
3GPP TSG-RAN WG2 Meeting #90 
R2-152329
Fukuoka, Japan, 25 – 29 May 2015
Agenda Item:
7.4.4
Source: 
ASUSTeK

Title:  
Consideration on random access for further MTC enhancement
Document for:
Discussion and Decision
1. Introduction

RAN1 made agreements [2, 3, 4] on preamble transmission for coverage enhancement as below:
· 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

· 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”) 

· eNB-configurable number of levels (1, 2, 3) up to specified max level.

· 1 attempt = configured number of repetitions.
· 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 

· 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  

· 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
Based on these agreements and legacy random access procedure, we summarize the random access procedure with a flowchart and provides viewpoints on conditions for switching PRACH repetition level and BI (Back-off Indicator) configuration for UEs operating enhanced coverage mode.
2. Discussion
Considering legacy random access procedure and achieved agreements, a flowchart to contention-based random access procedure for Rel-13 MTC UE in enhanced coverage mode is shown as Figure 1. In general, three steps together with some condition checks are conducted:

Step A: Preamble sequence partitioning, preamble selection, initial PRACH repetition level selection, and PRACH resource partition are still under discussion among RAN1 and RAN2. Anyway, UE will perform preamble transmission with repetitions on selected PRACH resource according to its coverage enhancement level.

Step B: No matter control-less RAR or scheduled RAR is adopted, UE will try to receive RAR in predefined time/frequency resource or RA window. If there is no RAR found or received RAR does not include ID of selected preamble, UE will check whether it can perform preamble transmission or not. If the received RAR includes ID of selected preamble, it will exercise the contention resolution as Step C.
Step C: The contention resolution should follow the legacy behaviour, i.e. based on either C-RNTI on PDCCH of the PCell or UE Contention resolution Identity on DL-SCH. The contention resolution is considered successful if received Msg4 matches Msg3 as detailed in [5]. 
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Figure 1 Random access procedure for Rel-13 MTC UE in enhanced coverage mode
In legacy random access, if random access fails, a UE will perform preamble transmission again. Reporting random access problem to upper layer depends on whether preamble transmission counter reaches maximum value or not. In addition to these, for enhanced coverage mode, it needs to consider PRACH repetition level as well, which we will address it in following sections. 

2.1 Repetition level handling
Based on Figure 1, some behaviours specific to MTC enhanced coverage mode are:
1. If no RAR is received for a preamble attempt and allowed number of attempts is not reached, keep trying preamble attempt at current repetition level.

2. If no RAR is received after allowed number of attempts, move to next higher repetition level if current repetition level is not the highest repetition level.

3. If contention resolution is not successful, continue preamble attempt at current repetition level until it reaches the allowed number of attempts for this level.
There is unclearly defined behaviour, which is shown as question mark, need to be discussed. If a UE ever received a RAR after allowed number of attempts at current repetition level and current repetition level is not the highest repetition level, shall the UE move to next higher repetition level or report to upper layer? Actually, we can further divide this case into two subcases: one is that the RAR does not include the ID of selected preamble, say RAPID, and the other is that the RAR includes the RAPID.
For the first subcase, let’s check a scenario in Figure 2, there exists measurement error which makes UE1 determine its coverage enhancement level as level 2 and its location is at the boundary between level 2 and level 3. If UE1 and UE2 send preambles corresponding to same RA-RNTI, eNB may recognize preamble sent from UE2 and fails to decode preamble sent from UE1. The eNB sends a RAR in responding to preamble selected by UE2. The RAR is sent intended for UEs in coverage enhancement level 2; therefore, UE1 may decode the RAR successfully but fail to match the RAPID. Thereafter, UE1 may continue preamble attempts and fail to receive RAR. Therefore, it is reasonable/expected to move to next higher repetition level for this kind of scenario to achieve coverage enhancement. For the second subcase, we had no preference on moving to next higher repetition level or reporting to upper layer but would like to make it to be clearly defined.
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Figure 2 Coverage enhancement determination
Currently, the reached agreements don’t clearly specify the behaviour of above 2 subcases. Based on our above analysis, two proposals are given as:
Proposal 1a: Confirm the behaviour: If a UE ever received a RAR, which doesn’t include its RAPID, after allowed number of attempts at current repetition level and current repetition level is not the highest repetition level, it moves to the next higher repetition level.
Proposal 1b: Specify the behaviour: If a UE ever received a RAR but failed contention resolution after allowed number of attempts at current repetition level and current repetition level is not the highest repetition level, specify whether to move to the next higher repetition level or report to upper layer.
2.2 Back-off Indicator
For PRACH resource, eNB uses BI to reflect the congestion status to preamble transmission, i.e. if eNB estimates that more collisions occur based on utilization of preamble sequences and/or accumulated energy over PRACH resource, it will configure a larger BI; on the other hand, no BI will probably be provided if collision is not detected. According to the agreement “There is one to one mapping between PRACH repetition level and PRACH resource set”, and a UE belongs to only one PRACH repetition level in a time when operating enhanced coverage mode. Therefore, PRACH resource sets belong to different repetition levels are probably with different collision ratios since they are accessed by different set of UEs in a time. Consequently, one BI, as in legacy random access, can’t reflect congestion status among several PRACH resource sets.
Two options can be considered to deal with back-off time issue. One is to provide UE with a single BI and UE may use it to accommodate different PRACH repetition levels, e.g. extent BI by multiplying the BI with the scaling factor to associated repetition level. The other one is to provide UE with different BIs corresponding to different PRACH repetition levels within RAR and UE adopts BI corresponding to its PRACH repetition level.
For the first option, scaling factor is a kind of semi-static parameter and can’t reflect the congestion status in time. If a single BI is applied to accommodate different repetition levels, it may result in more collisions and waste power if longer BI should be applied at that repetition level or  it may lead to longer latency and waste PRACH resource if congestion is rare at that repetition level since the scaled BI does not reflect the congestion status to the operating repetition level. Regarding to the second option, repetition level specific BI helps to balance the PRACH resource utilization, avoid power wastage, and maintain the latency of preamble transmission. In a sense, it is beneficial for the eNB to assign BI by PRACH repetition level.
Proposal 2: The configuration of BIs can be separate per coverage level.
3. Conclusion

This contribution provides considerations on random access procedure for Rel-13 low complexity UEs and UEs operating coverage enhancement. Two proposals are as below:
Proposal 1a: Confirm the behaviour: If a UE ever received a RAR, which doesn’t include its RAPID, after allowed number of attempts at current repetition level and current repetition level is not the highest repetition level, it moves to the next higher repetition level.
Proposal 1b: Specify the behaviour: If a UE ever received a RAR but failed contention resolution after allowed number of attempts at current repetition level and current repetition level is not the highest repetition level, specify whether to move to the next higher repetition level or report to upper layer.
Proposal 2: The configuration of BIs can be separate per coverage level.
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