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1 Introduction
In this paper, some remaining issues on random access procedures for eMTC are discussed.
2 Discussion
2.1 RA-RNTI calculation
Based on the discussion and agreements in the previous RAN1/RAN2 meetings for eMTC, the narrowband for UEs to monitor M-PDCCH can be configured per CELs and the repetition factor for M-PDCCH can be further indicated through DCI. So it can be agreed that logically, the search spaces for M-PDCCH for eMTC UEs in different CELs are different. Therefore, there is no need to consider the potential confusion for RA-RNTI for different coverage level, which means that the repetition factor in order to differentiate UEs in different coverage level is unnecessary for the RA-RNTI calculation and RA-RNTI calculation mainly focuses on UEs in the same coverage level.
Proposal 1: The repetition factor in order to differentiate UEs in different coverage level is unnecessary for the RA-RNTI calculation and RA-RNTI calculation mainly focuses on UEs in the same coverage level.
In the legacy LTE, RA-RNTI is calculated as follows:

RA-RNTI= 1 + t_id+10*f_id，
where t_id is the index of the first sub-frame of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that sub-frame, in ascending order of frequency domain (0≤ f_id< 6). f_id is only applicable to frame structure type 2 (TDD) where indices > 0 indicate that random access opportunities are additionally frequency multiplexed. 
For LTE Rel-13 eMTC, a set of PRACH resources (e.g. time, frequency and preamble), number of PRACH repetitions and number of maximum preamble transmission attempts per CEL (Coverage Extension Level) are defined and provided in SIB. Time/frequency resources and repetition factor for downlink channels carrying random access response messages are also defined. As the RAR or M-PDCCH time/frequency location and repetition factor is known based on the used PRACH preamble sequence, the extension of the RA response window is straightforward. And the value range of RA response window for eMTC has been extended from maximum sf10 to maximum sf400. According to [1], if RA response window length is extended to more than10 subframes, it is possible that two different UEs starting the PRACH preamble transmissions in separate radio frames, but on the same subframe number, will use the same RA-RNTI during the overlapping period of their RA response windows. This will lead to a UE searching for M-PDCCH using the same RA-RNTI, and reading DCI not meant for that UE, thus potentially leading to unnecessary decoding for M-PDCCH and also higher UE power consumption. 
We illustrate this additional unnecessary decoding for M-PDCCH issue caused by extended RA response window in the following Figure 1, where the example of PRACH configuration is given as follows:
	PRACH Configuration Index
	Preamble Format
	System frame number
	Subframe number

	25
	1
	Any
	1, 4, 7
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Figure 1: Preamble transmission and RAR reception example for eMTC UE 
(Repetition factor per preamble attempt per CEL = 4, RA response Window per CEL = sf80)
Figure 1 shows a preamble transmission and RAR reception example for eMTC UEs in a certain CEL. For the preamble repetition scenario, a new PRACH starting subframe parameter per CEL has been introduced into eMTC MAC specification. Based on the PRACH configuration, PRACH repetition factor and PRACH starting subframe information, etc., both UE and eNB can determine the available PRACH resource and the starting subframe index in each radio frame. 
Observation 1: Based on the PRACH configuration, PRACH repetition factor and PRACH starting subframe information, etc., the UE can know the available subframes/radio frame to transmit preamble and the eNB can also determine the starting subframe/radio frame positions for this UE’s preamble transmission even in  multiple-preamble-repetition scenario. 
As shown in Figure 1, assuming that UE1 starts to transmit preamble at sf1 of rf0, it can be known that other UEs may use the PRACH resources starting from sf4 of rf1 to transmit preamble. It’s possible for the UEs who transmit preamble during rf1 to rf8 to have overlap RA response windows with other UEs. Furthermore, some among these UEs may use the same subframe in a different radio frame than the one used by UE1, e.g. UEn starts to transmit preamble at sf1 of rf4. According to the legacy RA-RNTI calculation, UE1 and UEn (and some other UEs transmitting preambles during rf4 to rf8) detect M-PDCCH with DCI scrambled by the same RA-RNTI in an overlapping RA response window. This will cause additional unnecessary decoding for M-PDCCH with RAR.
Observation 2: Since the legacy RA-RNTI calculation only considers the subframe index, additional unnecessary decoding for M-PDCCH may appear when the RA response window is extended to more than one radio frame. 
Due to the extension of the RAR window size up to 400ms, the current formula for RA_RNTI needs to be updated. Otherwise it’s possible that different UEs starting PRACH preamble transmissions in different radio frames, but in the same subframe number, get identified by the same RA-RNTI during overlapping RAR windows. Therefore, new parameters besides t_id and f_id need to be considered for the RA-RNTI calculation. It is believed that the straightforward solution is to introduce in the RA-RNTI formula the index of the radio frame on which the UE starts transmitting the preamble. 
Proposal 2: The system frame index of the first radio frame of the specified PRACH should be considered in the RA-RNTI calculation.
However, directly using the radio frame index will cause a very large RA-RNTI value range. Since we only need to guarantee that the UEs whose RAR windows overlap have different RA-RNTIs, it might be sufficient to consider the SFN mod (RAR window size) value. 
A potential method to update RA-RNTI calculation formula would be as follows:
RA-RNTI=1+t_id+10*(SFN mod (W/10))+W*f_id
Where: 
t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10) within an attempt, 
f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6), 
SFN is the index of the first radio frame of the specified PRACH, 
W is RAR window size (in subframes). 
With a RAR window size of 400sf (W=400), the RA-RNTI space is then 1~2400. More specifically: for FDD systen, f_id=0, and the RA-RNTI space is 1~400. While for TDD system, f_id=0~5, and the RA-RNTI space is 1~2400. 
Proposal 3: an updated RA-RNTI calculation formula is defined as follows:
RA-RNTI=1+t_id+10*(SFN mod (W/10))+W*f_id
Where: 
t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10) within an attempt, 
f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6), 
SFN is the index of the first radio frame of the specified PRACH, 
W is RAR window size (in subframes). 
2.2 Random Access in Connected mode
There are 4 events which can trigger random access in connected mode, including: handover, DL data arrival with UL non-synchronised, UL data arrival with UL non-synchronised or without SR available, and positioning with timing advance requirement. 
For these 4 events, the random access can be performed as following:
1) Handover (both contention-based and contention-free)
2) DL data arrival with UL non-synchronised (both contention-based and contention-free)
3) UL data arrival with UL non-synchronised or without SR available (only contention-based)
4) positioning with timing advance requirement (only contention-free)
For eMTC, all these events are possible, which means that both contention-based and contention-free RACH should be supported. For contention-based RACH, UE behaviour should be similar as in idle mode. 
For contention-free RACH, one potential issue was identified in email disc92#44, mainly for configuration of dedicated PRACH resource considering that coverage level could be changed. There are several approaches to be considered besides the following option1/2 listed in email disc:
· 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.
· Option 3: The dedicated random access related parameters can be provided based on the latest CE level stored in eNB.
For option 1, dedicated preambles should be split among different CE levels, resulting in less efficient usage of dedicated preambles. In addition, for the handover case, there is also a signalling impact.
For option 3, in case of coverage level change, the dedicated PRACH resource derived from PRACH Mask Index might not be matched with current coverage level of UE.
For option 2, the dedicated preamble can be assigned from the reserved preamble for contention-free RACH and UE can select the appropriate PRACH time/frequency corresponding to its current coverage level, which might work better than option 1 and option 3.
In case of contention-free RACH failure, UE can follow contention-based RACH to proceed to the transmission of preamble by moving to higher coverage level.
Proposal 4: 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.
Proposal 5: UE follows contention-based RACH to proceed to the transmission of preamble by moving to higher coverage level in case of contention-free RACH failure.
2.3 Power ramping
In eMTC, two variables for preamble transmission counter relevant to preamble transmission were defined, one is global PREAMBLE_TRANSMISSION_COUNTER which can be used to count the total number of preamble transmission attempts considering that UE can move to higher coverage level, the other is PREAMBLE_TRANSMISSION_COUNTER_CE which is used to count the number of preamble transmission attempts in each coverage level.
For random access preamble transmission, UE can use preamble transmission counter for the calculation of the received target preamble power, i.e. in legacy LTE, PREAMBLE_RECEIVED_TARGET_POWER is set to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep; in email disc92#44, there was some discussion about which preamble transmission counter should be used, PREAMBLE_TRANSMISSION_COUNTER or PREAMBLE_TRANSMISSION_COUNTER_CE. This is relevant to the preamble power while UE moves to the higher CEL, if PREAMBLE_TRANSMISSION_COUNTER_CE is used, then UE can get lower initial preamble power for preamble transmission when UE moves to the higher CEL since PREAMBLE_TRANSMISSION_COUNTER_CE starts from 0 for a new CEL. It is expected that lower initial preamble power per CEL might cause higher probability for random access failure. Therefore, it looks reasonable to use global PREAMBLE_TRANSMISSION_COUNTER for power calculation to avoid lower inital power for preamble transmission while UE moves to the higher CEL.
Proposal 6: Global PREAMBLE_TRANSMISSION_COUNTER is used to achieve power ramping for the received target preamble power.
2.4 Contention resolution failure
There are two cases while contention resolution failure happens:
1) The UE Contention Resolution Identity included in the MAC control element of msg4 does not match the CCCH SDU transmitted in Msg3.
2) mac-ContentionResolutionTimer expires.
If the Contention Resolution is considered not successful and the maximum preamble transmission counter hasn’t been reached, with the current assumptios, the UE can proceed to the transmission of a Random Access Preamble by selecting the same group of Random Access Preambles as was used for the previous preamble transmission attempt and the transmission power will be based on the global preamble transmission counter.
However, considering the different reasons for failed contention resolution, it might be better to apply different procedures for different contention resolution failures, to achieve a more efficient resource usage and higher possibility for successful random access. 
For contention resolution failure case 1, which means that UE receives the msg4 intended for another UE, the reason might be mainly due to the near and far issue for different UEs. More PRACH repetitions for higher coverage level might not be helpful , compared to a higher transmission power (which can be achieved by increasing the global preamble transmission counter). Therefore, it is desirable to keep the UE in the same PRACH CEL  for further random access preamble transmission and just increase the power.
For contention resolution failure case 2, which means that UE doesn’t receive msg4 at the expected time, based on the assumption that contention resolution timer is configured per CEL, it looks helpful to move to a higher PRACH CEL, to get a longer contention resolution timer and a higher repetition number for higher probability for successful contention resolution.
Proposal 7: If the Contention Resolution is considered not successful because of mac-ContentionResolutionTimer expiry, the UE should move to the higher PRACH CE level to proceed to the transmission of preamble; otherwise, the UE should continue in the same PRACH CE level to proceed to the transmission of preamble.
3 Conclusion
Based on the analysis, we have the following proposals:
Proposal 1: The repetition factor in order to differentiate UEs in different coverage level is unnecessary for the RA-RNTI calculation and RA-RNTI calculation mainly focuses on UEs in the same coverage level.

Proposal 2: The system frame index of the first radio frame of the specified PRACH should be considered in the RA-RNTI calculation.
Proposal 3: an updated RA-RNTI calculation formula is defined as follows:
	RA-RNTI=1+t_id+10*(SFN mod (W/10))+W*f_id
Where: 
t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10) within an attempt, 
f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6), 
SFN is the index of the first radio frame of the specified PRACH, 
W is RAR window size (in subframes).


Proposal 4: 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.
Proposal 5: UE follows contention-based RACH to proceed to the transmission of preamble by moving to higher coverage level in case of contention-free RACH failure.
Proposal 6: Global PREAMBLE_TRANSMISSION_COUNTER is used to achieve power ramping for the received target preamble power.
Proposal 7: If the Contention Resolution is considered not successful because of mac-ContentionResolutionTimer expiry, the UE should move to the higher PRACH CE level to proceed to the transmission of preamble; otherwise, the UE should continue in the same PRACH CE level to proceed to the transmission of preamble.
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