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1 Introduction
One of the objectives of the Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify coverage enhancements corresponding to 15 dB for FDD. The coverage enhancements should be applicable for the new low-complexity UE type as well as for other UEs operating delay tolerant MTC applications. The coverage enhancements should also be applicable for both FDD and TDD, although no explicit coverage target is specified for TDD in the WID.

This contribution discusses the impact on some of the procedures/methods/protocols from RAN2 standpoint due to the coverage enhancements proposed in RAN1.
2 Discussion
​The “Low cost & enhanced coverage MTC UE for LTE” WID [1] suggests repetition, bundling and PSD boosting as possible solution components for the coverage aspect. More detailed analyses on how it can be done for various physical channels can be found in [2], [3], and [4] for PDSCH and PUSCH, for PRACH, and for PBCH, respectively.
The repetition introduced for coverage enhancements will lead to longer transmission times and latency. This will have an impact on almost all procedures that have some sort of time limitation. In this contribution we list these procedures and provide a first view on whether there is a need for revision due coverage enhancements. The discussion in this paper refers to FDD, but it is worth noting is that in TDD the resulting latencies might be longer than in FDD.
For data channels, RAN1 has so far agreed [5] on the following in enhanced coverage mode:

· HARQ is supported in both UL and DL

· Repetition of (E)PDCCH, PDSCH and PUCCH with multiple levels in time domain is supported

· (E)PDCCH is supported to schedule PDSCH

· (E)PDCCH repetitions are transmitted before PDSCH
· Possible starting subframes of (E)PDCCH repetitions are limited

· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and neither configured by upper layers nor indicated by (E)PDCCH

· UEs are not required to decode PCFICH 

For PRACH, RAN1 has agreed on the following in enhanced coverage mode [5]
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[6]: 

· Existing PRACH formats are used

· Multiple PRACH repetition levels are supported

· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to the network
· Whether the repetition level associated with transmission of Msg2/3/4 can be semi-statically configured, dynamically signalled, or predefined is FFS
· Enhanced coverage UEs will use CDM with the existing time/frequency resources and additionally new time/frequency resources will be defined.
Details on how the repetitions in different procedures can be implemented are left for further study.
2.1 Data transmission on PDSCH and PUSCH

Ideally 15 dB coverage enhancement can be achieved by 32 times repetition. However, taking worse channel estimation for UEs in bad coverage into account can lead to significantly higher repetition factor. A simple average over various estimates for PDSCH (FDD) in table 9.5.6.1-1 in [10] instead gives 150 repetitions. Legacy HARQ retransmissions, where each repeated transport block is handled separately by HARQ, would lead to very high latency. For example, 150 repetitions with HARQ RTT of 8 ms would result in 1200 ms latency if no segmentation or bundling would be used. Alternatively, if large TTI bundles were introduced for downlink repetition, the latency in the best case would be 153 ms + the possible repetitions of the downlink assignment.
For uplink data, table 9.5.7.1-1 in [10] gives different results depending on the used TBS and resulting SINR. The improvement target for UL is 15 dB in the work item, and it is expected that around 150 repetitions would be needed to obtain cell edge data rate of about 1 kbps. 
2.1.1 HARQ protocol
The downlink and uplink data transmission could be handled through similar mechanism as the Rel-8 UL TTI bundling. The currently supported maximum number of HARQ repetitions is 28 and the TTI bundle size is 4. For enhanced coverage, the bundle sizes would need to be extended and consist of either repeating the same redundancy version of a transport block, or repeating the different RVs (Redundancy Version) in a circular fashion. The receiver then uses soft-combining to recover the sent transport block. Similar scheme could be used for both uplink and downlink using respective channels for data and feedback. This means introducing a TTI bundling-like scheme also for downlink.  For efficient operation, it might also be preferable to have synchronous HARQ in downlink to save capacity on downlink control channels. 
To cover different coverage scenarios, different repetition factors for different channels are needed for maximum flexibility. Taking downlink as an example, this would mean different repetition factors for the DCI on (E)PDCCH, TTI bundles on PDSCH and feedback on PUSCH. These factors could be configured by upper layers. 
The HARQ timing relations could be defined as fixed offsets, much like today. An example is presented in Figure 1, where the offset between DCI and data, and data and feedback is fixed to 3 empty subframes. An alternative would be to define a fixed grid, so that the transmissions could start at predefined time instants. 
Note that the number of HARQ processes depends on the repetition factor and the timing relations. 
For the feedback in uplink HARQ and extended bundle sizes, it needs to be decided if PHICH is needed or preferable for feedback, or whether PDCCH could be used solely instead.
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Figure 1. Example of downlink HARQ TTI bundling in coverage enhancement mode
In this example, the repetition factors for (E)PDCCH and PUCCH are 3 and for PDSCH the factor is 9. The timing relations in this example are fixed such that data transmission is started in subframe n+4 after the downlink assignment. Likewise the feedback transmission is started in subframe n+4 after the last transmitted data subframe.  The minimum supported number of HARQ processes would be 3 with these repetition factors and timings. 
Proposal 1 Data transmission repetitions should be handled through similar mechanism as HARQ TTI bundling.  
Proposal 2 Introduce coverage enhancement TTI bundling for downlink. 
Proposal 3 Introduce extended and configurable TTI bundle sizes for coverage enhancement repetitions.  

2.2 RLC protocol 
Increased latency affects the reordering functions of the RLC protocol in Unacknowledged and Acknowledged Modes [7] . Currently the longest supported value for t-Reordering timer is 200 ms [8]. One spare value exists.

For Acknowledged mode, the error-correction mechanism is potentially affected. The longest supported value for the t-PollRetransmit and t-StatusProhibit timers is 500 ms. There are 9 and 8 spare values, respectively, in the current RRC specification. Even though transmission times with enhanced coverage mode may not exceed the largest timer settings, the timers are typically set such that multiple RLC PDUs have been received before expiration, i.e. if one repeated transmission is expected to take 150 ms it does not make much sense to have T-Reordering equal to 200 ms and put only one PDU in the right order. Therefore it would be of interest to increase the RLC timers mentioned above, either through the use of spare values or extension of the ASN.1-coding.
Proposal 4 Extend the ranges of the timers t-Reordering, t-PollRetransmit and t-StatusProhibit to support the RLC operation for enhanced coverage.
Further, SRB1 and SRB2 may use a default RLC configuration with t-PollRetransmit and t-Reordering set to 45 ms and 35 ms, respectively. For UEs in coverage enhanced mode this would not be desirable and either new default values would have to be introduced for such UEs or they must always use a dedicated configuration. Since it must already be known in the RA procedure that the UE is in enhanced coverage mode it should be straightforward to select the appropriate default RLC timers for SRB1 and SRB2.
Observation 1 New default values for the timers t-Reordering, t-PollRetransmit and t-StatusProhibit RLC timers may need to be introduced for SRB1 and SRB2.
These timers should be used for coverage enhanced UEs only. It should always be apparent from the RA procedure that the UE is in enhanced coverage mode and then the extended RLC timers (and RRC timer in the section below) will be communicated in dedicated signalling, overriding any values stored from system information broadcast.
2.3 PDCP protocol

The PDCP uses a discard timer for SDUs. The value for this is configured by RRC in PDCP-Config information element. Supported values include infinity, which can be used if the expected latencies in enhanced coverage mode exceed 1500 ms, which is the largest supported countable value. 
For data mapped to RLC AM, PDCP provides reordering functionality when lower layers are re-established, i.e., in the case of a handover. The reordering window sizes are half of PDCP sequence number ranges, thus, either 2048 or 16384. The anticipated latencies should not affect the reordering functionality.
Observation 2 The PDCP procedure is not affected by the additional delay from enhanced coverage repetitions.

2.4 RRC connection setup/reconfiguration

Each timer associated with an RRC procedure, listed in section 7.3 [8], needs to be evaluated to find out whether it is required to update the maximal timer values or not. An initial analysis is provided below in Table 1.
Table 1: Impact of coverage enhancements on RRC procedure timers

	Timer
	Purpose
	Supported maximum value
	Impact due to coverage enhancements

	T300

	Declare connection establishment failure upon RRCConnectionRequest
	2000 ms
	Possibly extend

	T301
	Maximum time for RRCConnectionReestabilshmentRequest (after which UE goes to Idle).
	2000 ms
	Possibly extend

	T304
	Declare Handover failure
	2000 ms (E-UTRA)
	None if HO is not supported

	T310
	RLF timer
	2000 ms
	Possibly extend

	T311
	Declare Connection failure upon RRC connection re-establishment procedure
	30000 ms
	None

	T320
	Inter-RAT cell reselection related.
	180 min
	None

	T321
	Mobility measurement related.
	150-8000ms
	None

	T325
	Related to deprioritisation upon receiving RRCConnectionReject message.
	30 minutes
	None

	T330
	Related to UE log storage.
	120 minutes
	None

	T340
	Related to UEAssistanceInformation and powerPrefIndication
	600 s
	None


Timers T302, T303, T305 and T306 relate to the period during which UEs are access barred. No impacts due to coverage enhancements are expected and thus they are not included in Table 1.
Proposal 5 Consider extending the RRC timers related to RRC connection establishment (T300, T301) and mobility (T304, T310) for enhanced coverage.
2.5 Random access on PRACH 
It has been agreed in RAN1 that multiple levels of repetitions will be supported with the existing PRACH formats for enhanced PRACH coverage. The number of repetitions ranges from 10 to 200 depending on the coverage target
. The enhanced coverage UEs will either use CDM with the existing time/frequency resources, or use new dedicated resources reserved for the enhanced coverage operation [5].
In terms of latency, there could therefore be 10 ms to 600 ms of additional delay when PRACH preambles are repeated.

In the contention based random access procedure, the current maximum response window size for the random access response is 10 subframes and the maximum value for contention resolution timer after the UE has sent Msg3 is 64 subframes. With regards to the latency values derived above, the size of these windows would need to be increased if multiple repetitions of the RAR message or Msg3 are needed.
Proposal 6 Specify mechanisms to support extended coverage for random access response window and contention resolution timer.

2.6 Radio link monitoring
Radio link monitoring related procedures are specified in [7], [8] and [9]. In short, timer T310 is started after N310 consecutive out-of-sync indications from the physical layer. T310 is stopped if in-sync is indicated consecutively N311 times. The maximum value for T310 is 2000 ms and a radio link failure (RLF) is declared upon T310 expiration (the default value for T310 is 1000 ms)
Increased latency from repetitions may lead to a situation where, after T310 has started, the UE becomes in sync and unnecessary RLF will be declared if not enough in-sync indications are collected before T310 expires. This means that timer T310 (and also N310 and N311) may need to be looked at to ensure proper RLF performance.
Proposal 7 Study radio link monitoring, i.e. T310, and N310 and N311, to support enhanced coverage.

In addition, it is not clear how the radio link quality will be measured for enhanced coverage. For example, it is not clear how many copies of reference symbols are needed before comparing the signal quality against thresholds. The thresholds and measurements may require changes in RRC and [9]. RAN4 involvement is most likely required for studying measurements and measurement performance. 
2.7 Paging

It is expected that paging messages need to be repeated to reach UEs in enhanced coverage mode. This will lead to increased latency to reach such UEs. The repetitions and latency have potential effect on the core network, e.g., the number of pages should be minimized to avoid unnecessary use of paging resources. 
When paging needs to be repeated to reach those UEs it is not possible to use the existing paging capacity, and paging frame and occasion calculation. Further, it is viable to only require the coverage enhanced UEs to read the repeated paging messages. Therefore, solutions are needed starting from efficient paging message formats to design a new paging mechanism for enhanced coverage.

Proposal 8 Study the paging mechanism to support enhanced coverage.
3 Conclusion

The introduction of coverage enhancements for MTC in L1 is mainly carried out by means of repetition. This will have a large impact on many RAN2 procedures and some of those are analysed in this contribution. Overall there will be a large impact on the radio access network and most procedures/functions will be affected. We have the following observations and the proposals listed below:
Observation 1
New default values for the timers t-Reordering, t-PollRetransmit and t-StatusProhibit RLC timers may need to be introduced for SRB1 and SRB2.
Observation 2
The PDCP procedure is not affected by the additional delay from enhanced coverage repetitions.

Proposal 1
Data transmission repetitions should be handled through similar mechanism as HARQ TTI bundling.
Proposal 2
Introduce coverage enhancement TTI bundling for downlink.
Proposal 3
Introduce extended and configurable TTI bundle sizes for coverage enhancement repetitions.
Proposal 4
Extend the ranges of the timers t-Reordering, t-PollRetransmit and t-StatusProhibit to support the RLC operation for enhanced coverage.
Proposal 5
Consider extending the RRC timers related to RRC connection establishment (T300, T301) and mobility (T304, T310) for enhanced coverage.
Proposal 6
Specify mechanisms to support extended coverage for random access response window and contention resolution timer.
Proposal 7
Study radio link monitoring, i.e. T310, and N310 and N311, to support enhanced coverage.
Proposal 8
Study the paging mechanism to support enhanced coverage.


4 References

[1] RP-130848, “New WI: Low cost & enhanced coverage MTC UE for LTE”

[2] R1-135648, “Data transmission for enhanced coverage MTC UE”, Ericsson.
[3] R1-135645, “Random access for enhanced coverage MTC UE”, Ericsson.

[4] R1-135644, “System Information for enhanced coverage MTC UE”, Ericsson.

[5] “Draft Report of 3GPP TSG RAN WG1 #75 v0.1.0”, 3GPP

[6] “Final Report of 3GPP TSG RAN WG1 #74bis v1.0.0” , 3GPP

[7] TS 36.322, “Radio Link Control (RLC) protocol specification”, 3GPP

[8] TS 36.331, “Radio Resource Control (RRC) protocol specification”, 3GPP

[9] TS 36.133, “Requirements for support of radio resource management”, 3GPP

[10] TR 36.888, “Study on provision of low-cost Machine-Type Communications (MTC) User Equipments (UEs) based on LTE”.
� 15 dB in the WI.






2/6


