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1 Introduction

In RAN#66, the “Low Cost & Enhanced Coverage MTC UE” WI was approved [1].  
This contribution discusses some aspects of the RACH procedure for the Low Cost & Enhanced Coverage MTC UE.
2 Previous Agreements

In this section, a summary of the previous RAN1 PRACH related agreements is provided.

In the RAN1#79 meeting, the following was agreed for preamble transmission:

	· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported
· In addition define additional time/freq. resource region(s) separate for “enhanced coverage” UEs. 
· Within new region, at least CDM is allowed. 
· FFS: PRACH resource sharing with normal UE


In the RAN1#80 meeting, the following was agreed for the PRACH and RAR:

	· There is one to one mapping between PRACH repetition level and PRACH resource set
· Multiple attempts are allowed for each PRACH repetition level
· There is a configurable number of attempts
· FFS: Whether the configuration of the number of attempts is common or separate per repetition level
· Number of attempts per PRACH repetition level can be different
· If UE does not receive a RAR after the allowed number of attempts, it moves to the next higher repetition level
· Specified maximum numbers of levels is 3 (this does not include “zero coverage extension”)
· FFS: Power ramping or always max power used within each repetition level
· FFS UE behavior when UE receives RAR, but fails contention resolution


In the RAN1#80bis meeting, the following was agreed for the PRACH and RAR:

	•
Alternatives for number of UEs in paging/RAR message

o
Alt 1. Fixed number of UE(s)

o
Alt 2. Variable number of UEs

o
Alt 3. Variable number of UEs with variable padding (total size is fixed)

•
Options for paging/RAR transmission mechanism

o
Option 1. M-PDCCH + PDSCH carrying paging/RAR messages

o
Option 2. M-PDCCH carrying paging/RAR message

o
Option 3. PDSCH carrying paging/RAR message

•
Further study with consideration of the followings

o
Blocking probability needs to be considered

o
How many UE monitoring occasions can be configurable in the system

o
Spectral efficiency, UE power consumption, and network/UE complexity

•
PRACH frequency hopping can be configured when multiple PRACH frequency resources are available for Rel-13 low complexity MTC UEs in coverage enhanced mode

o
Details FFS

•
Repetition of all preamble formats is supported in coverage enhancement, except PRACH format 4

•
For coverage enh. of PRACH:

o
The configuration of the number of attempts can be separate per coverage level

•
FFS whether or not to have default configurations and if so, the default configurations

o
The configuration of the number of repetitions can be separate per coverage level

•
FFS whether or not to have default configurations and if so, the default configurations 

o
When UE receives RAR but fails contention resolution

•
The UE uses its current repetition level until it reaches the maximum number of attempts for that level


3 Discussions
The RACH access consists of PRACH transmission followed by RACH message exchanges between eNB and UE.  The following will discuss the RACH process, preamble transmissions, RAR, Message 3 and Message 4.
3.1 RAN1 Agreement Observations

From the RAN1 agreements listed in the previous section, one of the key developments is the concept of allowing multiple attempts at each of the repetition levels. 

Observation #1: As agreed by RAN1, for the coverage enhanced PRACH, the configuration of the number of attempts, and also the number of repetitions, can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations.
Also, RAN1 have an agreement specifying the expected UE behaviour in the scenario where the UE receives RAR but fails contention resolution. 

Observation #2: As agreed by RAN1, when the UE receives RAR but fails contention resolution, the UE uses its current repetition level until it reaches the maximum number of attempts for that level.

3.2 Preamble transmission

3.2.1 PRACH resource selection

From the set of RAN1 agreements currently available, it is still not possible to decide if there is a need to partition the preamble signature for coverage enhanced Rel-13 LC UE, non-coverage enhanced Rel-13 LC UE and the normal UE (i.e. legacy UE including Rel-12 LC UE) because there is the option to configure separate time-frequency resources for each type of UE.

However, if time-frequency resources are configured to be shared amongst the different types of UE, there is a need to differentiate between them via preamble partitioning. This is because the Rel-13 LC UE in coverage enhanced mode, requires that the eNB performs accumulation of multiple preamble repetitions in order to compensate for the poor coverage and LC/CE device 6 PRB limitation.

As per the RAN1#79 agreement for the “enhanced coverage” UE, additional time/frequency resource regions are required for the different repetition levels. As a consequence, preamble partitioning is also required to differentiate the repetition level.
Proposal#1: If time-frequency resources for PRACH are configured to be shared amongst the different types of UE (including CE, non-CE MTC UEs and normal UEs), there is a need to differentiate between them via preamble partitioning. Also for the enhanced coverage UE, further preamble partitioning is required to differentiate the repetition level. Such preamble partitioning can be signalled over broadcast signalling.
3.2.2 Power ramping and repetition level
In existing preamble transmission, the power ramping mechanism is used to mitigate the initial pathloss measurement error and changing radio condition so that the preamble can be transmitted to the eNB successfully in one of the preamble retransmissions. In enhanced coverage region, a LC UE in the CE region is basically out of normal coverage, which technically means that the maximum transmission power from the LC UE cannot reach the eNB without any enhancement.  Furthermore, RAN 1 has also agreed on 3 PRACH repetition levels for LC UE. It is of course feasible to increase the number of repetitions for each repetition level so that the CE-MTC UE can use a lower transmission power.  However, the benefit of doing so is unclear since repetition consumes eNB resources and system resources and does not save any battery power at the LC UE. Therefore, it is preferred that there is no power ramping for CE PRACH transmission.  Note, that according to RAN1#80 agreements, this is still FFS within RAN1.
On the other hand, LC UE with no CE (i.e. in normal coverage) can follow the same power ramping procedure as normal UE.
Proposal#2: No power ramping is used for CE PRACH transmission.  Rel-13 LC UEs that select a non-zero repetition level will always use the maximum UE transmission power for each PRACH preamble transmission.
For the selection of the first repetition level the UE should start with, the following initial PRACH repetition level selection methods were considered:

· Option A: Start from lowest repetition level 

· Option B: Based on measurements

· Option C: Use a repetition level configured after the last successful access

In Option A, since all CE-MTC UEs always start from the lowest repetition level, it may lead to a high collision probability at the lowest repetition level.  If there are few CE-MTC UEs in suitable conditions for the lowest repetition level, this will lead to unnecessary wastage of eNB resources.

In Option B, the CE-MTC UEs will select the initial repetition level based on measurements e.g. RSRP.  This would require that the eNB clearly indicates the range of measurement values (e.g. RSRP) that correspond to each repetition level; these can be signalled in SIB2.  However, as noted in [2], measurements such as RSRP are subject to high uncertainty and therefore would not always offer a significant advantage over randomly selecting a repetition level.  Figure 1 shows the repetition level at each coverage range and two CE-MTC UEs, namely CE-MTC UE 1 and CE-MTC UE 2 at repetition levels 1 and 2 respectively.  It is likely that CE-MTC UE 1 at a better coverage than that of CE-MTC UE 2 would have less measurement error compared to that of CE-MTC UE2 which is at a poorer coverage.  If the measurement error is smaller than the difference in coverage for the lowest and highest coverage levels, then measurements may be beneficial. 
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Figure 1: Repetition level selection based on measurements

In Option C, the CE-LC UE uses an initial repetition level obtained as a result of previous successful PRACH access.  One possibility could be simply to use the repetition level that led to a valid RAR response in the previous access; however, this may be an unnecessarily high repetition level. Therefore allowing the possibility for the eNB to configure the repetition level to be used for the next PRACH preamble transmission after successful PRACH access seems beneficial. This is likely to be more accurate than RSRP measurements.  If the CE-LC UE is stationary, this method should have a high chance of getting the suitable repetition level, thereby avoiding ramping of repetition levels.  However, it is possible that the CE-LC UE has moved between two PRACH accesses, which might make the previous configured repetition level obsolete.  In the case that such a CE-LC UE has moved to conditions where a lower repetition level is sufficient, then some resource is wasted on the PRACH but this will be corrected by the eNB after RACH access.  In the case that the CE-LC UE has moved to conditions requiring a higher repetition level, this would result in ramping up of the repetition level.  It is assumed that movement of CE-LC UEs leading to changes in the required repetition level is rare.  Since the consequence of such rare movements can be corrected, Option C seems reasonable.  A timer can also be used such that the CE-LC UE would “forget” the configured repetition level in the previous access after a certain time lapse.  

Proposal#3: For initial access the LC UE with CE uses the repetition level used for the last successful PRACH access, provided that level was applied within a certain time window. Dedicated RRC signalling is provided to configure the PRACH repetition levels and duration of the time window at any time (before or after expiry of time window).

It is also possible for the LC UE with CE to apply both Option B and C and take the option which indicates a lower repetition level. Such optimisation may also be beneficial and should be discussed.
For cases where the CE-LC UE does not have information on the last successful repetition level (e.g. the above timer has expired, 1st ever intial access, device rebooted), then comparing Option A & B, we have a slight preference to use Option B (e.g. with RSRP), since it can minimise resource wastage. The range of RSRP values that correspond to each repetition level should be signalled in SIB2.

Proposal#4: For cases where the CE-LC UE does not have a valid configured repetition level (e.g. the UE’s very first access attempt in the cell, or after expiry of the time window), then the repetition level is selected based on measurements (e.g. RSRP). The range of RSRP values that correspond to each repetition level should be signalled in SIB2.
The first PRACH transmission may not lead to a successful RAR, which may be due to collision or radio condition i.e., the coverage level is poorer than that supported by the repetition level.  In this case, it has been agreed in RAN 1 that: 
· Multiple attempts are allowed for each PRACH repetition level
· There is a configurable number of attempts
· FFS: Whether the configuration of the number of attempts is common or separate per repetition level
· Number of attempts per PRACH repetition level can be different
Failure to obtain a valid RAR response can be due to poor SNR or collision.  

If the CE-LC UE fails to access the network after the maximum number of attempts at the highest PRACH repetition level, then we can consider that the RACH access has failed. In existing behaviour, the UE MAC reports the RACH failure to RRC but continues with the RACH procedure. 
For the coverage enhancement case, if after the maximum number of attempts at the highest repetition level there is no successful RACH access, then it is proposed that the UE stops attempting further PRACH access and reports to the higher layer (RRC).
Proposal#5: If the CE-LC UE fails to access the network after the maximum number of attempts at the highest PRACH repetition level, the UE should stop attempting at the highest PRACH repetition level and report to the higher layer (RRC). The behaviour at the RRC layer is as per legacy behaviour. For the lower repetition levels, if UE does not receive a RAR after the maximum number of attempts for that level, it moves to the next highest level.
For the CE-LC UE, the time taken by the UE to indicate to between the first RRC Connection Request (message3) being sent and the corresponding RRC connection setup or reject (message4) being successfully received can now vary significantly per coverage level (depending on the number of repetitions required).   
3.3 RAR
For the existing RA procedure, the RAR message 2 transmission would consist of PDCCH, scrambled by RA-RNTI, containing the RAR UL scheduling info and PDSCH carrying the RAR message. Due to the reduced bandwidth, PDCCH cannot be used for the control channel.  RAN 1 is yet to decide on whether a new control channel (M-PDCCH) within the reduced bandwidth is required for indicating the frequency and time domain allocation (within the RAR window) of the RAR or if the frequency and time domain allocation of RAR is configurable semi-statically in broadcast signalling. 
The contents of the RAR are still being discussed in RAN 1, particularly on the UL grant for Message 3. 
Hence RAN 2 should wait for RAN 1 on the design of the RAR message.  
Proposal#6: RAN 2 should wait for RAN 1 on the design of the contents of the RAR and the transmission mechanism (new M-PDCCH or other solution). 
3.4 Contention Resolution
Once the first RRC Connection Request message (Message 3) is sent, the CE/LC device starts 2 timers, the mac-ContentionResolutionTimer and the RRC layer T300 timer. 
(a)  mac-ContentionResolutionTimer {sf8,...,sf64} 

How long the UE waits after sending the most recent RRC Connection Request (msg3), before retransmitting another preamble attempt.  
(b)  RRC T300 timer {100ms...2000ms} 

How long the UE waits after sending the first RRC Connection Request (msg3) attempt, before signalling to higher layers that the RRC Connection Establishment has failed.

The values and ranges of this timers applied by LC/CE devices in enhanced coverage scenarios, now need to be revised to accommodate the additional repetitions required for msg3 and msg4 in enhanced coverage scenarios:

Options for revising these timers include:

Option 1:  Using a single worse case timers for all coverage levels

This option will unnecessarily slow down PRACH reattempts at better coverage levels.

Option 2:  Defining explicitly different timers for each coverage level

This option will require more SIB2 bits to be defined and broadcast to indicate different timer values for each coverage level.  Also with this option, each time the number of repetitions and or reattempts, per a given coverage level is modified, so should the corresponding timer creating a new maintenance issue.

Option 3:  For a given coverage level, the timers applied by the CE-LC UE is a function of a nominal value (e.g. that optimised for normal coverage) and the current coverage level characteristics (e.g. the current coverage level and the number of repetitions).

This option keeps the number bits broadcast of T300 to a minimum and maintains the optimal T300 even when the coverage level characteristics (e.g. repetitions) are independently modified.

Proposal#7:   The UE shall be able to configure different values of the MAC contention resolution and the RRC T300 timers for different coverage levels.  These coverage level specific timer values, shall be derived using a pre-defined function, that uses the coverage level characteristics and nominal values of the timers broadcast by the network.
4 Conclusion

In this contribution we discuss some considerations for the RAR, Message 3 and Message 4.  Based on that discussion we have the following observations and proposals:
Observation #1: As agreed by RAN1, for the coverage enhanced PRACH, the configuration of the number of attempts, and also the number of repetitions, can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations.
Observation #2: As agreed by RAN1, when the UE receives RAR but fails contention resolution, the UE uses its current repetition level until it reaches the maximum number of attempts for that level.

Proposal#1: If time-frequency resources for PRACH are configured to be shared amongst the different types of UE (including CE, non-CE MTC UEs and normal UEs), there is a need to differentiate between them via preamble partitioning. Also for the enhanced coverage UE, further preamble partitioning is required to differentiate the repetition level. Such preamble partitioning can be signalled over broadcast signalling.

Proposal#2: No power ramping is used for CE PRACH transmission.  Rel-13 LC UEs that select a non-zero repetition level will always use the maximum UE transmission power for each PRACH preamble transmission.

Proposal#3: For initial access the LC UE with CE uses the repetition level used for the last successful PRACH access, provided that level was applied within a certain time window. Dedicated RRC signalling is provided to configure the PRACH repetition levels and duration of the time window at any time (before or after expiry of time window).

Proposal#4: For cases where the CE-LC UE does not have a valid configured repetition level (e.g. the UE’s very first access attempt in the cell, or after expiry of the time window), then the repetition level is selected based on measurements (e.g. RSRP). The range of RSRP values that correspond to each repetition level should be signalled in SIB2.
Proposal#5: If the CE-LC UE fails to access the network after the maximum number of attempts at the highest PRACH repetition level, the UE should stop attempting at the highest PRACH repetition level and report to the higher layer (RRC). The behaviour at the RRC layer is as per legacy behaviour. For the lower repetition levels, if UE does not receive a RAR after the maximum number of attempts for that level, it moves to the next highest level.

Proposal#6: RAN 2 should wait for RAN 1 on the design of the contents of the RAR and the transmission mechanism (new M-PDCCH or other solution).  

Proposal#7:   The UE shall be able to configure different values of the MAC contention resolution and the RRC T300 timers for different coverage levels.  These coverage level specific timer values, shall be derived using a pre-defined function, that uses the coverage level characteristics and nominal values of the timers broadcast by the network.
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