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1 Introduction
The Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1] includes three main objectives: (1) specify a new Rel-13 low complexity UE category, (2) LTE coverage improvement corresponding to 15 dB for FDD, and (3) power consumption reduction. Reduced UE bandwidth of 1.4 MHz in downlink and uplink is considered as the most important complexity reduction technique for Rel-13 low complexity UEs.

In this contribution we discuss remaining RAN2 open issues for the random access procedure and the related messages, in order to meet the objectives for the work item. 
2 Discussion
2.1 RA-RNTI
In this section RA-RNTI calculation for Rel-13 LC/CE UEs is discussed. In previous meeting, RAN2 agreed to update the RA-RNTI calculation taking e.g. PRACH starting opportunities, used narrowband and repetition factor into account to provide extended RA-RNTI space. It was FFS whether all factors need to be included in the calculation which is supposed to be addressed as part of this email discussion.

Once the preamble is transmitted the UE monitors for MPDCCH identified with RA-RNTI, which is calculated as [2]:

	RA-RNTI= 1 + t_id+10*f_id

Where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6). The MAC entity may stop monitoring for Random Access Response(s) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted Random Access Preamble.


t_id is applicable to both frame structures (TDD and FDD) where, based on the PRACH Configuration Index, the UE has various options in which subframe the preamble transmission is started. f_id is only applicable to frame structure format 2 (TDD) where indices > 0 indicate that random access opportunities are additionally frequency multiplexed [3]. 

When enhanced coverage is required with PRACH repetitions across the PRACH opportunities, if the legacy formula is used, it can happen that the RA-RNTI collide as the UE CE level or PRACH repetition starting time (beyond the subframe) is not included in the calculation. This can especially be a problem when the extended RA response window sizes are used according to RAN2#92 agreement: “The extended value range for ra-ResponseWindowSize is {sf20, sf50, sf80, sf120, sf180, sf240, sf320, sf400}”. 
Observation 1 Using legacy RA-RNTI formulation results in RA-RNTI collisions between UEs starting PRACH transmissions in different radio frames.  
To include support for BL UEs and UEs in enhanced coverage, the frequency and time indices (t_id and f_id) can be kept similar to legacy. To avoid any possible overlapping of RA-RNTI values in different RA response windows, a new parameter should be added to RA-RNTI calculation. PRACH narrowband is not suitable since the network may not assign a separate narrowband per EC level supported in the serving cell. Using the EC level or the corresponding repetition factor would be better to separate the RA-RNTI values.
We propose to use the frequency and time indices (t_id and f_id), similar to the legacy along with r_id, the index of the repetition factor. The value range for the repetition factor is {1, 2, 4, 8, 16, 32, 64, 128} thus the index can vary from 0 to 7. We propose that
RA-RNTI = 1 + t_id + k1 * f_id + k2 * r_id,

where k1 and k2 are constants chosen to avoid overlapping values. If k1 = 10 as in legacy, k2 should be 60 or more. When k2 is equal to 60, the value range for RA-RNTI will be from 1 to 480 (0001 to 01df in hexadecimal). Above formulation is backwards compatible as for normal UEs r_id = 0.
Proposal 1 RA-RNTI is calculated as follows: RA-RNTI = 1 + t_id + k1 * f_id + k2 * r_id, where k1 = 10, k2 = 60, t_id and f_id are as before, r_id is the index 0 to 7 of the used PRACH repetition factor from set {1, 2, 4, 8, 16, 32, 64, 128}. Capture this in TS 36.321. 
In the related email discussion some companies proposed to use different definition for the time index, for example using radio frame or SFN-based indexing. However, this information alone does not remove the possibility for a collision, as UEs in different coverage enhancement levels may have exactly the same starting subframe (and radio frame), resulting in the same RA-RNTI.

Another proposal suggested using both some kind of extended time indexing and the repetition factor. This would avoid the collision of RA-RNTI for different CE levels. See Figure 1 for illustration where RA-RNTI might collide between UEs using the same CE level. 
We do not see that using an extended time index is required to separate PRACH transmissions for UEs in the same CE level. The PRACH and response window configuration should be such that the probability for overlapping MPDCCH reception during the RA response window is minimized. Note that per RAN2 agreement the RA response window covers both MPDCCH repetitions and the PDSCH repetitions, and the behaviour would be clearer if the window covered only MPDCCH. As the repetition factor can be dynamic, it can happen that UE cannot read PDSCH completely when there would not be coverage or detection issues, resulting in an unnecessary RA attempt failure. 
RA-RNTI collisions can be an issue if the RA response is very long, but as the window size is configured per CE level, so the probability for collision can be alleviated. Moreover the PRACH starting locations are distributed in time by configuring prach-StartingSubframe, which can be used to provide enough separation in time to avoid window overlapping. As the PRACH repetitions typically span multiple radio frames, it can be expected that the time to receive MPDCCH and decode RA-RNTI is shorter compared to the time it takes to transmit PRACH. 
Observation 2 From configuration and random access perspective, it would be better if RA response window would only cover the MPDCCH repetitions. 

Observation 3 Configuring the PRACH starting subframes and the RA response window length properly can minimize possible RA-RNTI collisions. 
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Figure 1. Illustration of possible RA-RNTI collision.
2.2 Random Access Preamble Transmission 
The latest endorsed TS 36.321 CR says:
	The random-access procedure shall be performed as follows:
-
if the most recent PRACH enhanced coverage level for the UE is the highest enhanced coverage level supported in the Serving Cell:

-
set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + P-Max;

-
else:

-
set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;
-
if the UE is a BL UE or a UE in enhanced coverage:

-
instruct the physical layer to transmit a preamble with the number of repetitions required for preamble transmission corresponding to the selected preamble group (i.e., numRepetitionPerPreambleAttempt) using the selected PRACH, corresponding RA-RNTI, preamble index, and PREAMBLE_RECEIVED_TARGET_POWER.

-
else:

-
instruct the physical layer to transmit a preamble using the selected PRACH, corresponding RA-RNTI, preamble index and PREAMBLE_RECEIVED_TARGET_POWER.
Editor’s note: It is FFS how the power ramping mechanism works.


The following agreement is from RAN1#83:

· On power ramping, clarify that the maximum transmission power is used on the highest (i.e. the 4th) PRACH CE level.

· Finalization of specification work on PRACH power ramping is assumed to be conducted by RAN2.

Note that the first bullet refers only to the 4th PRACH CE level where the PRACH transmission power is always set to the maximum transmission power. Power ramping should be used on all lower PRACH CE levels. If less than 4 PRACH CE levels are configured in the serving cell, power ramping is used on all configured PRACH CE levels.

Observation 4 Maximum transmission power is used in PRACH CE level 3, meaning the highest coverage level. For all other levels power ramping is used. 

Our interpretation of the intention with the RAN1 agreement is that the total PRACH energy over all repetitions in a PRACH attempt should increase with powerRampingStep dB between two subsequent PRACH attempts. In order to ensure that the energy is increased with powerRampingStep dB also between two subsequent PRACH attempts belonging to two different PRACH CE levels, the PRACH power needs to be scaled according to the number of PRACH repetitions in each PRACH attempt. In order to achieve this we suggest updating the power equation in TS 36.321 as follows:

-    set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep – 10*log10(numRepetitionPerPreambleAttempt);
As can be seen from the modified equation, this means that we continue to use PREAMBLE_TRANSMISSION_COUNTER (rather than PREAMBLE_TRANSMISSION_COUNTER_CE) in the equation. The PREAMBLE_TRANSMISSION_COUNTER_CE parameters will thus only be used to determine when it is time to move to the next PRACH CE level.
Proposal 2 PREAMBLE_TRANSMISSION_COUNTER is used to set PREAMBLE_RECEIVED_TARGET_POWER. 

Proposal 3 PREAMBLE_RECEIVED_TARGET_POWER is set to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep – 10*log10(numRepetitionPerPreambleAttempt). 

Setting the UE transmission power to the maximum transmission power has been captured in TS 36.213 for the highest CE level. Please see the highlighted text below from section 6.1 in TS 36.213 CR [4]:

	-    A preamble transmission power PPRACH is determined as 
PPRACH = min{[image: image2.png]Peyaxe @)



,  PREAMBLE_RECEIVED_TARGET_POWER + [image: image3.png]


 }_[dBm], where [image: image4.png]Peyaxe @)



 is the configured UE transmit power defined in [6] for subframe i of serving cell [image: image5.png]


 and [image: image6.png]


 is the downlink path loss estimate calculated in the UE for serving cell [image: image7.png]


. For a LC/CE UE, the UE transmission power is set to [image: image8.png]Peyaxe @)



for the highest PRACH coverage enhancement level .   



There is an ongoing discussion on the RAN1 reflector to update the TS 36.213 CR to refer to PRACH CE level 3. In case RAN1 manages to do so, there may be no need to capture anything in TS 36.321 considering that this is how legacy behaviour is described, i.e. UE transmission power cap is mentioned in TS 36.213 only. Otherwise, we may need to add a note in TS 36.321.
2.3 Random Access in Connected Mode 
A UE in connected mode can be configured with dedicated random access parameters, e.g. a dedicated preamble from the available contention-free preamble set and PRACH time/frequency resource set, for events such as handover or moving from out-of-sync to in-sync when time alignment timer expires. The UE behaviour should be described clearly in case UE’s CE level changes before random access is triggered in the serving or target cell when a dedicated configuration has been provided. In the related email discussion, two main options were provided: 

· Option 1: The dedicated random access related parameters can be provided per each CE level supported in the serving/target cell so that the UE can apply the suitable parameters with respect to its CE level based on the measured RSRP.

· Option 2: The UE uses the dedicated preamble provided by the network, but chooses the PRACH time/frequency set corresponding to its CE level based on the measured RSRP and the broadcasted information in the serving/target cell.
Moving from out-of-sync to in-sync in connected mode: If the network orders a random access in the serving cell using M-PDCCH when the UE is out-of-sync, providing a dedicated preamble would be enough considering that the UE retrieves the PRACH resource set once it has camped in the cell. Note that the network may release the UE to idle if it wants the UE to acquire updated SIB. The behaviour is similar in both options.

Handover: Option 1 requires RA related information per EC level supported in the cell, e.g. PRACH-Config and RACH-Config, to be provided to the UE prior to handover (via HO command). This will increase the size of handover command message and therefore maybe the delay (based on the number of repetitions required). In Option 2, this would require the UE to retrieve the necessary information after the handover command is sent. This may also increase the delay.

We prefer Option 1 assuming such information can be provided to the UE efficiently as part of the handover command.
Proposal 4 Random access related information per CE level supported in the cell is provided to the UE prior to handover, e.g. via HO command.

3 Conclusion

In this contribution we have discussed the remaining open issues of random access for BL UEs and UEs in enhanced coverage. In section 2 we made the following observations:

Observation 1
Using legacy RA-RNTI formulation results in RA-RNTI collisions between UEs starting PRACH transmissions in different radio frames.
Observation 2
From configuration and random access perspective, it would be better if RA response window would only cover the MPDCCH repetitions.
Observation 3
Configuring the PRACH starting subframes and the RA response window length properly can minimize possible RA-RNTI collisions.
Observation 4
Maximum transmission power is used in PRACH CE level 3, meaning the highest coverage level. For all other levels power ramping is used.


Based on the discussion in section 2 we propose the following:
Proposal 1
RA-RNTI is calculated as follows: RA-RNTI = 1 + t_id + k1 * f_id + k2 * r_id, where k1 = 10, k2 = 60, t_id and f_id are as before, r_id is the index 0 to 7 of the used PRACH repetition factor from set {1, 2, 4, 8, 16, 32, 64, 128}. Capture this in TS 36.321.
Proposal 2
PREAMBLE_TRANSMISSION_COUNTER is used to set PREAMBLE_RECEIVED_TARGET_POWER.
Proposal 3
PREAMBLE_RECEIVED_TARGET_POWER is set to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep – 10*log10(numRepetitionPerPreambleAttempt).
Proposal 4
Random access related information per CE level supported in the cell is provided to the UE prior to handover, e.g. via HO command.


4 References

[1] RP-150492, “Revised WI: Further LTE Physical Layer Enhancements for MTC”
[2] 3GPP TS 36.321, Medium Access Control (MAC) protocol specification.

[3] 3GPP TS 36.213, “Physical layer procedures”

[4] R1-157926, CR for TS 36.213

6/6


Preambles
Frequency
Time
radio frame
CE level 1
CE level 1
CE level 1
CE level 1
RA response window
RA response window
Possible RA-RNTI collision
PRACH repetitions



