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Discussion and decision
1 Introduction

This contribution provides an initial evaluation of the RRC and MAC timers based on the foreseen impact identified in the Rel-13 LC/EC system [1] due to the delays introduced by different factors summarized Annex A.
2 Discussion
Section 2 describes aspects of the Rel-13 LC/EC system design that might impact to the timers and overall procedures; mainly due additional transmission delays cause by the introduction of repetitions and gaps in time. Looking at the big picture, the following options might be applicable for some of the timers:

Option 1 The timer is not impacted.
Option 2 The UE/eNB autonomously compensate legacy timers (e.g. by applying a factor on top of legacy timers or by defining certain formulas or rules that could be based on parts of the "EC information"). However, it may not be simple if the “EC information” (or parts of the "EC information") is implicitly derived within the lower layers rather than explicitly configured by the eNB (or indicated by the UE). If EC information is implicitly derived within the PHY layer, it is challenging to apply this option 2) as the timers are configured within the higher layers. Furthermore, the "EC information" might be different for each of the physical channels, and lastly, the EC level/information might change frequently depending on diverse factors. Different variants are explained below aiming to simplify how this option might be used:
Option 2-a. Worst-case scenario is always assumed for all channels (i.e. higher EC level).

Option 2-b. Different values/deltas are assumed based on the different EC levels used at any given time, also understanding that both UE and eNB needs to know them and need to change them in a synchronized manner.

Option 3 Network configures an appropriate value of the timer to Rel-13 LC/EC UEs. Value ranges of the timer might need to be expanded to cope with the long delay due to the repetition of data transmission/reception. The value configured by the eNB should be selected to suite the worst case EC level, if the EC level is changed in the lower layer to adapt the channel situation. 
 Figure 1 is an illustration of how the repetitions might impact a timer value. It shows a notional L2 or L3 timer that is started in transmission of a message and stopped on reception of a response message, demonstrating how the "EC information" associated with the UL channel used for message transmission and the "EC information" associated with the DL channel used for message reception would have an impact on the timer value.
Proposal 1. To take as baseline assumption for Rel-13 LC/EC design to only consider adjusting the timer values and keep the conditions to start and stop by the upper layer timers same as legacy.
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Figure 1. Upper layer timer in relation to EC information
Simply, upper layer timer was mentioned in the above Figure 1, however there will be need to evaluate the impacts separately for the PDCP, RLC, MAC, RRC and even NAS. Table 1 provides an initial classification of some RRC and MAC timers in relation to their foreseen impacts.
Table 1. Initial analysis of the EC impact in RRC and MAC

	Description
	Timers
	Our view

	The timer depends on the exchange of consecutive messages or on the reception of consecutive M-PDCCH
	T300, T301, 

drx-InactivityTimer, 

drx-RetransmissionTimer, onDurationTimer, ra-ResponseWindowSize, mac-ContentionResolutionTimer
	- Option 2: The timers might be extended by UE/eNB proportionally based on the EC information used for the M-PDCCH, unicast PDSCH and/or PUSCH
- Option 3: The timer value is configured by the eNB (same as NC). Increased value range in specification to be considered. 

	[The timer depends of a procedure (exchanged of few messages) e.g. upon entering RRC_CONNECTED and upon cell re-selection or upon successful completion of random access/handover or initiating re-establishment
	T302, T304, T307, T303, T305, T306, T340, T350
	- Option 3: The timers configured by the eNB. Increased value range in specification to be considered.

	The timer stop condition depends on certain trigger (e.g. consecutive N in-synch indication or the initiation trigger of certain procedures) or timer only tracks time
	T310, T312, T313, T321, drxShortCycleTimer, 

drx-Cyclelength Timer, RACH backoff
	- Option 1: timer might not be impacted
- Option 3: The timers configured by the eNB. Increased value range in specification to be considered.


(*) FFS: T325, T330, HARQ RTT Timer, timeAlignmentTimer, sr-ProhibitTimer, periodicBSR-Timer, retxBSR-Timer, logicalChannelSR-ProhibitTimer, periodicPHR-Timer, prohibitPHR-Timer, bucketSizeDuration
Proposal 2. To take as a baseline approach that the timer for Rel-13 LC/EC is configured with same mechanism as in legacy (e.g. configured by RRC signalling). 

Proposal 3. To consider on top of the baseline (to proposal 2) whether RAN2 should extend the current legacy value range of any of the timers.

Proposal 4. To also consider on top of the baseline (to proposal 2) whether for any of the timers, it is appropriate to adapt the timer value dynamically based on the "EC information" of physical channels involved with the timer. 

3 Conclusion

The observation and proposals related to this initial evaluation of the RRC and MAC timers based on the foreseen impact identified in the Rel-13 LC/EC system are the following:
Proposal 1. To take as baseline assumption for Rel-13 LC/EC design to only consider adjusting the timer values and keep the conditions to start and stop by the upper layer timers same as legacy.
Proposal 2. To take as a baseline approach that the timer for Rel-13 LC/EC is configured with same mechanism as in legacy (e.g. configured by RRC signalling). 

Proposal 3. To consider on top of the baseline (to proposal 2) whether RAN2 should extend the current legacy value range of any of the timers.

Proposal 4. To also consider on top of the baseline (to proposal 2) whether for any of the timers, it is appropriate to adapt the timer value dynamically based on the "EC information" of physical channels involved with the timer. 
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5 Annex A

Key points in the Rel-13 LC/EC system design to be considered:

· Some kind of EC related information, referred in this contribution as "EC information", will be configured or defined differently at least for each physical channel (PRACH, M-PDCCH, PDSCH, PUSCH and PUCCH). In some cases, even more granularity of differentiation might be required, such as, for the PDSCH (unicast vs RAR vs SIB vs paging), or for the M-PDCCH (scheduling unicast vs RAR vs paging). For simplicity these cases are referred as "EC information for each physical channel" in this discussion.

· For each given EC level, the "EC information" would refer to the following aspects, however it is important to note that the actual low level details are still under discussion in RAN1.

· The number of required repetitions or repetition level (RL).

· The repetition pattern in time (TP), which might be repeated in consecutive or no-consecutive subframes,

· The repetition pattern in frequency (FP), which might be repeated in same or different reduced regions (i.e. 1.4 MHz regions); moreover, if different reduced BW regions are used, additional new time gaps are considered by RAN1, as explained in  REF _Ref427248597 \h 
 below. 

· The values of the "EC information" might vary drastically depending on multiple factors, such as, the EC level, the system BW, the discontinuous transmission periodicity, the frequency hopping patterns, and the TBS.

· The values of the "EC information for each physical channel" might be known by the UE in different possible ways, such as, through specification of the values or their ranges or through L1/L2/L3 broadcast/unicast signaling. For example:

· For PBCH: the "EC information" is defined in the specification.

· For PDSCH with SIB: MIB/specification indicate the "EC information" of SIB1 and SIB1/specification indicates the "EC information" of other SI messages.

· For PDSCH with RAR: SIB/specification indicate the "EC information", however, the RACH configuration/resources used drives which "EC information" to use for RAR.

· For unicast PDSCH and PUSCH transmission: the repetition level (RL) is dynamically indicated in the DCI itself based on a set of values configured by higher layers
· Cross-subframe scheduling is supported between M-PDCCH and PDSCH and RAN1 is still discussing details of the design, however,  REF _Ref427248597 \h 
 aims to provide an overview of some general points based on their latest working assumptions and agreements: 

· M-PDCCH is designed based on Rel-11 ePDCCH for UEs in normal coverage (NC) and EC. The start subframe for the M-PDCCH (Tstart) is known to the UE (i.e. a possible subset of the subframes), however RAN1 is still discussing how to define or indicate this. 

· For the UE specific search space (SS) M-PDCCH in EC, a set of {AL, RL} will be defined, with AL, being the enhanced control channel element (ECCE) aggregation level within each subframe, and RL, being the number of repetitions. Therefore, the UE will firstly monitor the M-PDCCH and upon successfully decoding the DCI, it would try to receive PDSCH.

· The cross subframe scheduling between M-PDCCH and PDSCH is supported, and therefore an associated gap (K) is also considered, as below, considering that further details are still FFS in RAN1:

· K = 1 ( for NC when the scheduling within same 1.4MHz reduced BW region.

· K ≥ 2 ( for NC when dynamic frequency scheduling across different 1.4MHz reduced BW regions (actual K is FFS in RAN1) in order to get the frequency selective scheduling benefit.
· K ≥ 1 ( for EC 
· RAN1 is working to also define the set of subframes that a UE can assume as not being used for unicast repetitions of M-PDCCH and PDSCH (refer as "valid subframes").
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Figure 2. Rel-13 LC/EC scheduling design for M-PDCCH and PDSCH

NOTE:  REF _Ref427248597 \h 
 only shows one reduced BW region even though the time gaps (K) in some cases are due to scheduling across different reduced BW regions.
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