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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #79 meeting, the target MCL for coverage enhancement (CE) was agreed to be 155.7dB for both FDD and TDD [1].
For the amount of CE, a mechanism was raised in WID [2]:
· The amount of coverage enhancement should be configurable per cell and/or per UE and/or per channel and/or group of channels. Relevant UE measurements and reporting to support this functionality should be defined.
In this contribution, we will first investigate the required CE for each channel to reach the target MCL. And then discuss the configuration of CE during initial random access for PRACH/Msg2/3/4, including relevant UE measurements and reporting mechanism. 
Required coverage enhancement for each physical channel
As was agreed in [1], the CE targets for normal complexity UEs are 155.7dB both FDD and TDD. For Rel-13 low complexity UEs, RAN1 has agreed to target the same MCL as long as it doesn’t require significant additional work. The MCL targets are valid under the assumptions in [3] and are assuming that the maximum UE transmission power P [dBm] of the new UE power class is ≥20 dBm. 
We assume 20dBm for the new UE power class and 4dB DL loss for 1R. The loss from bandwidth reduction which is assumed to be 2dB only occurs for PUCCH and PDCCH, as the PRB number is 2 for PUSCH and PDSCH MCL evaluation in [3]. Based on MCL values of each channel [3], in Table 1 we calculate the dB values to be compensated for normal complexity UEs and Rel-13 low complexity UEs to reach the target MCL. 
[bookmark: _Ref398737378]Table 1 Required CE to reach 155.7dB MCL for each physical channel (dB)
	
	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	Normal complexity UEs
	FDD MCL
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	
	Compensations to reach 155.7dB MCL for FDD
	8.5
	14
	15
	10.3
	6.7
	6.4
	9.6

	
	TDD MCL
	149.4
	146.7
	147.4
	148.1
	149.0
	149.3
	146.9

	
	Compensations to reach 155.7dB MCL for TDD
	6.3
	9
	8.3
	7.6
	6.7
	6.4
	8.8

	Rel-13  low complexity UEs
	FDD MCL
	142.2
	138.7
	137.7
	141.4
	145.0
	145.3
	140.1

	
	Compensations to reach 155.7dB MCL for FDD
	13.5
	17
	18
	14.3
	10.7
	10.4
	15.6

	
	TDD MCL
	144.4
	143.7
	144.4
	144.1
	145.0
	145.3
	140.9

	
	Compensations to reach 155.7dB MCL for TDD
	11.3
	12
	11.3
	11.6
	10.7
	10.4
	14.8


It is observed from the table that:
· The required CE for each channel varies between FDD and TDD.
· Rel-13 low complexity UEs need more CE (maximum 6dB) than normal complexity UEs at the same channel condition. 
[bookmark: OLE_LINK16]As UEs may be located in cell edge and cell centre with widely discrepant channel condition, not all UEs need the same amount of CE. Additional amount of CE is necessary to compensate for the loss caused by complexity reduction techniques.
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Proposal 1: The coverage penalty caused by complexity reduction techniques should be taken into consideration when determining the amount of CE per UE per channel.
Coverage enhancement during initial random access
Configuration of PRACH coverage enhancement
[bookmark: OLE_LINK41][bookmark: OLE_LINK43]For PRACH CE, it was agreed in last meeting [1]:
· [bookmark: OLE_LINK30][bookmark: OLE_LINK31]Multiple PRACH repetition levels are supported
· [bookmark: OLE_LINK29]Specified maximum numbers of levels: Working assumption of 3 (this does not include “zero coverage extension”). More evidence needed if we were to extend this. 
· eNB-configurable number of levels (1, 2, 3) up to specified max level.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK32][bookmark: OLE_LINK33]The number of repetitions per level is FFS as discussed in RAN1 #75 [4]:
· [bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK34]FFS for configurable value. 
· FFS ranges of this value per level.
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]When the number of PRACH repetition levels is not enough with a large granularity of the CE step, UE’s power consumption would be wasted by the excessive repetitions. According to Table 1, the maximum amount of CE for PRACH is 17dB, 3 maximum number of level with about 6dB step for each level would be the balance of UE’s power consumption and the complexity of PRACH detection. Due the repetition gain increases as the repetition number increases, it is straightforward that the repetition number of high CE level should be larger than that of low CE level due to large amount of CE compensated by high CE level. The exact amount of CE compensated for each level depends on the number of repetitions per level, which is configurable.
Proposal 2: Confirm to specify maximum 3 repetition levels for PRACH. The number of repetitions per level is configurable.
The mapping between PRACH repetition level and PRACH resource set was discussed in RAN1 #74bis [5] and FFS:
· [bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK35][bookmark: OLE_LINK36]FFS: For initial random access, there is one to one mapping between PRACH repetition level and PRACH resource set. UE selects a PRACH repetition level and transmits the PRACH preamble using the PRACH resource set according to the selected PRACH repetition level
· FFS: details of PRACH resource set, repetition levels
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]If there is one to one mapping between PRACH repetition level and PRACH resource set, a UE can select a PRACH repetition level and transmits the PRACH preamble using the PRACH resource set according to the selected PRACH repetition level. It has the benefit that eNB can obtain the PRACH repetition level by PRACH detection from the corresponding resource set. Consistent decision on the PRACH repetition level by eNB and UE could be guaranteed by the one to one mapping.
[bookmark: OLE_LINK87][bookmark: OLE_LINK88]Proposal 3: One to one mapping between PRACH repetition level and PRACH resource set for initial random access should be defined.
The configuration of PRACH resource sets include the multiplexing scheme for PRACH resource sets of different repetition levels, PRACH resource sets of Rel-13 low complexity UEs and other UEs. Refer to our accompanied contribution [6] for the details.
Determining the repetition level of PRACH
For determining the PRACH repetition level for a specific UE during initial random access (selection for starting level), agreements in RAN1 #74bis [5] indentified the following issue to be further studied:
· FFS: details of random access procedure including initial selection for repetition level
And possible agreement was reached in RAN1 #75[4]:
· Starting level for contention based random access procedure: 
0. Case 1: FFS between starting at the lowest level or defining it based on measurement or based on other ways
Three schemes based on the above possible agreement are analyzed considering access time, power consumption, resource utilization, and specification impact.
Scheme 1: UE determines the PRACH repetition level based on RSRP or path loss measurement
[bookmark: OLE_LINK101][bookmark: OLE_LINK102]In this scheme, the system or eNB can pre-set several RSRP or path loss ranges, each range will be related to a PRACH repetition level, and thus related to an amount of PRACH CE. UE firstly calculates its RSRP or path loss, and decides which range it belongs to. Once UE determines its RSRP or path loss range, it uses the corresponding PRACH repetition level.
The scheme has the benefits of reducing failed PRACH transmission or avoiding excess repetitions assuming large repetition level, thus minimizes resource utilization, access time and UE power consumption.
The accuracy of RSRP or path loss measurement
A concern is that the accuracy of RSRP or path loss measurement may be degraded for UEs under bad channel condition. To investigate the impact of inaccuracy RSRP measurement on the PRACH repetition level determination, we take a range of different PRACH CE values for FDD and 3 PRACH repetition levels for Rel-13 low complexity UEs as an example.
Assuming no CRS boosting, the SNR of CRS for Rel-13 low complexity UEs should be 2.7 dB, -3.3 dB, -9.3dB and -14.3 dB when PRACH begins to need CE, needs 6dB CE, 12dB CE and 17dB CE respectively. The RSRP accuracy corresponding to 2.7 dB SNR is about ±0.5dB at 200ms measurement and EPA5[7]. Considering the ±3 dB RSRP error of RF component, about total ±3.5 dB RSRP measurement error. As shown in Figure 1,±3.5 dB RSRP measurement error would result in ±3.5 dB erroneous decision range. For the amount of PRACH CE 6dB, 12dB and 17dB, although the RSRP accuracy would be deteriorated, the decision of PRACH CE mode (whether CE is required) can also be guaranteed. As shown in the Figure 1, if a UE’s inaccurate RSRP measurement with CE is lower than ideal RSRP value, the UE will decide it should require CE, so the PRACH CE mode decision is correct. On the contrary, if the UE’s inaccurate RSRP measurement with CE is higher than ideal RSRP value, the UE may also decide it should require CE due to the RSRP measurement error cannot exceed the gap between ideal RSRP value and the threshold for PRACH CE.
To sum up, only on the boundary of PRACH CE and non-CE, a small RSRP range would have the possibility of erroneous decision on the PRACH CE mode. However, the accuracy of RSRP measurement can be improved based on measurement average across more subframes. Moreover, the CRS density or power would also be considered to increase, which would be beneficial to narrow the erroneous range. The impact of erroneous decision on the PRACH CE mode could be acceptable in view of the erroneous RSRP decision range is marginal within the entire RSRP range.


[bookmark: _Ref398630838][bookmark: OLE_LINK105][bookmark: OLE_LINK106]Figure 1: UE determines the PRACH repetition level based on RSRP or path loss measurement
The specification impact of scheme 1 is to specify the relationship of RSRP or path loss and the PRACH repetition level (amount of PRACH CE). 
Scheme 2: UE determines the PRACH repetition level based on PBCH or SIB detection
The scheme has similar benefits as scheme 1, however it has the following problems:
For the scheme based on PBCH detection, as the UE has no knowledge of SFN, it will combine the PBCH repetition burst blindly started from any frame. Considering if the PBCH repetition burst structure is designed with frames not containing the additional PBCH repetition (intermittent design or repeated only in odd frames), it is possible for UE to start PBCH combination at such frame. The combination times of the successful PBCH detection could not reflect the channel condition because the UE may take other signal in such frame into the combination. The determination of the PRACH repetition level is not robust with the scheme in this situation.
Even for the PBCH repetition burst structure that the additional PBCH repetition exists in every frame, considering large MCL gap (larger than 6 dB for FDD) between the MCL of PBCH with that of PRACH, even if a UE successfully decodes legacy PBCH, it cannot decide PRACH CE mode or non-CE mode. Moreover, a UE will decode PBCH with keep trying, the keep trying shall impact the decision of the amount of CE, and the consideration about keep trying on CE identification may need more standardization work. 
For the scheme based on SIB detection, although SFN is known when SIB detecting, the problems analyzed above are also applicable. A UE may decode SIB based on keep trying, and different code rates of SIB also affects the detection performance of SIB. 
Therefore, many uncertain factors will impact the detection performance significantly and will bring much standardization work to specify the relation to PRACH repetition level.
Scheme 3: UE always starts from the lowest PRACH repetition level.
For scheme 3, a UE may select the lowest PRACH repetition level (such as corresponding to (0, 6] dB enhancement), and would increase the PRACH level on subsequent attempts until the highest PRACH repetition level is reached. Compared to scheme 1 or 2, the benefit of scheme 3 is the standardization work could be reduced.
For this scheme, as all UEs would transmit PRACH from the lowest PRACH repetition level,  unnecessary preamble transmissions of some UEs (transmitting preambles with PRACH repetition levels lower than their actually required repetition level) may be increased. Moreover, PRACH preamble colliding with other UEs may become severe especially at low repetition level. 
Though simple, scheme 3 is inefficient in resource utilization, and increases the UE power consumption with long access time when the UE is in poor conditions, and may cause unnecessary blocking from failed PRACH attempts.
Table 2 below compares the advantages and drawbacks of determining the PRACH repetition level based on the three schemes.


[bookmark: _Ref398630951]Table 2: Comparing the schemes of determining the PRACH repetition level
	
	Scheme 1: based on RSRP or path loss measurement
	Scheme 2: based on PBCH or SIB detection
	Scheme 3: starts from the lowest PRACH repetition level

	Decreasing access time
	√
	√
	×

	Decreasing power consumption
	√
	√
	×

	Minimizing resource utilization
	√
	√
	×

	Spec impact
	Medium
	High
	Low



To sum up the above analysis, in view of scheme 1 has obvious benefits on access time, power consumption, resource utilization, and medium specification impact, having the UE determine the PRACH repetition level based on RSRP or path loss measurement is preferred.
Proposal 4a: UE determines whether to use PRACH CE mode based on RSRP or path loss measurement.
Proposal 4b: Further to 4a, the UE determines the PRACH repetition level based on RSRP or path loss measurement.
Configuration of Msg2/3/4 coverage enhancement
For Msg2 after PRACH, the use of multiple repetition levels was agreed in the previous meeting [1]:
· RAR intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels
Msg3 and Msg4 should also support multiple repetition levels for the sake of high spectral efficiency and reduce UE power consumption. 
For the resource configuration of CE, if no common search space of ‘physical DL control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage defined, the resource of Msg2 needs to be configured in SIB for some flexibility or fixed. Msg2 configures the Msg3 resource by the current UL grant functionality in Msg2. Msg4 resource is configured in physical DL control channel for MTC or PDCCH when PDCCH repetition is supported. For the MTC physical DL control channel scheduling Msg4, the resource configuration needs to be further studied. 
Proposal 5: The resource of Msg2 needs to be configured in SIB or fixed if no common search space of ‘physical DL control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage defined. The resource configuration for the MTC physical DL control channel scheduling Msg4 is FFS.
Determining the repetition level of Msg2/3/4
In RAN1 #74 meeting, using PRACH to inform coverage information to eNB was agreed for FFS [8]:
· FFS whether or not to use PRACH to indicate coverage level
If the eNB can know the amount of UE’s CE, it can optimize the resource utilization. Moreover, it can also reduce eNB and UE transmission/reception complexity, and save eNB and UE power consumption. It is beneficial to let eNB know the amount of UE’s coverage improvement as soon as possible. Preamble transmission is the first UL transmission for UE and eNB can obtain the PRACH repetition level by PRACH detection. The amount of CE is natural to be indicated via PRACH repetition level and acquired by eNB, which can be a reference for the setting of the repetition number for other channels.
Proposal 6: It is necessary for UE to report the amount of CE via PRACH to optimize resource utilization and save eNB/UE power consumption.

For determining the repetition level of Msg2/3/4, agreements in RAN1 #74bis include [5]:
· FFS during initial random access procedure if repetition level associated with transmission of Msg2/3/4 can be semi-statically configured, dynamically signalled, or predefined
As Msg2 is the first DL transmission for a UE, there is no other dedicated DL signaling preceding Msg2 which could be used to semi-statically configure the repetition level of Msg2. DL control channel could configure the repetition level of Msg2 in a dynamic manner. However, it will be based on whether control –less transmission of common messages is adopted for CE. As other ways, the repetition level of Msg2 can be based on the repetition level of PRACH transmission or the maximum Msg2 repetition level, configured in common transmissions prior to Msg2. To optimize resource utilization, the repetition level of Msg2 based on the maximum Msg2 repetition level should not be adopted. 
For Msg3/4, the repetition level can also be determined according to the repetition level of PRACH transmission. Besides, as Msg3 is the signal prior to Msg4, additional information about the repetition level of Msg4 can be provided by Msg3. As another way, eNB can indicate the repetition level of Msg3/4 semi-statically by Msg2 or dynamically by DL control channel based on its decision.
For semi-statically or dynamically configure the repetition level of Msg2/3/4, more standardization work on the content of RAR or DCI or other early transmissions would be needed. Moreover, the receiving time of Msg2 or DCI may be prolonged, as the code rate may be increased due to extra indication added. UE power consumption will increase due to the prolonged receiving time.
For this reason, to save the signaling needed and pursue less specification impact, we propose:
Proposal 7: The repetition level of at least Msg2 and Msg3 should be determined referring to  the repetition level of PRACH transmission. 

Conclusions
In this contribution, the required CE for each channel and configuration of CE during initial access are analyzed, and the following proposals are presented: 
Proposal 1: The coverage penalty caused by complexity reduction techniques should be taken into consideration when determining the amount of CE per UE per channel .
Proposal 2: Confirm to specify maximum 3 repetition levels for PRACH. The number of repetitions per level is configurable.
Proposal 3: One to one mapping between PRACH repetition level and PRACH resource set for initial random access should be defined.
Proposal 4a: UE determines whether to use PRACH CE mode based on RSRP or path loss measurement.
Proposal 4b: Further to 4a, the UE determines the PRACH repetition level based on RSRP or path loss measurement.
Proposal 5: The resource of Msg2 needs to be configured in SIB or fixed if no common search space of ‘physical DL control channel for MTC’ for Rel-13 low complexity UEs and UEs in enhanced coverage defined. The resource configuration for the MTC physical DL control channel scheduling Msg4 is FFS.
Proposal 6: It is necessary for UE to report the amount of CE via PRACH to optimize resource utilization and save eNB/UE power consumption.
Proposal 7: The repetition level of at least Msg2 and Msg3 should be determined referring to the repetition level of PRACH transmission.
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