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1. Introduction
Part of the WID [1] is the provision of extended coverage, i.e., 
· Provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

According to the status report to RAN [2], RAN1 have made some agreements in use of repetition for channels like PRACH, (e-)PDCCH , PDSCH, and PUCCH, etc.

In this contribution, we provide some analysis on impact of extended coverage from the RAN2 point of view. 

2. Discussions on RAN2 impact
2.1 SIB acquisition

According to [2] and corresponding more detailed RAN1 meeting minutes, PDCCH and PDSCH repetitions are introduced for extended coverage. For SIB acquisition, the current procedure shall be reused maximally, the SI messages are scheduled in periodically-occurring time-domain window, while it relies on eNB scheduling to ensure the very last PDSCH transmission (i.e., the subframe in which the last transmission in the repetitions occurs) falls in the SI periodicity boundary. 

The typical numbers of PDCCH/PDSCH repetitions are on the order of tens, and the RRC specification allows SI-periodicity ranging from 8 to 512 milliseconds. 
Proposal 1 
SIB acquisition with extended coverage reuses the current procedure. eNB scheduling ensures the repetitions of (e-)PDCCH and PDSCH falls in the corresponding SI periodicity boundary. 

In order to avoid the resource/power waste as well as unnecessary interference increased by CE UE persistent access attempts to a legacy cell, it is useful to indicate whether the network supports CE mode. We see two alternatives to achieve this
· Alt.1: Implicit indication, i.e., if UE correctly decodes the SIB message with extended coverage mode, it considers the network support CE mode, and

· Alt.2:  Explicit indication, i.e., special IE in the SIB message is defined for such indication

Alt. 1 seems the simplest way and requires no changes to the SIB message. 

Proposal 2 
UE in CE mode tries to access the cell only if it detects SIB messages with extended coverage. 
2.2 RACH

According to the RAN1 status, the main impacts on RACH is potentially due to (e-)PDCCH and PDSCH repetitions , PUSCH repetitions, and RACH repetitions based on existing formats. In the following more detailed analysis is provided on RACH procedure. 
Random Access Procedure initialization and resource selection
Depending on the RAN1 decisions on PRACH resource arrangements, the procedures of RACH initialization and resource selection might need some update. For example, the PRACH resource/preamble selections may involve dedicated resources defined for CE users. RAN2 can further discuss this when the open issues are solved in RAN1 on the aspect. 
RACH timing

The possible impacts on RACH timing are summarized in Table 1. 

Table 1 Possible impact on RACH timing
	Msg0/1 timing
	Can reuse existing timing relationship

	Msg1/2 timing
	a) RA Response window needs to be extended over current range (2~10milliseconds), taking into account (e-)PDCCH and PDSCH repetitions
b) Clarification is needed regarding the subframe in which RA Response window starts.
The current specification is “RA Response window which starts at the subframe that contains the end of the preamble transmission plus three subframes and has length ra-ResponseWindowSize subframes”. If “end of preamble transmission” is understood as end of the subframe that contains the last repetition of the existing PRACH format, the current spec can be reused. 

	Msg2/3 timing
	Can reuse existing timing relationship

	Msg3/4 timing
	Clarification is needed regarding the subframe in which mac-ContentionResolutionTimer starts.
The current specification is “start mac-ContentionResolutionTimer and restart mac-ContentionResolutionTimer at each HARQ retransmission ”. If “at each HARQ retransmission” is understood as end of the subframe that contains the last repetition of retransmission of a PUSCH, the current spec can be reused. 


Proposal 3 
Impact of extended coverage on RACH initialization and resource selection is FFS depending on RAN1 decisions.
Proposal 4 
Existing RACH timing can be reused for extended coverage case, with the following clarifications:
· RA Response window needs to be extended over current range (2~10milliseconds), taking into account (e-)PDCCH and PDSCH repetitions. The exact value range is FFS based on RAN1 decisions.

· The existing specification on RA Response window and mac-ContentionResolutionTimer can be reused with the clarification that a timer is started or restarted at the subframe that contains the last repetition of PRACH or PUSCH.

2.3 Paging
Since paging is transmitted by PDSCH, for CE mode UE, the paging transmission also needs repetition. And there are two main issues: 
· Whether/how eNB knows the UE is CE mode or not

If eNB doesn’t know there is CE mode UE in its coverage, it needs to repeat all the paging messages to ensure CE mode UE can receive its paging. This costs large signaling overhead, especially when there is only normal UE. Therefore, it’s better for eNB to know whether there is CE mode UE in its coverage. The following question is how eNB get this information. The simple way is UE reporting. And after CE mode UE’s reporting, eNB stores this information and only repeat the paging message for this kind of UE.

· On paging occasion definition

Current definition of paging occasion doesn’t consider the repetition in one paging cycle. For CE mode UE, its paging can be enhanced to repetition in one or multiple paging cycles. For repetition in one paging cycle case, the additional paging occasion for CE mode UE can be introduced. The benefit of this option is that it doesn’t affect normal UE. The drawback is that it needs more subframe for paging repetition, and it will decrease the capacity of paging subframes. The other option is to keep the current occasion definition in one paging cycle and repetition is implemented via multiple paging cycles, and it doesn’t affect the capacity of paging subframes in one paging cycle, but it will lead to more latency for UE receiving paging. However, no matter which option is chosen, the definition of paging occasion needs to be modified for CE mode UE.

Proposal 5 
eNB needs to know whether there is CE mode UE in its coverage or not for paging repetition.

Proposal 6 
The definition of paging occasion for CE mode UE needs to be modified to support paging repetition. The details can be discussed further.

2.4 D-SR, BSR, and PHR
First of all, we observe that buffer status report might not be as useful for extended coverage scenario as in some other cases. In the WID, it was clarified that the main use case focus on delay tolerant applications, and in the TR 36.888, it was also captured that when considering the 20dB improvement in coverage in comparison to defined LTE cell coverage footprint engineered for "normal LTE UEs", latency from trigger to response 5 seconds in the exception report scenario and 10 seconds in the triggered report scenario is allowed. Some typical service types were mentioned in the TR, i.e., command-response traffic (~100 bytes in the uplink), exception report by WAN module (~100 bytes in uplink), and periodic reports or keep alive (~100 bytes in the uplink), which are all latency insensitive and have rather predicable packet size. 
D-SR

If PUCCH repetition is introduced, the time point to start sr-ProhibitTimer needs clarification, i.e., it shall be right after the last transmission in the PUCCH repetitions. 
BSR

Since BSR is of limited value as analyzed above, it seems sufficient to configure periodicBSR-Timer to infinity and set a maximum retxBSR-Timer (e.g., 10 seconds) to save resource. 
PHR
The need of power headroom report hasn’t been discussed much in RAN1. In our view, a UE in CE mode already use its maximum Tx power before consuming more resources due to extensive repetitions in the time domain. The simplest way is then not to rely on PHR but assuming maximum Tx power for UEs in CE mode. Further optimization or standardization effort seems not justified either for PHR. As current mechanism doesn’t allow PHR is disabled, one simple way is to configure PHR with maximum reporting internal to save resources. 
periodicPHR-Timer ENUMERATED {sf10, sf20, sf50, sf100, sf200, 

sf500, sf1000, infinity}, 

prohibitPHR-Timer ENUMERATED {sf0, sf10, sf20, sf50, sf100, 

sf200, sf500, sf1000},
Proposal 7 
There is no need to optimize D-SR, BSR, or PHR for extended coverage, i.e., reuse existing procedure is highly desirable. Further standardization effort seems not to be justified by its use case. 

2.5 DRX
First of all, from use case point of view DRX is not that critical for extended coverage, as the major scenario is the devices in the basement which typically has external power supply. With the repetitions of the physical channels, the DRX configuration would typically use a longer onDuration period, which negatively impact power saving effect. 
On the other hand, the specification effort seems quite heavy if DRX needs to be supported with extended coverage, i.e., 
· According to RAN1 decision, (e-)PDCCH repetitions are limited to a subset of sub-frames, which means the PDCCH subframe definition needs to be modified. 
· the DRX related timers needs to be further clarified, e.g., onDurationTimer currently depends on PDCCH subframe, drx-InactivityTimer is impacted by (e-)PDCCH repetitions, and some other timers like HARQ RTT Timer and drx-RetransmissionTimer is impacted by PDSCH repetitions. 
Proposal 8 
DRX is not supported with extended coverage given its limited use case and rather heavy standardization effort.  

2.6 TTI bundling 
In the case of extended coverage, TTI bundling seems not needed due to the following reasons
· The motivation of TTI bundling overlaps with extended coverage

· The design seems even more restrictive if TTI bundling needs to be taken into account in the repetition level of PUSCH (e.g., shall it be a multiple of four subframes?)
Proposal 9 
TTI bundling is not supported in the case of extended coverage. 
2.7 RRM and CSI measurement
As agreed RAN assumes all the existing mobility functionality is supported, therefore, RRM measurement is needed. The measurement accuracy performance may be investigated further by RAN4. 
The usefulness of CSI measurement with extended coverage is unclear for the following reasons
· The CSI measurement accuracy may be low due to large path loss in the considered scenario,

· CSI feedback delay is increased due to repetition of PUSCH repetition

· In order to minimize the impact to non-CE traffic scheduling, it is very likely dedicated resources will be reserved for UEs in CE mode, which further limits the possible gain of CSI-based scheduling. 
Therefore, CSI feedback is more likely to just provide a rough estimation of the channel strength of the UEs in CE mode. As RAN1 already agreed no support of repetition of periodic CSI over PUCCH, we propose not to use periodic CSI. On the other hand, RAN1 may further discuss on the need/mode of aperiodic CSI feedback. 
Proposal 10 
Periodic CSI feedback is not supported for extended coverage case. Whether aperiodic CSI is support and the CSI feedback mode (if supported) is up to RAN1.
2.8 RLF
Radio link monitoring may be needed to determine the link failure, e.g., when the radio signals were blocked by some moving obstacles or a frequency layer is interfered temporarily. The existing RLF procedure can be largely reused. 

· For physical layer trigger, T310 is triggered by lower layer and its value can be set up to 2 seconds, which means the extra delay due to repetitions of physical channels have no much impact. 
· For MAC trigger, if MAC determines that the maximum number of PRACH transmission is reached, it reports to higher layer, which then triggers RLF. 
· For RLC layer trigger, RLF is detected when max retransmission number is reached, i.e., maxRetxThreshold. The value ranges from 1 to 32. 
From the above aspects, the common point is the RRC determines RLF based on triggers from lower layer, therefore, the existing RLF procedure works well as long as the lower layer can send the trigger based on existing specification. Based on the discussion, we conclude that the impact on RLF due to extended coverage is limited. 
Besides, RAN4 may further investigate the definition of the thresholds Qin and Qout.
Proposal 11
From RAN2 point of view, existing RLF functionality is reused with no impact on current procedure. 
2.9 RRC/ PDCP/RLC  timers
The impact of extended coverage on RRC timers is limited:
· For the timers that are started upon the reception of certain DL messages (e.g., T304 upon reception of RRCConnectionReconfiguration message), the timers are started when lower layer indicates the reception to RRC. 
· For the timers that are started upon the transmission of certain UL messages (e.g., T301 upon transmission of RRCConnectionReestabilshmentRequest), the timers can be set to sufficient large values to allow extra repetitions of physical channels due to extended coverage. The range supported by the current specification is typically up to seconds, so the impact is rather limited. 
For PDCP layer, the following timers are related, as specified In TS 36.323:
a) discardTimer

The duration of the timer is configured by upper layers. In the transmitter, a new timer is started upon reception of an SDU from upper layer.
For RLC layer, the following timers are related, as specified in TS 36.322:
a) t-PollRetransmit

This timer is used by the transmitting side of an AM RLC entity in order to retransmit a poll (see sub clause 5.2.2).

b) t-Reordering

This timer is used by the receiving side of an AM RLC entity and receiving UM RLC entity in order to detect loss of RLC PDUs at lower layer (see sub clauses 5.1.2.2 and 5.1.3.2). If t-Reordering is running, t-Reordering shall not be started additionally, i.e. only one t-Reordering per RLC entity is running at a given time.

c) t-StatusProhibit

This timer is used by the receiving side of an AM RLC entity in order to prohibit transmission of a STATUS PDU (see sub clause 5.2.3).
The analysis on these timers defined in RLC and PDCP is similar to RRC timers, i.e., the repetitions in the lower layer have limited impact on the timers, as long as the range of values of these times defined in TS 36.331 are sufficient taking into account the typical numbers of repetitions of the corresponding physical channels. 
Proposal 12 There is no impact of extended coverage on RRC/PDCP/RLC timers, except for the case that current timer value is insufficient for the repetitions of corresponding physical channels. 
3. Conclusion
This contribtuion discuss on the potential impact of extended coverage from RAN2 point of view. The following have been proposed
Proposal 1 
SIB acquisition with extended coverage reuses the current procedure. eNB scheduling ensures the repetitions of (e-)PDCCH and PDSCH falls in the corresponding SI periodicity boundary.
Proposal 2 
UE in CE mode tries to access the cell only if it detects SIB messages with extended coverage.
Proposal 3 
Impact of extended coverage on RACH initialization and resource selection is FFS depending on RAN1 decisions.
Proposal 4 
Existing RACH timing can be reused for extended coverage case, with the following clarifications:

RA Response window needs to be extended over current range (2~10milliseconds), taking into account (e-)PDCCH and PDSCH repetitions. The exact value range is FFS based on RAN1 decisions.

The existing specification on RA Response window and mac-ContentionResolutionTimer can be reused with the clarification that a timer is started or restarted at the subframe that contains the last repetition of PRACH or PUSCH.
Proposal 5 
eNB needs to know whether there is CE mode UE in its coverage or not for paging repetition.
Proposal 6 
The definition of paging occasion for CE mode UE needs to be modified to support paging repetition. The details can be discussed further.
Proposal 7 
There is no need to optimize D-SR, BSR, or PHR for extended coverage, i.e., reuse existing procedure is highly desirable. Further standardization effort seems not to be justified by its use case.
Proposal 8 
DRX is not supported with extended coverage given its limited use case and rather heavy standardization effort.
Proposal 9 
TTI bundling is not supported in the case of extended coverage.
Proposal 10 
Periodic CSI feedback is not supported for extended coverage case. Whether aperiodic CSI is support and the CSI feedback mode (if supported) is up to RAN1.
Proposal 11
From RAN2 point of view, existing RLF functionality is reused with no impact on current procedure.
Proposal 12 There is no impact of extended coverage on RRC/PDCP/RLC timers, except for the case that current timer value is insufficient for the repetitions of corresponding physical channels.
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