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1 Introduction

This contribution summaries company views on RLC polling and status reporting and provides ZTE’s preferences based on the contributions under this topic ([2]-[9] listed in [1]) in RAN2#59. Some concerns from earlier contributions ([10]-[17]) on related issues are also addressed. 
2 Discussion
2.1 Polling and status reporting triggers

In this section, company positions on the retainment of Rel-6 polling and status reporting triggers as well as new proposed approaches for the triggers are listed.
Table 1: Rel-6 Polling triggers

	Polling triggers
	Supporting companies
	Opposing companies
	Decision

	Last PDU in buffer
	Null
	Null
	YES (already agreed)

	Last PDU in Retransmission buffer
	ASUSTeK [3], Huawei [6],  ZTE, …
	…
	YES?

	Poll timer (Timr_Poll) 
	NTT DoCoMo [2], ASUSTeK [3], Ericsson [4], Huawei [6], Motorola [8], ZTE, …
	…
	YES?

	Every Poll_PDU PDU
	…
	ZTE, …
	NO?

	Every Poll_SDU SDU
	…
	ZTE, …
	NO?

	Window based
	NTT DoCoMo [2], ASUSTeK [3], Huawei [6], ZTE, …
	…
	YES?

	Timer based (Timer_Poll_Periodic)
	NEC [5] (Note  1), … 
	HUAWEI [6], ZTE, …
	NO?

	Poll Prohibit (Timer_Poll_Prohibit)
	Motorola [8], ZTE (Note 2), …
	ASUSTeK [3], …
	YES or NO?


Note 1: periodical polling with gap detection scheme is proposed.
Note 2: ZTE view is that we can define both Timer_Poll_Prohibit and Timer_Status_Prohibit in the specification but should avoid configuring them simultaneously.
Table 2: Rel-6 Status reporting triggers

	Status reporting triggers
	Supporting companies
	Opposing companies
	Decision

	when receiving a poll request
	Null
	Null
	YES (already agreed)

	Detection of missing PDU(s)
	NTT DoCoMo [2], ASUSTeK [3], Ericsson [4],  NEC [5], Huawei [6], LG Electronics [9], ZTE, …
	…
	YES?

	Timer based status report transfer (Timer_Status_Periodic)
	Huawei [6], …
	ASUSTeK [3], ZTE, …
	NO?

	STATUS prohibit (Timer_Status_Prohibit) 
	ASUSTeK [3], ZTE (Note), …
	Ericsson [4], …
	YES or NO?


Note: see Note 2 in table 1. 
Table 3: New polling triggers proposed

	Polling triggers
	Supporting companies
	Opposing companies
	Decision

	Transmission of last data in the buffer
	Null
	Null
	YES (already agreed, inherited from Rel-6), (Note)

	Handover preparation
	Motorola [8], …
	…
	FFS

	Transmission of every N bytes data
	Motorola [8], …
	…
	FFS

	Transmission of every K TTIs
	Motorola [8], …
	…
	FFS

	…
	…
	…
	…


Note: It is proposed to modify current agreement from “Transmission of last data in the buffer” to “last PDU or PDU segment in transmission buffer” and “last PDU or PDU segment in retransmission buffer”
Table 4: New Status reporting triggers proposed

	Status reporting triggers
	Supporting companies
	Opposing companies
	Decision

	Indication from upper layers
	Null
	Null
	YES (already agreed)

	Polling from its peer AM RLC entity
	Null
	Null
	YES (already agreed, inherited from Rel-6)

	Timer report
	ASUSTeK [3], Huawei [6], …
	Ericsson [4], …
	FFS

	Indication from lower layers
	Huawei [6], ZTE, …
	…
	FFS

	Receiving window occupancy
	Huawei [6],  LG Electronics [9], …
	…
	FFS

	…
	…
	…
	…


From Table 1, it can be seen that Every Poll_PDU PDU, Every Poll_SDU SDU and Timer based lack the support from most companies. Table 2 shows that most companies support Detection of missing PDU(s) and few supports for Timer based status report transfer. As to the Poll prohibit and Status prohibit functionalities, ZTE proposes to define both in the specification but to avoid configuring them simultaneously. It is FFS for the new approaches of polling triggers and status reporting triggers based on information in Table 3 and Table 4. 

It seems that the information in the above tables is rather insufficient to weigh our decisions for the lack of enough company positions.
2.2 Further considerations
In this section, some principles and further analysis for polling and status reporting triggers in E-UTRAN are addressed. We think the following principles are applicable to specify the triggers: reduced complexity, reduced latency, improved efficiency and improved reliability.
Reduced complexity
Rel-6 AM RLC is fairly sophisticated and robust but rather complex. It is consensus that its complexity should be restricted and unnecessary options be eliminated. Simulation results on HARQ assisted ARQ scheme have shown that Local NACK mechanism brings significant gains both in FTP response time and in RLC recovery delay in high bit rate case [17]. On the other hand, two-direction retransmission triggers from both the local HARQ layer and the peer ARQ layer may result in duplicate feedbacks and subsequent redundant retransmissions as identified in contribution [10] etc. Redundant retransmission may also be caused by ACK to NACK error of the HARQ in Local NACK mechanism as analyzed in [18]. Some other error scenarios brought about by Local NACK mechanism are discovered as NACK to ACK, DTX to ACK, on-going flow, isolated flow, max retransmission etc which have been intensely studied by many companies. 

From the above discussion, it may be reasonable to make Local NACK scheme optional and configurable whether to work with pure RLC based retransmission triggers to reduce complexity. If higher performance is desired, Local NACK scheme is configured. It was noted that at WG2#53 meeting necessity to offer different levels of ARQ reliability had been identified [16] which may justify this proposal.
Reduced latency
Local NACK mechanism can significantly reduce the latency of triggering the retransmissions. For the smooth transmitting window advancing, in time ACK feedback is also important. This target can rely on Window based polling mechanism. To improve latency and reliability of status reporting for gap detection trigger, information from HARQ is beneficial, as indicated in [7], [10] etc. It is further emphasized in [10] that HARQ/ARQ interaction is limited only within the receiver and not peer-to-peer. In stage 2 TR, it is still FFS whether the receiving ARQ entities are notified if the HARQ receiver is able to detect TB transmission failure [19]. It is proposed to discuss the HARQ/ARQ interaction in the receiver and make decision at this meeting.
Another issue to be considered is the gap detection trigger for status reporting. Since receiver side MAC reordering was moved to RLC layer [15], a HARQ guard (jitter) timer TIMER_MISSING_PDU was proposed to be set upon detection of a gap in RLC entity and status report to be generated upon expiry of this timer. The value of this timer should be set to the maximum possible HARQ delay ([4], [6], [7], [9], [11], [13], [14], [16]). We agree on the necessity of this timer. However, we think it may be beneficial that this timer be configured a little longer than the HARQ guard time to avoid imprecise NACK message. The reason is that when the HARQ failed for the last time in the receiver, the HARQ entity in the transmitter would notify the ARQ entity for retransmission through Local NACK indication after about a half HARQ RTT time or may have already notified the transmitting RLC entity. The receiving RLC entity may receive the retransmitted RLC PDU shortly after so that NACK feedback is no longer needed. However, longer timer brings about more delay which needs careful trading off. This timer is configured by upper layers and the configuration of its length is implementation issue. In [9], such timer is configured for each detected gap and status reports are triggered upon expiry of each timer. In many cases, there would be more than one gaps detected in one detecting occasion or within a very short period of time, so that only one Timer associated with the highest missing SN needs to be activated and one status report would be triggered upon expiry of this timer.
Improved efficiency
Studies have shown that receiver initiated status reporting are more efficient than transmitter initiated status reporting (Polling triggers) from the radio resource consumption aspect. Local NACK mechanism also consumes less radio resource than higher layer feedback. Detection of missing PDU(s) can be always configured by the receiver for triggering status report. Timer based status report can be removed for its low efficiency due to some unnecessary retransmissions of status report and its irrespective of actual data flow rates. To avoid window stalling and slide the transmitting window smoothly based on ACK feedback from the peer RLC entity, Window based polling can provide an efficient way of triggering status report. For isolated packets or last data in buffer, Last PDU or PDU segment in transmission or retransmission buffer polling triggers are used. Poll timer is also useful here to avoid deadlock. Poll prohibit or status prohibit mechanism may be needed to avoid too frequent triggering of status report and subsequent redundant retransmissions. In order to avoid redundant retransmissions by the transmitter, mechanisms such as retransmission restraint can be utilized. Status report excluding NACK message of already NACKed PDUs within an ARQ RTT can also be considered to improve efficiency. Whether this needs to be specified is FFS.
Improved reliability
Combination of transmitter initiated status reporting (Polling triggers) and receiver initiated status reporting should be considered to improve reliability and higher performance. Deadlock situation can be avoided by poll timer even without timer based status reporting. For reliable and efficient gap detection, indication from lower layers mechanism in the receiving RLC entity can be applied.
3 Proposals
From above discussions, the following mechanisms are proposed for E-UTRAN AM RLC:
Proposal 1: Except Every Poll_PDU PDU, Every Poll_SDU SDU, Timer based polling triggers and Timer based status reporting triggers, other Rel-6 polling and status reporting triggers are retained.
Proposal 2: To allow HARQ/ARQ interaction in the receiver and specify the new status reporting trigger Indication from lower layers. So that stage 2 can also be concluded on this issue.
Proposal 3: For triggering of retransmissions, to make the Local NACK mechanism optional, i.e. Local NACK can be configurable as not to use or to work with RLC polling and status reporting (FFS). 
Proposal 4: For triggering of gap detection status reporting, TIMER_MISSING_PDU for HARQ guard time should be specified; the timer is configured by upper layers and the configuration of its length is implementation issue. If more than one gaps are detected within a very short period of time, only one timer associated with the highest missing SN is activated.
Proposal 5: In order to avoid redundant retransmissions by the transmitter, mechanisms such as retransmission restraint can be utilized. Status reporting excluding NACK message of already NACKed PDUs within an ARQ RTT can also be considered to improve efficiency. Whether this point needs to be specified is FFS.
Proposal 6: To achieve higher performance of link layer error recovery in E-UTRAN, four principles as reduced complexity, reduced latency, improved efficiency and improved reliability should be considered.
4 Conclusion
RLC polling and status reporting issues in E-UTRAN are discussed in this paper. It is proposed that RAN2 take into account proposals in section 3. It is also proposed that interested companies express their positions to complete the tables in section 2 and make our decisions accordingly. 
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