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[bookmark: _GoBack]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#98 the following agreement was made:
Agreement
=>	Both sPUCCH and PUCCH can be configured for a UE for a single cell.  FFS which resource it uses to send the SR and under which conditions if both are configured.  

Thus, RAN2 needs to decide in which situations the UE sends an SR on sPUCCH vs. when the UE sends an SR on normal PUCCH when both are configured. 
[bookmark: _Ref178064866]Discussion
The sPUCCH in 2/3 os sTTI have about 9 dB worse coverage than PUCCH [1]. 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. This 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. 
[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]In terms of latency, it is beneficial for UEs to send SR on both sPUCCH and PUCCH.
It was discussed during RAN2#98 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 would 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 sTTI capable, 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 (using LCID information in a MAC PDU sub-header) that TTI type resources are sufficient. 
[bookmark: _Toc484616455][bookmark: _Toc484616556][bookmark: _Toc484619565][bookmark: _Toc484619649][bookmark: _Toc484678673][bookmark: _Toc484679937][bookmark: _Toc485221261][bookmark: _Toc485298836][bookmark: _Toc485298904][bookmark: _Toc485301166][bookmark: _Toc489020841]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]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]When a UE has an SR pending, the UE sends SR using the next available SR resources including SR resources avaiable on both PUCCH and sPUCCH.

In legacy LTE the UE may have multiple SR resources already (with the introduction of PUCCH on SCell). It was then agreed that in case there are two SR opportunities in one TTI the UE should send only one of them as described in the following note.
NOTE:	The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity 		has more than one valid PUCCH resource for SR in one TTI is left to UE implementation. 
Now when the UE can be configured with both SR and sSR RAN2 needs to decide which of the two the UE shall transmit in case the UE has SR opportunities in one TTI. When deciding whether to send sSR or SR the UE may be in the best position to decide and e.g. to always select SR (or always select sSR) may not be the best approach since what is best depend on radio conditions experienced by the UE. Since the UE can estimate if there is coverage of sPUCCH and PUCCH, and based on this select which SR resources to send SR on. Therefore, we think it can be left for UE implementation to select whether to send SR or sSR in case according to the configuration both are available in one TTI. 
[bookmark: _Toc485221877][bookmark: _Toc485222124][bookmark: _Toc485222943][bookmark: _Toc485223351][bookmark: _Toc485223593][bookmark: _Toc485296903][bookmark: _Toc485298065][bookmark: _Toc485298974][bookmark: _Toc485299046][bookmark: _Toc485301098][bookmark: _Toc489019661][bookmark: _Toc490236860]It is left to UE implementation which of sPUCCH and PUCCH SR resources to send SR on when both are configured.
[bookmark: _Toc482365881][bookmark: _Toc482366025][bookmark: _Toc482366411]It was agreed in RAN1#89 to not support simultaneous transmission of sPUCCH and PUCCH one carrier where the symbols overlap. In this case, the UE can select to send the SR on sPUCCH or PUCCH when they overlap in time and carrier and there is no HARQ feedback or CQI being transmitted on them (that is, in case sPUCCH and PUCCH would only carry SR). 
In legacy LTE, there is a fallback to RACH when SR on PUCCH fails, this involves dropping all configured: PUCCH resources, SRS, UL grants, and DL assignments. We need to correctly trigger this fallback when we can send SRs on both sPUCCH and PUCCH. 
For PUCCH there is the sr-ProhibitTimer to prevent transmission of another SR within a short time period (0 to 7 SR periods, see [2] 36.213 table 10.1.5-1). This limit the number of SRs sent, allows the eNB time to reply with a grant before the UE sends another SR, and decreases UE power consumption and PUCCH interference to other cells.
If we reuse the sr-ProhibitTimer for SR transmissions on sPUCCH; we need to extend the possible values of the timer to cover one full UL HARQ RTT for short TTIs (for example 0 to 11 if the n+6 option is selected in RAN1 for sTTIs). 
Instead an SR on sPUCCH can similarly have a separate ssr-ProhibitTimer to prohibit another SR on sPUCCH within a few sPUCCH SR periods. This will enable configuring the UE to first send an SR on sPUCCH, then prohibit further SRs on sPUCCH during which time the UE can send an SR on PUCCH which will save some UE energy and at the same time decrease the latency in case sPUCCH has no coverage. 
[bookmark: _Toc481514154][bookmark: _Toc481527474][bookmark: _Toc481528606][bookmark: _Toc481528661][bookmark: _Toc481528754][bookmark: _Toc481652928][bookmark: _Toc481653910][bookmark: _Toc481737855][bookmark: _Toc481738984][bookmark: _Toc481739241][bookmark: _Toc481739290][bookmark: _Toc481739436][bookmark: _Toc481739502][bookmark: _Toc481739652][bookmark: _Toc481740982][bookmark: _Toc482186569][bookmark: _Toc482190363][bookmark: _Toc482255914][bookmark: _Toc482349408][bookmark: _Toc482358424][bookmark: _Toc482363479][bookmark: _Toc482363928][bookmark: _Toc482364091][bookmark: _Toc482364391][bookmark: _Toc482364521][bookmark: _Toc482365882][bookmark: _Toc482366026][bookmark: _Toc482366412][bookmark: _Toc485223354][bookmark: _Toc485223596][bookmark: _Toc485296905][bookmark: _Toc485298067][bookmark: _Toc485298976][bookmark: _Toc485299048][bookmark: _Toc485301100][bookmark: _Toc490236861][bookmark: _Toc489019663]Similar to SR on PUCCH, an SR transmitted on sPUCCH starts an ssr-ProhibitTimer to prohibit SRs on sPUCCH until it times out. 
To lower the impact on the existing standard, the same counter for number of sent SR on PUCCH can be reused also for SRs sent on sPUCCH; and the same maximum number of transmissions of SR for fallback to RACH. 
[bookmark: _Toc485301101][bookmark: _Toc489019664][bookmark: _Toc490236862]The existing SR_COUNTER can count both SR transmissions on PUCCH and sPUCCH. When reaching dsr-TransMax, the UE drops all sPUCCH and PUCCH resources and initiate Random Access (as in legacy).
[bookmark: _Toc485301102]In legacy, transmitting a BSR on PUSCH or including all pending data in a MAC PDU will cancel all pending SRs. There is a risk of an extra delay if a UE is scheduled on PUSCH when new low latency data arrives triggering an SR that is canceled by the PUSCH BSR transmission before any sPUCCH SR transmission can take place. This is not expected to be a common case and the incurred extra delay is short, thus we can cancel all SRs at the inclusion of a BSR in any MAC PDU.
[bookmark: _Toc481527482][bookmark: _Toc481528613][bookmark: _Toc481528668][bookmark: _Toc481528761][bookmark: _Toc481652935][bookmark: _Toc481653917][bookmark: _Toc481737862][bookmark: _Toc481738991][bookmark: _Toc481739248][bookmark: _Toc481739297][bookmark: _Toc481739443][bookmark: _Toc481739509][bookmark: _Toc481739659][bookmark: _Toc481740989][bookmark: _Toc482186570][bookmark: _Toc482190364][bookmark: _Toc482255915][bookmark: _Toc482349409][bookmark: _Toc482358425][bookmark: _Toc482363480][bookmark: _Toc482363929][bookmark: _Toc482364092][bookmark: _Toc482364392][bookmark: _Toc482364522][bookmark: _Toc482365883][bookmark: _Toc482366027][bookmark: _Toc482366413][bookmark: _Toc485223355][bookmark: _Toc485223597][bookmark: _Toc485296906][bookmark: _Toc485298068][bookmark: _Toc485298977][bookmark: _Toc485299049][bookmark: _Toc485301103][bookmark: _Toc489019666][bookmark: _Toc490236863][bookmark: _Toc481527483]Like in legacy LTE, inclusion of a BSR in a MAC PDU for transmission cancel all pending SRs, no specification change needed for this.
Cancelling all pending SRs at the transmission of a BSR on sPUSCH poses a risk as the sPUSCH fails more likely than PUSCH (due to less energy being received at the eNB for sPUSCH), in which case we must wait for retxBSR-Timer before a new SR is triggered. But eNB will notice the failed sPUSCH reception and a reasonable implementation will start issuing PUSCH grants instead. Eventually a new BSR will be included and transmitted to the eNB.
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).

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 the next available SR resources including SR resources avaiable on both PUCCH and sPUCCH.
Proposal 2	It is left to UE implementation which of sPUCCH and PUCCH SR resources to send SR on when both are configured.
Proposal 3	Similar to SR on PUCCH, an SR transmitted on sPUCCH starts an ssr-ProhibitTimer to prohibit SRs on sPUCCH until it times out.
Proposal 4	The existing SR_COUNTER can count both SR transmissions on PUCCH and sPUCCH. When reaching dsr-TransMax, the UE drops all sPUCCH and PUCCH resources and initiate Random Access (as in legacy).
Proposal 5	Like in legacy LTE, inclusion of a BSR in a MAC PDU for transmission cancel all pending SRs, no specification change needed for this.
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