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1. Introduction

Several agreements and observations on each physical channels and signals were made in RAN1 #72 meeting [1]. 
Agreements:
· Channels that may not be required and require no significant analysis or evaluation in the SI include
· PHICH
· PCFICH
Agreements:
· Other channels will require further evaluation and/or analysis in the SI
· SCH
· PBCH (or equivalent for system information)
· PRACH
· (E)PDCCH/PUCCH (may or may not be required)
· PDSCH/PUSCH
Agreements:
· Following table will be captured in updated TR – Prakash (Vodafone)
Table X: Possible link-level solutions for coverage enhancement for physical channels and signals
	Channels/Signals
Solutions 
	PSS/SSS
	PBCH
	PRACH
	(E)PDCCH
	PDSCH/
PUSCH
	PUCCH
	Reference Signals

	PSD boosting
	x
	x
	x
	x
	x
	x
	x

	Relaxed requirement
	x
	
	x
	
	
	
	

	Design new channels/signals
	x
	x
	x
	x
	x
	
	x

	Repetitions/TTI bundling
	
	x
	x
	x
	x
	x
	

	Low rate coding
	
	x
	
	x
	x
	x
	

	Retransmission
	
	
	
	x
	x
	
	

	Spreading
	
	x
	
	x
	x
	x
	

	RLC segmentation
	
	
	
	
	x
	
	


Note: These link-level techniques will be described in Section 9.4
In this contribution, we provide some text proposal for section 9.5, which is supposed to expand the high-level description in section 9.4 (approved in R1-130824) with a per-channel quantitative analysis (refer to the highlighted text in section 9.4). 
9.4 Concepts for coverage improvement
This section provides the concepts on coverage improvement techniques focused in this study, and also lists some additional techniques. Analysis and evaluation of the techniques and whether they meet the requirements can be found in section 9.5. The list of examples provided in this section should not be considered as an exhaustive one.
9.4.1 TTI bundling/ HARQ retransmission/ Repetition/ Code spreading/ RLC segmentation/ Low rate coding/ Low modulation order
More energy can be accumulated to improve coverage by prolonging transmission time. The existing TTI bundling and HARQ retransmission in data channel can be helpful. Note that since the current maximum number of UL HARQ retransmission is 28 and TTI bundling is up to 4 consecutive subframes, TTI bundling with larger TTI bundle size (such as extensively investigated in TR36.824) may be considered and the maximum number of HARQ retransmissions may be extended to achieve better performance. Other than TTI bundling and HARQ retransmission, repetition can be applied by repeating the same or different RV multiple times. In addition, code spreading in the time domain can also be considered to improve coverage. MTC traffic packets could be RLC segmented into smaller packets; very low rate coding, lower modulation order (BPSK) and shorter length CRC may also be used. 
9.4.2 Power boosting / PSD boosting
More power can be used by the eNB on the DL transmission to a MTC UE (i.e., power boosting), or a given level of power can be concentrated into a reduced bandwidth at the eNB or the UE (i.e., PSD boosting). The application of power boosting or PSD boosting will depend on the channel or signal under consideration.  
9.4.3 Relaxed requirement
The performance requirements for some channels can be relaxed considering the characteristics (e.g., greater delay tolerance) of MTC UEs at extreme scenarios. For the synchronization signal, MTC UEs can accumulate energy by combining PSS or SSS multiple times, but this will prolong acquisition time. For PRACH, a loosened PRACH detection threshold rate and a higher false alarm rate at eNB could be considered.
9.4.4 Design new channels or signals
New design of channels or signals for better coverage is possible if implementation based schemes cannot meet coverage improvement requirement.  These channels and signals, together with other possible link-level solution for coverage enhancement, are summarized in Table 9.5-1 
9.4.5 Additional techniques
Existing solutions that are deployed for coverage improvement for “normal LTE UE” such as low power nodes (Relays, repeaters etc), directional antennas, and external antennas can improve coverage for MTC UE and normal UE alike. Further enhancements to such solutions to improve MTC UE coverage exploiting the specific MTC UE application characteristics are not excluded.
The proposed text is based on contributions [2]-[17] that discuss each physical channel and signals.  More results and analysis are expected to be submitted to RAN1#72bis, along with this contribution. Therefore, the TP herein serves as an input to be further merged with other companies’ input and to incorporate more data points from others.
2. Proposed TP for Section 9.5
Based on observations made in RAN 1 #72 meeting and simulation results, we propose the following text proposal for section 9.5.
-------------------------------------------------------Start of TP (Sec 9.5)--------------------------------------------
9.5 Analysis of Physical Channels and Signals
This section provides the analysis and evolution of considered techniques and whether they meet the requirements. Table 9.5.1 captured various link-level techniques for physical channels and signals. A high level description of these techniques and concepts are described in section 9.4. A detailed description of them can be found in this section, along with quantitative analysis. 
Table 9.5.1: Possible link-level solutions for coverage enhancement for physical channels and signals

	Channels/Signals

Solutions
	PSS/SSS
	PBCH
	PRACH
	(E)PDCCH
	PDSCH/

PUSCH
	PUCCH
	Reference Signals

	PSD boosting
	x
	x
	x
	x
	x
	x
	x

	Relaxed requirement
	x
	
	x
	
	
	
	

	Design new channels/signals
	x
	x
	x
	x
	x
	
	x

	Repetitions/TTI bundling
	
	x
	x
	x
	x
	x
	

	Low rate coding
	
	x
	
	x
	x
	x
	

	Retransmission
	
	
	
	x
	x
	
	

	Spreading
	
	x
	
	x
	x
	x
	

	[RLC segmentation]
	
	
	
	
	[x]
	
	


9.5.1 PSS/SSS

PSS/SSS is used for timing and frequency acquisition and physical-layer cell identity acquirement. Both timing & frequency acquisition and cell-ID acquisition are required at power-on for initial network entry. There is no requirement on acquisition time for initial network entry. For normal UEs in mobility, inter-frequency RSRP/RSRQ measurement is required. Before RSRP/RSRQ can be measured, normal UEs must acquire timing/frequency synchronization from PSS/SSS. The RAN4 requirement for PSS/SSS detection is that the 90-percentile cell detection time is less than 600 msec (excluding the time for RSRP measurement). However, MTC devices in extreme coverage scenarios often have no mobility and thus the above requirement on PSS/SSS detection can be relaxed or may even not applicable. This “technique” here is referred to as “relaxed requirement”. 
In section 9.4, it was mentioned that “For the synchronization signal, MTC UEs can accumulate energy by combining PSS or SSS multiple times, but this will prolong acquisition time”.  Non-coherent combing can be assumed during PSS detection because UE is unaware of the initial frequency offset which can be very large (e.g., 20KHz or 10ppm @2GHz in the agreed simulation assumption). For SSS detection, even if the coarse frequency was correctly acquired from PSS, the residual error is in general too large to do coherent combining over SSS instances that are 5ms apart from each other.   
At the maximum coupling loss (MCL) of 160.7 dB, the corresponding “required SINR” for synchronization channel is equal to -19.3 dB according to Table 5.2.1.2-2. Simulation results of “cell detection” time are captured in Table 9.5.1.1, where cell detection is defined by a certain success probability at a certain false alarm probability. For example, a cell is “detected” if the start position of a radio frame, the physical-layer cell-identity group
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 is wrong.
Based on the results, we can conclude that under the environments of the agreed simulation assumptions, based on legacy PSS/SSS, a 20dB improvement in coverage compared to that of normal LTE UEs can be achieved with a longer detection delay than the current RAN4 requirements which are defined for mobility measurement. But MTC devices in extreme coverage scenarios often have no mobility and thus the above requirement on PSS/SSS detection can be relaxed or is perhaps even not applicable. No RAN1 specification change is needed. 
Two other potential techniques are listed in table 9.5.1, namely new signal design and PSD boosting. Based on the results, new signal design is unnecessary. Allocating more power to PSS/SSS transmissions in these two symbols can help to reduce the acquisition time. But it is an eNB implementation issue that does not require specification change, as long as eNB RF requirements are still met. The resulting power reduction on those REs out of the center 6PRB may have impact on PDSCH decoding if the rest of the REs in PDSCH have a different power.    
Table 9.5.1.1: Cell detection time 
	
	Source 1

[R1-130018]
	Source 2
[R1-130053]
	Source 3
[R1-130219]

Note 1
	Source 4
[R1-130489]
	Source 5
[R1-130705] 

Note 2

	Cell detection time
	160 msec
	160 msec for FDD
	625 msec for PSS
700 msec for SSS
	200msec
	700 msec  for PSS


Note 1: the cell detection probability is equal to 93.8% given the false alarm rate of 0.1%, and the detection probability is above 95% with the false alarm rate 1%.
Note 2: 10% miss probability. 
If MTC UEs stay in a long idle mode for power saving, they may need to reacquire the synchronization upon wake-up based on known cell ID. PSS/SSS processing become simply timing and carrier frequency acquisition problem. Time/frequency re-acquisition time affects only the power consumption since MTC UEs can always wake up early before any scheduled paging reception at the price of more power consumption. Since there is no concern of making timely measurement as in the case of inter-frequency measurement during handover for normal UEs, it seems that re-acquisition time only has a battery impact. It is more of an implementation issue with no system function impact or performance requirement. With known cell-ID, the PSS/SSS detection time is expected to be shorter than with unknown cell-ID. Note that after timing/frequency acquisition, MTC UEs may still need a time to fine tune the frequency tracking until the LO stabilize before any data reception. 
9.5.2 PBCH

Once a UE synchronizes to a cell, the UE needs to acquire at least MIB (sent in PBCH), SIB1, and SIB2 before allowed to perform network entry. At the target maximum coupling loss (MCL) of 160.7 dB and the corresponding “required SINR” ofo -19.3 dB, there is a gap of 11.7dB for the current PBCH.  
PSD boosting, new channel, repetition, low rate coding, and spreading are possible solutions to improve PBCH coverage. Power boosting/PSD boosting, by allocating more PBCH reduces power on other REs out of the center 6PRBs on the 4 OFDM symbols carrying PBCH, will improve the coverage of PBCH as long as it is allowed after considering other impacts such as eNB RF requirement on power variation across subcarriers and neighboring cell interference. Power boosting to bridge a large gap of 11.7dB means to increase the Tx power density by nearly 15 times (note that concentrating all Tx power for a 20MHz (100PRB) system to 6PRB can boost power by 16.7 times). 
Currently, PBCH is sent 4 times every 40ms on the 72 centre subcarriers and the information in MIB changes every 4 radio frames due to SFN change. In other words, PBCH payload changes every 40ms, which means maximal repetition times is 40 subframes under the current MIB content. Simulation results show that, assuming no power boosting, 260 (380) repetitions of the current PBCH is required to achieve the coverage requirement assuming 20Hz (100Hz) residual frequency offset [Note: company results are to be compiled and used here, along with assumptions. For example, the number above assumes a block /burst of 4 consecutive subframes is transmitted at original PBCH subframes). Based on the results, it is not possible to support existing MIB during 40 msec by repetition. Considering TDD system has even fewer downlink resources within 40 msec, it is even harder to keep the existing MIB even combined with other techniques, such as PSD boosting. 
A new broadcast channel with coverage enhancement needs to be introduced. Increasing the payload will improve the spectral efficiency due to a smaller proportion for CRC. Simulation showed that 24 bits payload requires 260(380) repetitions with 20(100)Hz residual frequency offset, but 100 bits payload requires 580(720) repetitions (i.e., 1.9~2.2 times of resources delivering 4.2 times more bits). Therefore, a larger payload of system broadcast seems to be advantageous. 
One possibility to be considered for a new broadcast channel is to combine all essential system information dedicated to MTC devices, given that a UE needs to acquire MIB, SIB1, and SIB2 before attempting network entry. The content of system information can be further reviewed to minimize the total payload.  Specification impact is expected with a new broadcast channel.
9.5.3
PRACH

To target the maximum coupling loss (MCL) of 160.7 dB, there is a gap of 19dB (FDD) for the current PRACH.  With relaxed requirements, such as lowering the detection threshold at eNB which also means higher false detection probability at eNB, PRACH coverage may be improved. However, eNB may waste of resources in responding to PRACH false alarm.  

Designing a new PRACH or a new format with longer repetition compared to existing PRACH can improve the coverage. Simulation results show that around 100 repetitions of PRACH Format 2 can achieve the coverage requirement with 1% detection probability target [5]. In addition to the number of repetitions, the starting subframe should be predefined or configured by higher layer signalling. Dedicated PRACH resources that are different from the legacy PRACH resources may need to be configured in order to facilitate the eNB to identify MTC UEs and the different level of coverage enhancement needed per UE prediction.
A new PRACH with longer sequence compared to existing PRACH can provide similar coverage improvement compared with repetition. This new PRACH with longer sequence needs to consider some UL-DL configurations in TDD systems where it can be hard to find consecutive uplink subframes. Dedicated resources might also be needed for the new PRACH.
PSD boosting/smaller bandwidth occupation compared to existing PRACH also helps to improve the coverage. In LTE system, each random access preamble occupies a bandwidth of 6 consecutive resource blocks. If concentrating all power on one resource block, 7.8dB gain can be obtained, which still cannot bridge the entire coverage gap of PRACH. On the other hand, smaller bandwidth means smaller subcarrier spacing or/and shorter sequence.  This may result in more repetitions to achieve the coverage requirement or may introduce additional hardware cost to MTC UEs.
9.5.4. PDCCH/EPDCCH

PDCCH (format 1a) needs to be enhanced by about 15dB, similarly for EPDCCH with similar number of REs. Simulation results show 140/200 repetitions for 27 bits payload at the aggregation level of 8CCEs can achieve the coverage requirement, assuming 20Hz/100Hz residual frequency offset respectively. Similar result is expected on EPDCCH. It is impossible to achieve the coverage enhancement target for downlink control channel by increasing aggregation level within one subframe. Coverage-enhanced PDCCH/EPDCCH can be introduced with retransmission across multiple subframes.  Across-subframe transmission, including repetition, TTI bundling, spreading, low rate coding and HARQ retransmission, share the same idea that allows UE to accumulate more energy to improve coverage.
Retransmission the same symbols in different subframes is a simple solution which has no impact to normal LTE UEs. Different MTC UEs may need different number of retransmissions. In order to improve spectrum efficiency, further optimization may be useful such as sending ACK signal to eNB to “terminate” unnecessary repetition or extending search space to include a variable set of time-domain retransmissions that require UE to blindly check. Due to blind detection of PDCCH/EPDCCH, across-subframe retransmission will require some specification change. The starting subframe and the number of repetitions need to be defined for coverage enhanced PDCCH/EPDCCH. In addition, the timing relationship between PDCCH/EPDCCH and scheduled PDSCH also need to be defined.

Across-subframes transmission of PDCCH/EDPCCH can also be deemed as “design new channels/signals”. Another potential solution belongs to the “design new channels/signals” category is to reduce DCI payload size (compact DCI). However, compact DCI formats can provide limited gain compared to the coverage target, e.g., gain from DCI format size 29 bits to 9 bits or 27 bits to 10 bits is about 1.1-2.5dB[9]

 REF _Ref352853101 \r \h 
[17].  

Power boosting/PDS boosting may have no spec impact for EPDCCH with DMRS. But from a system impact perspective, a large variation of transmit power across subcarriers will cause difficulty in maintaining the EVM requirement. Moreover, the interference caused by the boosted PRBs can significantly impact the neighbor cell. 

Due to the high resource overhead and long latency of retransmission in very low SNRs, the benefit of a control channel for PDSCH, which provides maximal flexibility for eNB to allocate resources flexibly to match the dynamic link quality, may diminish under the conditions encountered in MTC case and considering the small packet payload that results in a larger proportional overhead of DCI and CRC. For MTC in extreme coverage scenario, introducing blind detection on coverage-enhanced PDSCH to reduce/remove control overhead needs to be further studied. 
9.5.5 PDSCH / PUSCH

Repetition/TTI bundling/HARQ retransmission/spreading/lower coding rate are some commonly used approaches to improve PDSCH/PUSCH coverage. For PDSCH with TBS=156 bits with 6 PRBs, 275/330 repetitions are needed to achieve the coverage requirement with 20Hz/100Hz residual frequency offset. The achievable spectral efficiency is 5.12×10-4 bit/s/Hz and 4.26×10-4 bit/s/Hz for 20Hz and 100Hz residual frequency offset respectively. Repetition can also improve the coverage of PUSCH too. 
In addition, larger TBS will improve the spectral efficiency and also the data rate. In the example of PUSCH, by increasing TBS from 32bits to 104 bits, the data rate is improved from 51.6bps~84.2bps to 89.6bps~131.7bps. Since larger TBS actually increases PUSCH data rate and spectral efficiency even more repetitions are required, further evaluation is needed to show understand whether the performance gain of RLC segmentation is as an effective potential solution for PDSCH/PUSCH coverage enhancement.
Techniques different from simple repetition, including TTI bundling, spreading, incremental low rate coding, spreading, HARQ retransmission and so on, can provide similar gain with repetition. Similar spectral efficiency may be obtained if the channel can be estimated well. In addition, HARQ retransmission needs “hand-shaking” between eNB and UE, which relies on reliable ACK/NACK transmission. In extreme coverage scenario, to transmit ACK/NACK signaling might also require repetition or other enhancement technique. Therefore, the time for a “hand-shaking” might demand a long time and overhead of transmission ACK/NACK signaling needs to be considered. 

For PDSCH, power boosting (of both reference signal and data) can improve downlink coverage and may have no spec impact when DMRS-based transmission mode is used. But from a system impact perspective, a large variation of transmit power across subcarriers will cause difficulty in maintaining the EVM requirement. In addition, the maximal power boosting gain of concentrating all Tx power for a 20MHz (100PRB) system to 6PRB can only increase the density by 16 times with bring in around 12dB gain which is short of the 20dB coverage gap. Moreover, the interference caused by the boosted PRBs can significantly impact the neighbor cell. 
For PUSCH, PSD boosting can improve the coverage. Simulation results show for TBS = 32 bits, concentrating power onto 1 PRB rather than 2 PRB can save about 20%~30% resources. Although using even smaller bandwidth than 1 PRB might help to further improve MCL, the impact on the specification should be considered, such as resource allocation, reference signal for channel estimation, and also the potential impact to LTE UE. 

9.5.6 PUCCH

Time domain repetition is a direct way to improve the coverage of uplink control channel. LTE already support HARQ-ACK repetition procedure with a repetition factor maximum to 6 provided by higher layer. Larger repetition factor can improve coverage of PUCCH. Similar procedure can be introduced for CSI report or SR. However, CSI report might not be needed because MTC UEs have no mobility especially in extremely coverage environment. Moreover, SR may be replaced by RACH. 
9.5.7 Reference Signals 
In extreme coverage scenario (e.g., SNR is around -20dB), channel estimation accuracy will have significant impact on the decoding performance. There are several ways to improve channel estimation in low SNR range, such as channel estimation over multiple subframes; reference signal power boosting; and increasing reference signal density within PRB. Channel estimation over multiple subframes is to allow UE to average over multiple subframes when the channel is relatively static over multiple TTIs. Simulation shows channel estimation over 2 subframes by simple coherent averaging provides maximum gain under 100Hz residual frequency offset. 
Increasing downlink reference signals power could be considered as well. If cell specific RS is used for data demodulation, power boosting would have some impact on legacy UEs especially for RSRP measurement and QAM PDSCH demodulation. Some specification impact is expected to address this concern. DMRS with power boosting has no such concern.
If necessary, increasing reference signal density can be considered to provide more accurate channel estimation, but it means new RS design. With more accurate channel estimation, the repetition number for other physical channels can be reduced.
-------------------------------------------------------end of TP (Sec 9 5)--------------------------------------------
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