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1 Introduction

In RAN#60, the “Low Cost & Enhanced Coverage MTC UE” WI was approved [1].  This contribution discusses some aspects of the RACH, namely preamble transmission, RAR, Message 3 and Message 4, in the RACH process.
2 Discussions
The RACH access consists of PRACH transmission followed by RACH message exchanges between eNB and UE.  The following will discuss each RACH process, preamble transmissions, RAR, Message 3 and Message 4.
2.1 Preamble transmission

2.1.1 PRACH resource selection

In previous RAN 1 meeting, the following is agreed for preamble transmission:

· 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. 
This means that the coverage enhanced UE may use the same time/frequency resource as the legacy UE. In this case, CDM is used and a different set of preamble signatures are required in order for the eNB to perform accumulation of the preamble of coverage enhanced UE. Hence a new parameter (i.e. another preamble group, other than preamble Group A and B)  for indicating the preamble signatures for UE operating in coverage enhanced mode needs to be introduced when the same time/frequency resource is shared between legacy UE and UE operating in coverage enhanced mode.
Proposal#1: A new parameter indicating the preamble signatures for UE operating in coverage enhanced mode needs to be introduced when the same time/frequency resource is shared between legacy UE and UE operating in coverage enhanced mode.
2.1.2 Power ramping and repetition level
In existing preamble transmission, 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, CE-MTC UE in the CE region is basically out of normal coverage, which technically means that the maximum transmission power from the CE-MTC UE cannot reach the eNB without any enhancement.  Furthermore, RAN 1 has also agreed on 3 PRACH repetition levels for CE-MTC 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 CE-MTC UE. Therefore, it is preferred that there is no power ramping for CE PRACH transmission.
Proposal#2: No power ramping is used for CE PRACH transmission.  CE-MTC 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-MTC 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-MTC 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-MTC UE has moved between two PRACH accesses, which might make the previous configured repetition level obsolete.  In the case that such a CE-MTC 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-MTC UE has moved to conditions requiring a higher repetition level, this would result in ramping of repetition level.  It is assumed that movement of CE-MTC 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-MTC UE would “forget” the configured repetition level in the previous access after a certain time lapse.  

Proposal 3: For initial access the CE-MTC UE uses a repetition level configured after the last successful PRACH access, if it was within a certain time window. Dedicated RRC signalling is provided to configure the PRACH repetition level to use for any subsequent PRACH (initial random access or random access in connected mode), and the duration of the time window.
For cases where the CE-MTC UE does not have info 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-MTC UE does not have a valid configured repetition level, 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 was agreed in RAN 1 that the UE will attempt the next repetition level. At the highest repetition level, it was proposed that the CE-MTC UE can try several attempts.  Failure to obtain a valid RAR response can be due to poor SNR or collision.  At the highest repetition level, it is more likely that the failure is due to collision than poor SNR condition unless the CE-MTC UE is beyond the 15 dB coverage extension targeted by the eNB.  Hence, it is reasonable to perform several attempts at the highest repetition level.  

Proposal#5: The CE-MTC UE can perform several PRACH attempts at the highest repetition level.  The maximum number of PRACH attempts is FFS.
If the CE-MTC 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. The reason for continuing with the RACH procedure is that it may still be useful to ramp up even after the maximum number of preamble transmissions if the maximum UE transmission power hasn’t been reached. For coverage enhancement case, if Proposal#5 is agreed (i.e. several attempt at the highest repetition level), it is quite unlikely that continue attempt will result in successful RACH access. Hence it is proposed that UE stops attempting at the highest PRACH repetition level and report to the higher layer (RRC).
Proposal#6: If the CE-MTC 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.
In RAN1#75 it was agreed that if UE does not receive a RAR after 1 attempt, it moves to next highest level; 
2.2 RAR
In existing RA procedure, the RAR transmission would consist of PDCCH scrambled by RA-RNTI containing the RAR scheduling info and PDSCH carrying the RAR message.  The RA-RNTI is a function of the index to the 1st subframe and the index to the frequency used by the PRACH.  Since it is possible that two preambles can use the same 1st subframe, the same RA-RNTI would be allocated for both preambles.  Here the RAR indicates the preamble that it is responding to.  However, for the CE mode, it is possible for a CE-MTC UE of a lower repetition level to incorrectly decode the PDCCH for another CE-MTC UE of a higher repetition level as shown in Figure 2.  Here CE-MTC UE1 using a repetition level 1 may read the PDCCH for CE-MTC UE2 which is at repetition level 2.  The CE-MTC UE1 would fail to decode CE-MTC UE2’s RAR message (since the repetition for RAR does not start after the end of the repetition level 1 PDCCH) and thereby misses its own RAR message.  This can be avoided if:

1) Preamble of different repetition level starts at different subframe.  This would impose restriction to the eNB resource scheduling for PRACH

2) In addition to the index to the 1st subframe and frequency used by the PRACH, the RA-RNTI is also a function of the repetition level.

We have a preference to go for the 2nd option since it allows the eNB flexibility in scheduling the PRACH.

Proposal#7: In addition to the index to the 1st subframe and frequency used by the PRACH, the RA-RNTI is also a function of the repetition level.
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Figure 2: RA-RNTI overlap

If RAR contains Backoff Indicator subheader, the CE UE should store the Backoff Indicator value as before and perform the random backoff if no RAR is received during the RA response window or the expected time/frequency resources for the RAR.
Proposal#8: No change to the existing backoff mechanism used in the existing RA procedure.
A configurable RA reponse window (2 to 10 subframes) is defined in the existing RA procedure where the eNB can spread the load of the RAR over several subframes.  In order to implement this for coverage enhancement, the RAR window needs to be large enough for severalsets of PDCCH and PDSCH repetitions and UE has to monitor each set to see whether their preamble identifier appears in the RAR. There is a need to analyse whether such load distribution is useful in the case of coverage enhancement as such mechanism uses additional system resources.  The need for RAR window would need further discussion. 
Proposal#9: Discuss whether RAR window is required for CE mode operation.
2.3 Contention Resolution
Once Message 3 is sent, the UE starts MAC contention resolution timer and restarts it at every HARQ retransmission. This behaviour should not change. The only thing that may change is the range of MAC contention resolution timer since Message 3 requires repetitions on PDCCH and PUSCH and the repetitions of PDCCH for Message 4. Currently the maximum value is SF64. Depending on the duration of the repetitions, the value may need to be extended. But this will need to wait for RAN 1 to finalise the maximum repetition for PDCCH and PUSCH for Message 3. 

Observation: MAC contention resolution timer may need to be extended. Wait for RAN 1 to finalise the repetitions of the PDCCH and Message 3.
3 Conclusion

In this contribution we discuss some considerations for the RAR, Message 3 and Message 4.  We propose the following:

Proposal#1: A new parameter indicating the preamble signatures for UE operating in coverage enhanced mode needs to be introduced when the same time/frequency resource is shared between legacy UE and UE operating in coverage enhanced mode.
Proposal#2: No power ramping is used for CE PRACH transmission.  CE-MTC UE will always use the maximum transmission power for each PRACH repetition.

Proposal 3: For initial access the CE-MTC UE uses a repetition level configured after the last successful PRACH access, if it was within a certain time window. Dedicated RRC signalling is provided to configure the PRACH repetition level to use for any subsequent PRACH (initial random access or random access in connected mode), and the duration of the time window.
Proposal#4: For cases where the CE-MTC UE does not have a valid configured repetition level, 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: The CE-MTC UE can perform several PRACH attempts at the highest repetition level.  The maximum number of PRACH attempt is FFS.
Proposal#6: If the CE-MTC 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) .

Proposal#7: In addition to the index to the 1st subframe and frequency used by the PRACH, the RA-RNTI is also a function of the repetition level.

Proposal#8: No change to the existing backoff mechanism used in the existing RA procedure.

Proposal#9: Discuss whether RAR window is required for CE mode operation.

Observation: MAC contention resolution timer may need to be extended. Wait for RAN 1 to finalise the repetitions of the PDCCH and Message 3.
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