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1
Introduction
In this contribution, we present our views on the coverage enhancements for RACH channel. 
In RAN1#75, the following agreements have been reached:

Agreements:

· WA on usage of existing PRACH formats from RAN1#74bis is confirmed.

· Enhanced coverage UEs and legacy UE may share the same time/frequency resource. In this case, enhanced coverage UEs will use CDM to multiplex with legacy UEs. 

· FFS for multiplexing repetition level(s) within shared time/freq. resources
· In addition define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.
· Within new region, at least CDM is allowed.

· FFS for Frequency Hopping

· NOTE: RACH resource mapping for the “low complexity UE not requiring enhanced coverage” is FFS.
Agreements:
· 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.

· Number of repetitions per level: 

· FFS for configurable value. 

· FFS ranges of this value per level – come back later in week.

· 1 attempt = configured number of repetitions.
· FFS: Power ramping is supported
· If UE does not receive a RAR after 1 attempt, it moves to next highest level (e.g. 5 to 10, and 10 to 15). 

· At highest level, FFS on how many attempts are allowed, and the overall procedure (e.g. Backoff etc.).

Possible agreements:
· Starting level for contention based random access procedure: 

· Case 1: FFS between starting at the lowest level or defining it based on measurement or based on other ways
· Case 2: working assumption: In RRC connected mode could be configured by eNB (dedicated RRC signalling).
2

RACH Channel Design
2.1. Handling of Low Complexity UE 

One of the pending items from RAN1#75 is on the handling of low complexity UE without coverage enhancements: 

NOTE: RACH resource mapping for the “low complexity UE not requiring enhanced coverage” is FFS.
UE E-UTRA capability is delivered to eNB in S1AP Initial UE Context Setup during RRC connection establishment. If MME doesn’t include UE E-UTRA capability in this S1AP message, eNB enquiries UE E-UTRA capability by UE Capability Enquiry message. In both cases, eNB doesn’t know UE E-UTRA capability until RRC Connection Setup Complete is received from UE or later. In current network, UE category 1 is the lowest UE category. So, eNB assumes all the UE is category 1 until UE E-UTRA capability is received. 

For low complexity UE, the DL data bandwidth can not exceed 6 RBs. So if eNB does not know that the UE is low complexity, it will have to schedule all users with narrowband assumption for DL messages in the RACH procedure. Such restriction on the eNB scheduler is not desirable. One solution to such a problem is to have different RACH resource mapping for low complexity users with narrowband restriction. Upon detection of such RACH preambles, eNB always assign narrowband transmissions for Msg 2, Msg 4, etc. 

Proposal 1:
Have different RACH resource mapping for low complexity UE not requiring enhanced coverage to indicate narrowband DL restriction. 
2.2. UE Selection of RACH Format
Since different users in the cell have different needs for coverage enhancements, there is benefit of allowing different coverage enhancements for different users. For example: 

· Users closer to the cell center can choose a shorter RACH format, while the users in deep coverage hole can choose a much longer PRACH format. 
· The selection can be done by UE based on DL PL measurements. 
· The bundle size for PRACH can be calculated, for example, based on the difference between the desired PRACH power and the max allowed power
· Different RACH formats may interfere with each other if they transmit on the same set of RBs in the same sub-frame

· This can be avoided by introducing multiple prach-ConfigIndex which configures the PRACH format as well as the time slot for PRACH transmissions

Proposal 2:
UE can select different RACH formats based on its DL measurements. 

2.3. Configuration of RACH Repetition Length 

Different RACH coverage enhancement needs were considered in previous RAN1 meetings, and the agreement was to include 3 levels of RACH repetition length. Considering the following link budget table from TR36.888, comparing to PUSCH, required link budget improvement is less than 15 dB. Suppose the required RACH enhancement is 12 dB, then the 3 levels for RACH enhancements would be around 4 dB, 8 dB and 12 dB. From implementation and testing point of view having fixed number of repetition levels is much simpler than having everything completely configurable. 
Proposal 3: 

Fix the level of repetition level for RACH to 4, 8 and 12 dB. The level of corresponding repetition can be decided based on link level analysis. 
Table 5.2.1.2-2: MCL calculation for normal LTE FDD*
	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	Data rate(kbps)
	
	
	20
	20
	
	
	

	Transmitter
	
	
	
	
	
	
	

	(0) Max Tx power  (dBm)
	23
	23
	23
	46
	46
	46
	46

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	1080000
	360000
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 

	(7) Required SINR (dB)
	-7.8 
	-10.0
	-4.3
	-4.0 
	-7.5 
	-7.8 
	-4.7 

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-124.24 
	-118.7 
	-117.7 
	-113.4 
	-112.2 
	-112.5 
	-103.34 

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


One issue discussed extensively in the meeting as well as in the email reflector is the concern of measurement accuracy to choose which level to use. Current RSRP accuracy requirement of +-6 dB plus RF impairment does not support distinction of 4 dB granularity. Improved receiver processing, e.g. to extend coherent and non-coherent averaging, can reduce bias as well as variance in the measurements, but may not be guaranteed especially for the low complexity devices.  
Observation 1: 

The current minimum requirements on RSRP measurement may be larger than the finest granularity between two RACH levels. 

Given that UE may not be able to provide finest distinction of PL difference, the benefit of configuring multiple levels at eNB becomes less. One solution is to support less RACH repetition size at the eNB, e.g. just 1 or 2 repetition lengths. In other words, even though spec allows three different levels of repetition, eNB only schedules one level depending on the worst case user condition. For example, support (0, 4), (0,8) or (0,12) dB coverage enhancements at eNB. The current measurement accuracy would be sufficient to make the right selection, e.g. between 0 and 12 dB. In case of error selection between 0 and 4 dB, the difference is sufficiently small to cause any significant system inefficiency. As we discuss later, reduced level at eNB also simplifies eNB configuration and standard efforts, since there is no need to consider multiplexing of different level of repetition lengths. 
Proposal 4: 
Limiting the number of supported repetition level to 1 at eNB should be considered. UE can select between no repetition and repetition based on measurements. 
Although RAN4 requirements have large tolerance of error range, UE can potentially perform better based on enhanced receivers. So in the case where multiple repetition levels are supported at eNB, it should be up to UE implementation to decide which initial level to choose for RACH transmission. 
For example, if there are three levels of repetition mapped to (4 dB, 8 dB, 12 dB) in addition to no repetition, and a UE in the worst coverage enhancement need, starting always from lowest level would mean it has to fail all RACH attempts from 0 to 4 to 8 then reach 12 dB level. This is very inefficient from UE power consumption and system efficiency point of view. Furthermore, always starting at the lowest level may significantly increase the collision probability at lowest repetition level. From this perspective, some UE measurement based selection is still beneficial. 
Proposal 5: 

If multiple levels have to be supported, level selection based on UE measurement should be used instead of always choosing from the lowest level. 
2.3. User Multiplexing 
The following multiplexing issue was considered in the last meeting:
· Enhanced coverage UEs and legacy UE may share the same time/frequency resource. In this case, enhanced coverage UEs will use CDM to multiplex with legacy UEs. 

· FFS for multiplexing repetition level(s) within shared time/freq. resources
As mentioned earlier, if only one level of repetition is supported at eNB, then we don’t have to multiplex sequences of different repetition length within the shared time/frequency resources. This simplifies configuration and receiver processing from the eNB side. 

Observation: 

With the proposal of supporting one repetition level, we don’t need to support multiplexing of different repetition levels within the shared time/frequency resources. 

2.4. Power Ramping
Current RACH procedure allows power ramping when the initial RACH fails. This is useful when the initial power setting is too conservative or the path loss estimation is inaccurate. For the case where bundling is needed, it is possible to increase bundle size for subsequent RACH attempt similar to RACH power ramping concept. The alternative is to transmit the same bundled RACH during subsequent attempts. 
The two approaches are:

· Option 1: support one repeated RACH transmission in addition to the single RACH transmission. Coverage limited users can choose the repeated RACH transmission with power ramping in subsequent transmissions if the initial RACH fails. 

· Option 2: support multiple RACH transmissions. Coverage limited users can increase bundle size in subsequent transmissions when the initial RACH fails.  

Proposal 6:

Power ramping for PRACH is supported. Whether there is a need for UE to increase bundle size for subsequent RACH transmissions after failed RACH attempts is FFS.

2.4. RACH in RRC Connected Mode
Both contention based and non-contention based RACH are supported for regular UEs. For non-contention based RACH in RRC connected mode, the eNB orders the RACH transmission. For MTC UEs already in connected states, it is desirable to also indicate the bundle size for the non-contention based RACH.
Proposal 7:

For non-contention based RACH, a UE is indicated the desired bundle size along with other configurations  
Finally, for the bundle size determination for Msg 2/3/4 during initial random access procedure, our preference is to have predefined bundle sizes for simplicity. 
Proposal 8:

For Msg 2/3/4, the bundle size determination is predefined based on the selection of bundle size of Msg 1. 

3
Conclusion

In this contribution, we presented our views on the coverage enhancement for PRACH.  We make the following proposals:
Proposal 1:
Have different RACH resource mapping for low complexity UE not requiring enhanced coverage to indicate narrowband DL restriction. 
Proposal 2:
UE can select different RACH formats based on its DL measurements. 

Proposal 3: 

Fix the levels of repetition for RACH to target 4, 8 and 12 dB coverage enhancements. The repetition numbers can be decided based on link level analysis. 
Proposal 4: 

Limiting the number of supported repetition level to 1 at eNB should be considered. UE can select between no repetition and repetition based on measurements. 
Proposal 5: 

If multiple levels have to be supported, level selection based on UE measurement should be used instead of always choosing from the lowest level. 
Proposal 6:

Power ramping for PRACH is supported. Whether there is a need for UE to increase bundle size for subsequent RACH transmissions after failed RACH attempts is FFS.

Proposal 7:

For non-contention based RACH, a UE is indicated the desired bundle size along with other configurations  

Proposal 8:

For Msg 2/3/4, the bundle size determination is predefined based on the selection of bundle size of Msg 1. 
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