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Introduction
RAN1 has introduced scheduling request (SR) transmission on SPUCCH for which RAN2 needs to provide the logic for how it should be used. At RAN2#99, the following agreements have been reached:
Agreements:
-	A restriction similar to LCP restriction can be used to determine SR configuration to logical channel mapping
-	In the case of overlapping occasions of sPUCCH and PUCCH, it is left up to UE implementation which of sPUCCH or PUCCH SR resources to send SR on when SR can be sent on both PUCCH and sPUCCH.  In case of non-overlapping SR occastions, the UE can transmit on the earliest SR occasion.  The UE doesn’t transmit on both sPUCCH and PUCCH simultaneously.   
-	Working assumption:  an SR transmitted on sPUCCH starts an ssr-ProhibitTimer to prohibit SRs on sPUCCH until it times out
-	Working assumption:  Different SR_COUNTERs are used
- 	Like in legacy LTE, inclusion of a BSR in a MAC PDU for transmission cancel all pending SRs, no specification change needed for this.

In this paper, we discuss the implication these agreements have for the SR and BSR handling. 

[bookmark: _Ref178064866]Discussion 
The agreement 
-	A restriction similar to LCP restriction can be used to determine SR configuration to logical channel mapping
is ambiguous. Does “can be used” mean a UE must use SR on SPUCCH for LCHs configured with sTTI as only allowed TTI length? This needs to be clarified. 
In [1] we made the following argument, slightly revised here: 
The SPUCCH in subslot based sTTI have about 9 dB worse coverage than PUCCH [2]. This means that if the eNB configures the UE only with SR on SPUCCH, and the UE moves to a place where the radio conditions are somewhat poor, an SR transmission on SPUCCH may not reach the eNB. If the UE sends a number of SPUCCH SRs (without cancelling the SR, i.e., without transmitting a BSR) would trigger the UE to release all SRS, SPS, and PUCCH resources and perform a random access, even if the UE would be “in coverage” w.r.t. sending SR on the normal PUCCH. One of the targets of this WI is to reduce latency, and doing an unnecessary random access, plus RRC reconfigurations to resume SRS, SPS, and PUCCH, is therefore not in-line with the target of this WI. 
One may argue that as soon as the UE moves out of SPUCCH coverage the sTTI-feature should no longer be used. However, the UE may be in SPUSCH coverage even if it is not in SPUCCH coverage so to disable sTTIs, whenever SPUCCH is not used, will be a waste. 
Instead the UE can send SR on both SPUCCH and PUCCH resources, as RAN1 have decided that SPUCCH transmission always cancels any 1 ms transmission that overlaps in time on a given carrier, and the SPUCCH will normally always be transmitted first resulting in short latency. Then, assuming correct settings of the SR prohibit timers, the UE might have opportunity to send PUCCH SR before repeating an SPUCCH SR which will give lower delay in case SPUCCH is not heard by the eNB. 
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc484616454][bookmark: _Toc484616555][bookmark: _Toc484619564][bookmark: _Toc484619648][bookmark: _Toc484678672][bookmark: _Toc484679936][bookmark: _Toc485221260][bookmark: _Toc485298835][bookmark: _Toc485298903][bookmark: _Toc485301165][bookmark: _Toc489020840][bookmark: _Toc494101466][bookmark: _Toc494102377][bookmark: _Toc494106628][bookmark: _Toc494107380][bookmark: _Toc494107622][bookmark: _Toc494266173][bookmark: _Toc494270538][bookmark: _Toc494270811][bookmark: _Toc494270880][bookmark: _Toc494271610][bookmark: _Toc494271883][bookmark: _Toc494272318][bookmark: _Toc494274046][bookmark: _Toc494274887][bookmark: _Toc494372224][bookmark: _Toc494372732]In terms of latency, it is beneficial for UEs to send SR on both SPUCCH and PUCCH.
It was discussed during RAN2#98 and RAN2#99 whether the UE shall select to send SR on SPUCCH or normal PUCCH depending on which traffic the UE has in its buffers. E.g. if the UE has delay sensitive data in the buffers it shall send an SR on SPUCCH, otherwise send an SR on normal PUCCH. We acknowledge that this might provide some gains, but not necessarily in terms on latency! 
If we instead assume that no connection between traffic-type and SR-type is introduced by RAN2 (which we believe could become quite complex), the eNB would not know which type of grant a UE needs when the UE sends an SR. For example, the UE may send a normal SR when having delay sensitive data and vice versa, so the eNB may give the “wrong” type of grant and the UE would then have to send a BSR and there is delay. 
We think that a reasonable eNB implementation could always give an sTTI grant to a UE if the UE is configured with sTTI, just in case the UE happens to have delay sensitive traffic. Of course, one may argue that this wastes sTTI resources in case the UE only needed a normal-TTI grant. That is true but we think that waste is not critical and we think instead RAN2 should target a simple solution. In addition, any concern about potentially wasting sTTI resources can be viewed as minimal considering that it is always possible for the eNB to adjust the uplink resources from type SPUSCH to type PUSCH upon later determining what type of resources that are sufficient (using LCID information in a MAC PDU sub-header, or BSRs). 
[bookmark: _Toc484616455][bookmark: _Toc484616556][bookmark: _Toc484619565][bookmark: _Toc484619649][bookmark: _Toc484678673][bookmark: _Toc484679937][bookmark: _Toc485221261][bookmark: _Toc485298836][bookmark: _Toc485298904][bookmark: _Toc485301166][bookmark: _Toc489020841][bookmark: _Toc494101467][bookmark: _Toc494102378][bookmark: _Toc494106629][bookmark: _Toc494107381][bookmark: _Toc494107623][bookmark: _Toc494266174][bookmark: _Toc494270539][bookmark: _Toc494270812][bookmark: _Toc494270881][bookmark: _Toc494271611][bookmark: _Toc494271884][bookmark: _Toc494272319][bookmark: _Toc494274047][bookmark: _Toc494274888][bookmark: _Toc494372225][bookmark: _Toc494372733]There may be some (seemingly small) gain in terms of capacity if the UE selects SR-type based on traffic type.
Another aspect to consider of course is that if the UE has delay sensitive traffic available and the next SR opportunity is on normal PUCCH, it may hurt latency if the UE instead waits for an SR on SPUCCH. 
[bookmark: _Toc484616456][bookmark: _Toc484616557][bookmark: _Toc484619566][bookmark: _Toc484619650][bookmark: _Toc484678674][bookmark: _Toc484679938][bookmark: _Toc485221262][bookmark: _Toc485298837][bookmark: _Toc485298905][bookmark: _Toc485301167][bookmark: _Toc489020842][bookmark: _Toc494101468][bookmark: _Toc494102379][bookmark: _Toc494106630][bookmark: _Toc494107382][bookmark: _Toc494107624][bookmark: _Toc494266175][bookmark: _Toc494270540][bookmark: _Toc494270813][bookmark: _Toc494270882][bookmark: _Toc494271612][bookmark: _Toc494271885][bookmark: _Toc494272320][bookmark: _Toc494274048][bookmark: _Toc494274889][bookmark: _Toc494372226][bookmark: _Toc494372734]Latency-wise it may be better to send SR on the closest/next SR opportunity (regardless if it is on PUCCH or SPUCCH).
So, to summarize, if the UE selects SR-type depending on traffic type (delay sensitive / non-delay sensitive) there may be some (seemingly small) gain in terms of capacity, but the latency may be hurt by such an approach. Given that the gains are questionable, we think RAN2 should aim for simplicity. During the 32-carrier CA enhancement WI, SR was introduced on SCells and RAN2 had a very similar discussion back then. It was proposed to have various schemes for how the UE should select SR, but in the end RAN2 picked the simple approach of sending SR on all SR opportunities, i.e. the UE would both send SRs on the PCell and on the SCell when an SR is pending. We think RAN2 can go with this approach also this time. We propose: 
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc484616692][bookmark: _Ref484619237][bookmark: _Toc484619568][bookmark: _Toc484619569][bookmark: _Toc484678676][bookmark: _Toc484679940][bookmark: _Toc485221264][bookmark: _Toc485298838][bookmark: _Toc485298906][bookmark: _Toc485301168][bookmark: _Toc489020843][bookmark: _Toc490236859][bookmark: _Toc494101471][bookmark: _Toc494102383][bookmark: _Toc494106634][bookmark: _Toc494107386][bookmark: _Toc494107628][bookmark: _Toc494266180][bookmark: _Toc494270545][bookmark: _Toc494270818][bookmark: _Toc494270887][bookmark: _Toc494271617][bookmark: _Toc494271890][bookmark: _Toc494272325][bookmark: _Toc494274053][bookmark: _Toc494274894][bookmark: _Toc494372231][bookmark: _Toc494372739]When a UE has an SR pending, the UE sends SR using all available SR resources including SR resources available on both PUCCH and SPUCCH.

The agreement
-	In the case of overlapping occasions of sPUCCH and PUCCH, it is left up to UE implementation which of sPUCCH or PUCCH SR resources to send SR on when SR can be sent on both PUCCH and sPUCCH. 
is under the assumption that the SRs would be the only information transmitted on PUCCH or SPUCCH. 
In the case there is other info like HARQ ACK/NACK or CSI on both PUCCH and SPUCCH (no CSI is yet defined for SPUCCH in RAN1, but we can leave the possibility open as it is similar to HARQ ACK/NACK), RAN1 have decided that the UE shall drop the PUCCH and only send the SPUCCH. 
[bookmark: _Toc492602626][bookmark: _Toc492603428][bookmark: _Toc492621272][bookmark: _Toc492621312][bookmark: _Toc493762908][bookmark: _Toc493762921][bookmark: _Toc493762964][bookmark: _Toc494101469][bookmark: _Toc494102380][bookmark: _Toc494106631][bookmark: _Toc494107383][bookmark: _Toc494107625][bookmark: _Toc494266176][bookmark: _Toc494270541][bookmark: _Toc494270814][bookmark: _Toc494270883][bookmark: _Toc494271613][bookmark: _Toc494271886][bookmark: _Toc494272321][bookmark: _Toc494274049][bookmark: _Toc494274890][bookmark: _Toc494372227][bookmark: _Toc494372735]RAN2 agreement leaving it to UE implementation to select SPUCCH or PUCCH SR resources to send SR for overlapping occasions of SPUCCH and PUCCH have not considered other information, like HARQ feedback and CSI, transmitted on SPUCCH and PUCCH. 
[bookmark: _Toc492602627][bookmark: _Toc492603429][bookmark: _Toc492621273][bookmark: _Toc492621313][bookmark: _Toc493762909][bookmark: _Toc493762922][bookmark: _Toc493762965][bookmark: _Toc494101470][bookmark: _Toc494102381][bookmark: _Toc494106632][bookmark: _Toc494107384][bookmark: _Toc494107626][bookmark: _Toc494266177][bookmark: _Toc494270542][bookmark: _Toc494270815][bookmark: _Toc494270884][bookmark: _Toc494271614][bookmark: _Toc494271887][bookmark: _Toc494272322][bookmark: _Toc494274050][bookmark: _Toc494274891][bookmark: _Toc494372228][bookmark: _Toc494372736]In case a UE has HARQ ACK/NACK or CSI to transmit on PUCCH in the same subframe on a given carrier as SPUCCH, RAN1 have decided to drop the PUCCH transmission. 
When SPUCCH and PUCCH is overlapping on a given carrier, there are four cases that can occur at the time when the UE shall select resources to send SR on, as illustrated in the table below: 
	
	HARQ ACK/NACK or CSI on SPUCCH
	No HARQ ACK/NACK nor CSI on SPUCCH

	HARQ ACK/NACK or CSI on PUCCH
	PUCCH is dropped according to RAN1 agreement. 
Only SPUCCH can be used for SR. 
	UE can select where to send SR, and if SPUCCH is selected the PUCCH is dropped according to RAN1 agreement. 

	No HARQ ACK/NACK nor CSI on PUCCH

	PUCCH will be dropped according to RAN1 agreement if selected for SR. Only SPUCCH can be used for SR.
	UE can freely select where to send SR.



[bookmark: _Toc494266178][bookmark: _Toc494270543][bookmark: _Toc494270816][bookmark: _Toc494270885][bookmark: _Toc494271615][bookmark: _Toc494271888][bookmark: _Toc494272323][bookmark: _Toc494274051][bookmark: _Toc494274892][bookmark: _Toc494372229][bookmark: _Toc494372737]A reasonable UE implementation will take HARQ ACK/NACK and CSI into account and select the most appropriate resources for SR transmission. 

[bookmark: _Toc494372232][bookmark: _Toc494372740][bookmark: _Toc494266181][bookmark: _Toc494270546][bookmark: _Toc494270819][bookmark: _Toc494270888][bookmark: _Toc494271618][bookmark: _Toc494271891][bookmark: _Toc494272326][bookmark: _Toc494274054][bookmark: _Toc494274895]In case of overlapping SPUCCH and PUCCH occasions on a given carrier, it is left to the UE implementation to select SR resources to send SR on. The UE is expected to take HARQ feedback and CSI information transmissions for PUCCH/SPUCCH into account when selecting resources to send SR on. 

The agreement 
In case of non-overlapping SR occastions, the UE can transmit on the earliest SR occasion. 
This is the legacy behavior when there is only one time scale and the exact point in time when a decision to send SR is taken is not necessary to know as TTIs are processed one after each other in sequence. When both sTTIs and 1ms TTIs are configured for a UE, the exact time when decision on SR is needed will depend on the implementation. Likely the SR on PUCCH decision on what to send have to be made much earlier than for SR on SPUCCH if transmissions overlap in time on a given carrier. Also, if PUCCH and SPUCCH do not overlap in time, an SR sent on PUCCH in subframe n will likely take longer time to result in a UL grant from the eNB than an SR sent in any sTTI in subframe n+1. Therefore it leaving it to the UE implementation to select where SRs are sent can result in lower delay. 
[bookmark: _Toc494102382][bookmark: _Toc494106633][bookmark: _Toc494107385][bookmark: _Toc494107627][bookmark: _Toc494266179][bookmark: _Toc494270544][bookmark: _Toc494270817][bookmark: _Toc494270886][bookmark: _Toc494271616][bookmark: _Toc494271889][bookmark: _Toc494272324][bookmark: _Toc494274052][bookmark: _Toc494274893][bookmark: _Toc494372230][bookmark: _Toc494372738]It is beneficial for latency to leave it up to the UE implementation to decide to use SR on PUCCH or SR on SPUCCH. 

The agreement 
The UE doesn’t transmit on both sPUCCH and PUCCH simultaneously.   
Is already treated in RAN1 for the case of overlapping in time on a given carrier. We think we shall not restrict the UEs that can handle multiple carriers at the same time, if RAN1 will allow different TTI length configurations on different carriers (now or in later releases) RAN2 shall not limit the use of these for SR transmission. 
[bookmark: _Toc493762913][bookmark: _Toc493762926][bookmark: _Toc493762969][bookmark: _Toc494101474][bookmark: _Toc494102386][bookmark: _Toc494106637][bookmark: _Toc494107389][bookmark: _Toc494107631][bookmark: _Toc494266184][bookmark: _Toc494270549][bookmark: _Toc494270822][bookmark: _Toc494270891][bookmark: _Toc494271621][bookmark: _Toc494271894][bookmark: _Toc494272329][bookmark: _Toc494274057][bookmark: _Toc494274898][bookmark: _Toc494372233][bookmark: _Toc494372741]The agreement “The UE doesn’t transmit on both sPUCCH and PUCCH simultaneously.” is a confirmation of the RAN1 agreement for overlapping SPUCCH and PUCCH on a given carrier. 

The working agreement 
-	Working assumption:  an SR transmitted on sPUCCH starts an ssr-ProhibitTimer to prohibit SRs on sPUCCH until it times out
Is reasonable as it allows a configuration where the UE can select where to send SRs, and at the same time allow for sending SRs on both SPUCH and PUCCH to minimize the delay. 
[bookmark: _Toc494107390][bookmark: _Toc494107632][bookmark: _Toc494266185][bookmark: _Toc494270550][bookmark: _Toc494270823][bookmark: _Toc494270892][bookmark: _Toc494271622][bookmark: _Toc494271895][bookmark: _Toc494272330][bookmark: _Toc494274058][bookmark: _Toc494274899][bookmark: _Toc494372234][bookmark: _Toc494372742]Similar to SR on PUCCH starting the sr-ProhibitTimer that prohibits SR on PUCCH until it times out, an SR transmitted on SPUCCH starts an ssr-ProhibitTimer to prohibit SRs on SPUCCH until it times out. 

The proposals in this paper will enable the following reasonable implementation:
eNB configure SR on PUCCH every 1 ms TTI and SR on SPUCCH every sTTI, the ssr-ProhibitTimer to be long enough to allow PUCCH transmission in the following subframe after a subframe with an sTTI. When an SR is triggered, the UE normally selects to send an SR on the first SPUCCH occasion (for low delay) and then the following subframe an SR on PUCCH will be sent. Thus, if SR is not heard on SPUCCH, the latency until eNB knows the UE has data is minimized. 
The drawback of such settings is that if the UE fades out for a first SPUCCH transmission and then fades back in before the end of the next subframe, it would give lower delay to repeat an SR on SPUCCH than waiting for the PUCCH SR. This seems rare enough to ignore.

The working assumption
-	Working assumption:  Different SR_COUNTERs are used

In legacy, SR_COUNTER counts number of transmitted SRs on PUCCH. The purpose of SR_COUNTER is to trigger fallback to RACH if an SR has not been canceled after dsr-TransMax SR transmissions. 
With a SSR_COUNTER counting SRs sent on SPUCCH, it would be a waste if reaching a maximum, say dssr-TransMax, SR transmissions on SPUCCH will triggered fallback to RACH (including dropping of PUCCH/SPS/SRS resources) as very likely the PUCCH will still have coverage. 
If we require both dssr-TransMax SR transmissions on SPUCCH and dsr-TransMax SR transmissions on PUCCH before triggering fallback to RACH, we might end up in the UE selecting to only send SR on PUCCH due to coverage and when reaching dsr-TransMax SR transmissions on PUCCH it need to also send dssr-TransMax SR transmissions on SPUCCH which will be a waste of time and energy.
When reaching dssr-TransMax SR transmissions on SPUCCH, we can stop all SR transmissions on SPUCCH; and instead only let the legacy SR_COUNTER trigger RACH fallback when it reaches dsr-TransMax. 

[bookmark: _Toc494107391][bookmark: _Toc494107633][bookmark: _Toc494266186][bookmark: _Toc494270551][bookmark: _Toc494270825][bookmark: _Toc494270894][bookmark: _Toc494271624][bookmark: _Toc494271897][bookmark: _Toc494272332][bookmark: _Toc494274059][bookmark: _Toc494274900][bookmark: _Toc494372235][bookmark: _Toc494372743]Count number of SRs sent on SPUCCH in a counter SSR_COUNTER, similar to the SR_COUNTER for PUCCH SR transmissions. 
[bookmark: _Toc494270552][bookmark: _Toc494270826][bookmark: _Toc494270895][bookmark: _Toc494271625][bookmark: _Toc494271898][bookmark: _Toc494272333][bookmark: _Toc494274060][bookmark: _Toc494274901][bookmark: _Toc494372236][bookmark: _Toc494372744]The SSR_COUNTER shall be set to zero at the same time as legacy SR_COUNTER, that is, when a new SR is triggered and there is no other SR pending. 
[bookmark: _Toc494270553][bookmark: _Toc494270827][bookmark: _Toc494270896][bookmark: _Toc494271626][bookmark: _Toc494271899][bookmark: _Toc494272334][bookmark: _Toc494274061][bookmark: _Toc494274902][bookmark: _Toc494372237][bookmark: _Toc494372745]When SSR_COUNTER reach a maximum dssr-TransMax transmissions, no more SR shall be sent on SPUCCH until the pending SR is cancelled. 
[bookmark: _Toc494270824][bookmark: _Toc494270893][bookmark: _Toc494271623][bookmark: _Toc494271896][bookmark: _Toc494272331][bookmark: _Toc494274062][bookmark: _Toc494274903][bookmark: _Toc494372238][bookmark: _Toc494372746]Fallback to RACH shall not be triggered by reaching a maximum number of SPUCCH SR transmissions. As in legacy, fallback to RACH shall only be triggered when reaching dsr-TransMax SR transmissions on PUCCH. 

The proposals have been implemented in the companion text proposal [3].

Conclusion 
In section 2 we made the following observations:
Observation 1	In terms of latency, it is beneficial for UEs to send SR on both SPUCCH and PUCCH.
Observation 2	There may be some (seemingly small) gain in terms of capacity if the UE selects SR-type based on traffic type.
Observation 3	Latency-wise it may be better to send SR on the closest/next SR opportunity (regardless if it is on PUCCH or SPUCCH).
Observation 4	RAN2 agreement leaving it to UE implementation to select SPUCCH or PUCCH SR resources to send SR for overlapping occasions of SPUCCH and PUCCH have not considered other information, like HARQ feedback and CSI, transmitted on SPUCCH and PUCCH.
Observation 5	In case a UE has HARQ ACK/NACK or CSI to transmit on PUCCH in the same subframe on a given carrier as SPUCCH, RAN1 have decided to drop the PUCCH transmission.
Observation 6	A reasonable UE implementation will take HARQ ACK/NACK and CSI into account and select the most appropriate resources for SR transmission.
Observation 7	It is beneficial for latency to leave it up to the UE implementation to decide to use SR on PUCCH or SR on SPUCCH.

Based on the discussion in section 2 we propose the following:
Proposal 1	When a UE has an SR pending, the UE sends SR using all available SR resources including SR resources available on both PUCCH and SPUCCH.
Proposal 2	In case of overlapping SPUCCH and PUCCH occasions on a given carrier, it is left to the UE implementation to select SR resources to send SR on. The UE is expected to take HARQ feedback and CSI information transmissions for PUCCH/SPUCCH into account when selecting resources to send SR on.
Proposal 3	The agreement “The UE doesn’t transmit on both sPUCCH and PUCCH simultaneously.” is a confirmation of the RAN1 agreement for overlapping SPUCCH and PUCCH on a given carrier.
Proposal 4	Similar to SR on PUCCH starting the sr-ProhibitTimer that prohibits SR on PUCCH until it times out, an SR transmitted on SPUCCH starts an ssr-ProhibitTimer to prohibit SRs on SPUCCH until it times out.
Proposal 5	Count number of SRs sent on SPUCCH in a counter SSR_COUNTER, similar to the SR_COUNTER for PUCCH SR transmissions.
Proposal 6	The SSR_COUNTER shall be set to zero at the same time as legacy SR_COUNTER, that is, when a new SR is triggered and there is no other SR pending.
Proposal 7	When SSR_COUNTER reach a maximum dssr-TransMax transmissions, no more SR shall be sent on SPUCCH until the pending SR is cancelled.
Proposal 8	Fallback to RACH shall not be triggered by reaching a maximum number of SPUCCH SR transmissions. As in legacy, fallback to RACH shall only be triggered when reaching dsr-TransMax SR transmissions on PUCCH.
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