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1
Introduction

The updated SID on low cost MTC extended the study to include the 20dB coverage improvement was approved in RAN#57 [1]. Based on the MCL results in TR 36.888 for normal LTE UEs, all physical channels need to be enhanced to meet this new requirement. The coverage gap for each channel can be seen in the following Table I.

Table I. Required improvement to fill the coverage gap for each physical channel
	Physical channel name
	PUCCH

(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	(9) MCL 

         = (1) ( (8) (dB)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	Required improvement (dB)
	13.5
	19
	20
	15.3
	11.7
	11.4
	14.6


As described in [1], MTC UEs needing coverage enhancement are assumed to have very low rate traffic with relaxed latency, and the requirement on latency from trigger to response were agreed in [2], which shows “latency from trigger to response 5 seconds in the exception report scenario and 10 seconds in the triggered report scenario is allowed”.

It is obvious that the required time latency from trigger to response depends on what physical channels are kept for such coverage limited UEs. According to the approved text proposal in [3], a section 9.3 will be added to TR 36.888 discussing the required system functionality and a section 9.5 will be added to show analysis of physical channels and signals.  In this contribution, we analyse the need for enhancement for each physical channel and the potential solutions.
2
Necessity and Solutions for physical Channel Enhancement
In [3], the following techniques were mentioned as ways for coverage enhancement:

· Repetition/retransmission/spreading/low rate coding
· Includes TTI bundling, RLC segmentation

· Power boosting
· Includes power spectral density boosting

· Relaxed requirements (e.g., acquisition time, longer averaging time)
· Design of new channels 

In this section, we give analysis on the need for coverage enhancement techniques for each physical channel, the potential problem and solutions. 

2.1 PSS/SSS
In [2], three scenarios/use cases are listed as reference for smart metering application. Regardless of the scenario, the 1st step for a device to connect to a network is still cell search requiring PSS/SSS. 

As already showed in [4], improved coverage can be achieved by using a longer acquisition time where multiple instances of PSS/SSS are combined to successfully detect the cell at low SNRs. However, the combing PSS/SSS instances only helps assuming the coherence time is long enough. An assumption on the coherence time is therefore needed. 
Inserting additional symbols for synchronization and/or power boosting the synchronization signals were mentioned as   coverage enhancement methods in [5]. The necessity of these methods depends on the mobility assumption mentioned above, and the impact to legacy UEs would need study, e.g., interference to legacy UEs by applying power boosting as well as the need to avoid legacy UEs synchronizing to these additional symbols.
Observation#1: Mobility assumptions for MTC UEs with coverage limitation need to be clarified.
2.2. PBCH
PBCH is an important channel for the UE to access the network. The UE will read the PBCH after it acquires time and frequency synchronization and gets the PHICH configuration, system frame number (SFN) and DL bandwidth from the MIB and additionally also get the number of antenna ports for CRS through blind decoding of the PBCH. 

To enhance PBCH for MTC devices, there could be several angles to consider. First we should consider whether PBCH is still needed for low cost MTC devices, and if so how to improve the transmission quality if PBCH is still needed. 
For the need of PBCH, of the information mentioned above, the DL bandwidth is not needed if these devices only support one bandwidth, e.g. 5MHz since the UE could always assume a pre-defined bandwidth rather than read this from the MIB. The SFN may still be needed because it is related to a lot of other functions like paging, DRX setting, semi-persistent scheduling, etc. Hence, removing the SFN for coverage enhanced MTC UEs will need quite heavy justification and evaluation. For the PHICH configuration it was discussed in [5] that reducing the number of UL and DL physical channels needing improvement could be a specification friendly way to introduce the coverage enhancements.  By replacing PHICH with UL grant or not allowing HARQ retransmission for such coverage limited UEs, removing PHICH could be considered. The CRS antenna port information is also needed if CRS is used for channel estimation and frequency/time tracking. Based on this analysis, we observe that PBCH is still needed for low cost MTC devices, but the content could be reduced.
For improving the transmission quality, repetition is the most straight forward way to go. One option is repeating the MTC specific PBCH every 10ms, and an alternative is repeating the MTC specific PBCH within the current PBCH periodicity, i.e. 40ms. Currently, the eight most significant bits of SFN are indicated in the MIB content, while the last two bits are derived during the decoding of the PBCH. 10 ms repetition will requires longer updating period of SFN, while option#2 can keep current 40ms updating period. To avoid impact to legacy UEs, both options will require separate resources from the legacy PBCH resources.
Based on the above analysis, we made the following observations. 

Observation #2: PBCH is still needed for low cost MTC device needing coverage enhancement, but DL bandwidth and PHICH configuration can potentially be excluded.
Observation #3: How to derive the SFN should be taken into account when repeating the PBCH.
2.3. PCFICH and (e)PDCCH
As described in the previous section, enhancements to PHICH are not considered needed. In this section, we discuss for other DL control channels. 

PCFICH is used to dynamically indicate the number of OFDM symbols occupied by PDCCH in each subframe. PDCCH is distributed over the whole DL BW and it may not be detectable by low cost MTC UEs if DL BW reduction is adopted for cost reduction purposes. Moreover, with ePDCCH introduced in Rel’11 and common search space in ePDCCH planned to be studied in Rel’12, the PDCCH is not considered that necessary any more. This makes PCFICH detection not a must for low cost MTC UEs with coverage limitation. Considering this, and keeping in mind that we should minimize the impact to specification, we think the enhancement of PCFICH and PDCCH is not needed in a mixed network where MTC and normal UEs both exists.

According to Table 1, the coverage of PDCCH channel (assuming DCI format 1A) needs to be improved by around 14.6dB. Similar performance gap can be assumed for ePDCCH. As discussed in some previous contributions [6,7,8], repetitions may be used to achieve this target.  From high level, repetition is similar to TTI bundling in legacy UL transmissions for coverage improvement. However, there are still some difference between data and control channels. More specifically for control channel repetition at least the following parameters need to be known by UE for successful detection:
· Position of the 1st transmission; 

· Number of repetitions/bundling length;

Although indication of these parameters for data channels is straightforward, further discussions are needed on how to do it for a control channel. For example, it is difficult for a UE to know exactly when the 1st transmission of the DL control channel occurs. Furthermore, using a fixed bundling length may not be efficient if the length is only targeting the worst case scenario. If variable length is allowed, further consideration is needed on how to inform the UE. While it is in theory possible for a UE to detect these parameters via blind detection, the overall complexity is much higher compared to blind detections in legacy PDCCH procedures due to the repetitions.  Then solutions to reduce blind detection should be considered, e.g., putting restrictions on the allowed starting positions and repetition lengths. 
Another way to enhance ePDCCH is to use a higher aggregation level which spreading the DCI into multiple subframes.  The increased aggregation of CCEs (to more than 32) may include aggregation either in the frequency domain (FD) in one subframe, and/or in the time domain (TD) in consecutive subframes. TD aggregation may require some buffering at the decoder, but this should not be a problem for MTC UEs with very low data rates and large latency tolerance.  By introducing restrictions on the allowed subframes use for increasing the AL, the AL can be effectively increased without increasing the blind decoding complexity.
Additionally, there are some concerns from efficiency point of view for ePDCCH coverage enhancement. 

· The relative control overhead with ePDCCH is quite high, considering the typical TB sizes in MTC. For example, for use case A [2], Command-response traffic, the size of the downlink command message is only around 20bytes, and further discussions is needed on whether it is efficient to have downlink grant with repetition or extended AL for every such small packet. 

· The 14.6dB coverage enhancement, if based on pure repetition, will increase the time delay of ePDCCH transmissions to around 29 subframes in theory and more than that in practice, increasing in the end the overall latency of the traffic. 

· It is unclear if all the DCI content is needed. For example, for coverage limited UE the MCS field may not need to change dynamically and the resource allocation field can be reduced as well, given the slowly varying channel and the applicable MCS. Moreover, since all coverage limited MTC UEs are likely to transmit with maximum power, dynamic power control is not seen as crucial.
Based on the above discussions, we have the following observations:

Observation#4: Enhancements to PCFICH and PDCCH channels are not needed.
Observation#5: Repetition or/and larger aggregation levels across multiple subframes can be considered as methods for ePDCCH enhancement, and to further reduce traffic latency and reduce number of channels to be enhanced, the possibility of removing DL or UL grant based on (e)PDCCH can also be considered.
2.4. PDSCH

Based on the MCL table for category 1 UEs in TR 36.888, PDSCH needs 15.3dB coverage enhancement to achieve the additional 20dB coverage improvement. Meanwhile, the latency of 20 byte downlink transmission is allowed to be up to 5 seconds.
Considering the significant coverage gap, lowering the effective code rate through repetition or retransmission are the most straightforward schemes for coverage improvement of data channels, though power boosting, beamforming, inter-cell coordination and interference cancellation can additionally be applied. HARQ retransmissions allow using a dynamic amount of resource in order to achieve a balance between reliability and efficiency. In LTE Release 8, TTI bundling was introduced to improve uplink coverage at cell edge or poor radio conditions for VoIP, where different RVs of the same set of coded bits are transmitted in four consecutive TTIs. Compared to HARQ retransmissions, bundling requires HARQ ACK/NACK feedback within the TTI bundling duration, and thus control overhead and latency are reduced. In the low-cost MTC scenario, TTI bundling with even longer bundling duration, e.g. 1000 TTI bundling, can be utilized for downlink transmissions in order to achieve operation at a significantly low SNR. Additionally, as ACK/NACK signalling consumes large uplink control resources and leads to long delay under poor channel conditions, HARQ is not desired,
In the spirit of enhancing as few physical channels as possible for low-cost MTC, PDSCH could also be used for downlink control transmission of downlink assignments and uplink grants, not requiring MTC UEs to monitor PDCCH/EPDCCH. The detailed procedure for this needs further study, e.g. information like resource assignment and MCS could be fixed or higher layer configured.
Observation#6: For MTC UEs requiring coverage enhancement, HARQ may not be efficient, as HARQ ACK/NACK consumes large uplink control resources and leads to long delay under poor channel conditions.

2.5 PRACH
As shown in the table 1, the PRACH channel needs a 19dB improvement to satisfy the requirement. Since the UE transmit power is limited by regulation and there is limited room power boosting, preamble sequence repetition seems necessary. Theoretically, 80 repetitions are needed worst case for a 19 dB improvement. 
Not all MTC UEs requires this worst case number of repetition, and variable repetition should be included in the PRACH design to avoid wasting resources in the system. 
The current RACH procedure has fixed timing relationship that may not be applicable when a high number of repetitions are used in both DL and UL. Therefore, some straightforward approach to adjust the fixed timing to accommodate repetition should be considered. 
Based on above discussion, we have the observation that:

Observation#7: Repetition of the preamble can be considered for PRACH enhancement, and a straightforward timing adjustment for RACH procedure is preferred.
2.6 PUSCH
Similar to PDSCH, PUSCH also needs to be enhanced with a large number of repetitions and/or retransmissions with even more challenging improvement requirements, i.e. 20dB enhancement with an allowed 5 second latency for 100 byte data package. Frequency hopping is an important technique used in LTE uplink transmission. Using hopping enables the UE to exploit the frequency diversity of the wideband channel used in LTE while keeping the required contiguous allocation. The LTE standard allows two modes for frequency hopping, enabled by higher layer signalling, from one to the other time slot (intra-subframe) or from one to the other subframe (inter-subframe). For the low-cost MTC coverage study, frequency hopping should be used as a starting point.

Under the targeted extremely low SNR scenario, the performance of channel estimation is expected to be poor, unless the channel is estimated jointly over multiple consecutive subframes’ assuming the same demodulation reference signal sequence assuming the channel is very slowly time-variant. However, inter-subframe frequency hopping makes this combination impossible due to the frequency resource in different subframes not being the same. This means that the channel estimation gains and frequency diversity gains cannot be achieved at the same time. To solve this problem, one approach is extending the current frequency hopping time-domain granularity from one time-slot or one subframe to multiple subframes. Then cross-subframe channel estimation can be applied within the subframes where the same frequency resource is used.
Observation#8: For MTC UEs requiring coverage enhancement, both cross-subframe channel estimation and frequency diversity needs to be possible.
2.7 PUCCH 
Signalling CQI/PMI/RI to indicate the downlink instantaneous channel variation does not appear to be important since repetition will be applied requiring a quite long time for each transmission. However, it is likely we will need some long term average channel information of relatively static channel, but this can be done with aperiodic triggered CQI/PMI/RI carried by PUSCH instead.
As analysed in section 2.4 for PDSCH, HARQ ACK/NACK with many retransmissions will consume large uplink control resources and lead to long delay in poor channel conditions. Then it is more efficient for the eNB to wait for the UL data response directly instead of waiting for the A/N repetition, or one could simply rely on RLC retransmissions if the delay is tolerable. 
Based on above discussion, we recommend studying the necessity of the PUCCH before considering specific enhancements for them.
Observation#9: Need for PUCCH needs further study before considering specific enhancements.
3
Conclusions
In this contribution, we discussed the necessity and solutions for each physical channel enhancement and the observations are listed as following and also summarized in Table II.
Observation#1: Mobility assumptions for MTC UEs with coverage limitation need to be clarified.
Observation #2: PBCH is still needed for low cost MTC device which need coverage enhancement, but DL bandwidth and PHICH configuration can potentially be excluded.
Observation #3: Deriving of SFN should be taken into account when repeating the PBCH.
Observation#4: Enhancements to PCFICH and PDCCH are not needed.
Observation#5: Repetition or/and large Aggregation level across multiple subframes can be considered as methods for ePDCCH enhancement, and to further reduce traffic latency and reduce number of channels to be enhanced, the possibility of removing DL or UL grant based on (e)PDCCH can also be considered.
Observation#6: For MTC UEs requiring coverage enhancement, HARQ may not be efficient, as HARQ ACK/NACK consumes large uplink control resource and leads to long delay under poor channel conditions.
Observation#7: Repetition of the preamble can be considered for PRACH enhancement, and a straightforward timing adjustment for RACH procedure is preferred.
Observation#8: For MTC UEs requiring coverage enhancement, both cross-subframe channel estimation and frequency diversity need to be possible.
Observation#9: Need for PUCCH needs further study before considering specific enhancements.
Table II. Summary of Necessity and Solution for PHY enhancement
	PHY Channels
	SCH
	PBCH
	PCFICH
	PDCCH
	ePDCCH
	PHICH
	PDSCH
	PRACH
	PUSCH
	PUCCH

	Need for the channel
	√
	√
	×
	×
	FFS
	×
	√
	√
	√
	FFS

	Enhancement Solutions* 
	Combination, relax requirement, New design (FFS the need)
	Repetition (content FFS)
	
	
	Repetition or higher AL across subframes
	
	Repetition
	


* The method mentioned here can work in combination with power boost.
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