Hlk505784810]In section 2 we made the following observations:
Observation 1	According to the existing specification text, the MAC entity can either transmit BSR or trigger SR.
Observation 2	The intended function is to limit the number of SRs transmitted, when a BSR can be transmitted instead.
Observation 3	Defining a time T the UE can use to determine whether to trigger SR or not is not feasible.

Based on the discussion in section 2 we propose the following:
Proposal 1	Agree to the text proposal in section 3.
 Annex: UE processing time defined in 38.214
[bookmark: _Toc501048227]6.4	UE PUSCH preparation procedure time

[bookmark: _Hlk496825264][bookmark: _Hlk496824447][bookmark: _Hlk496824026]If the first symbol in the PUSCH allocation, including the DM-RS, is no earlier than at symbol K2 the UE shall follow the scheduling DCI, where K2 is defined as the next uplink symbol with its CP starting after  after the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, where N2 is defined by tables 6.4-1 and 6.4-2 depending on UE capability, where
-	N2 and K2 are based on the numerology of the PUSCH to be transmitted, 

-	If µUL < µDL then 

-	If µUL ≥ µDL then 
-	If the first symbol of the PUSCH allocation consists of DM-RS only, then d2=0,
-	Otherwise d2=1. 
 Otherwise the UE may ignore the scheduling DCI. 
Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36



Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2
	

	PUSCH preparation time N2 [symbols]

	0
	[2.5-6]

	1
	[2.5-6]
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