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1.	Introduction
In this contribution, we discuss how to calculate the RA-RNTI in order to avoid RA-RNTI collision within the increased RAR window. 
2.	RA-RNTI collision due to increased RAR window
RA-RNTI is used for RAR reception, while successful RAR reception is determined by further checking RAP ID included in RAR. After RAR reception, the UE performs Msg3 transmission by using the UL grant received in RAR only when RAR reception is successful. Therefore, use of the same RA-RNTI within the overlapping RAR window does not always mean that Msg3 transmission is collided. In this sense, in RA, what is important is to design RA in a way that collision of Msg3 transmission is minized. 
According to the current RA-RNTI calculation (0≤ RA-RNTI <60) and RAR window size (maximum sf10), collision of Msg3 transmission can be observed as follows:
· Collision of Msg3 if
case 1. different UEs transmit the same RAP on the same PRACH resource, i.e., the same t_id and f_id, within the same radio frame
· No collision of Msg3 if
case 2. differnet UEs transmit different RAPs on the same PRACH resource within the same radio frame
case 3. differnet UEs transmit the same RAP on the different PRACH resources within the same radio frame
case 4. differnet UEs transmit the same RAP on the same PRACH resource in different radio frames
case 5. differnet UEs transmit different RAPs on different PRACH resources within the same radio frame
case 6. differnet UEs transmit different RAPs on the same PRACH resources in different radio frame
case 7. differnet UEs transmit the same RAP on the differnet PRACH resources in different radio frames
case 8. differnet UEs transmit different RAPs on different PRACH resources in different radio frames

Observation 1. In the legacy, the collision of Msg3 occurs only when different UEs transmit the same RAP on the same PRACH resource, i.e., the same t_id and f_id, within the same radio frame (case 1)

For eMTC, RAN2 decided to extend the RAR window size up to sf400. Then, with the current RA-RNTI, there would be a case that the same RA-RNTI is used for the UEs who transmitted the same RAP on the same PRACH resource even in different radio frames (case 4), accordingly, lead to collision of Msg3 transmission even in case 4 (see Figure 1.) 
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Figure 1. Msg3 collision between UEs due to increased RAR window size, i.e., in case 4

This would increase the collision probability of Msg3 transmission. Considering the increased RAR window size, the collision probability may largely increase. Therefore, we need to resolve the collision of Msg3 due to the increased RAR window size. 
Observation 2. In eMTC, due to increased RAR window size, the collision of Msg3 additionally occurs when different UEs transmit the same RAP on the same PRACH resource in different radio frames (case 4)

3.	Extension of RA-RNTI
Collision of Msg3 with increased RAR window size stems from that the current RA-RNTI does not differentiate the radio frames. Therefore, it is necessary/logical to use the radio frame number in RA-RNTI calculation. Using the radio frame number in RA-RNTI calculation, different UEs transmitting the same RAP on the same PRACH resource but in different radio frames can be distinguished by different RA-RNTI. 
Considering the increased RAR window size up to sf400, i.e., 40 radio frames, the required number of RA-RNTI values should be at least 400 x 6 = 2400 for TDD and 400 for FDD. Thus, one possible RA-RNTI calculation would be that RA-RNTI=1+t_id+10*f_id+60*mod(r_id, 40), where r_id is the index of the first radio frame of the specified PRACH (0≤ s_id <4096).
Proposal 1. For eMTC, in order to avoid collision of Msg3 transmission due to increased RAR window size, the radio frame number is used in RA-RNTI calculation.
Note that with Proposal 1, in case 4, different UEs can use different RA-RNTIs regardless of the UE’s CE level.

In the e-mail discussion [92#44], it was proposed to use CE level in RA-RNTI calculation while not using the radio frame number. Using CE level in RA-RNTI calculation without the radio frame number, collision of Msg3 transmission can be avoided if:
· the UEs operating in different CE levels transmit the same RAP on the same PRACH resource within the same radio frame, i.e., case 1.
· the UEs operating in different CE levels transmit the same RAP on the same PRACH resource in different radio frames, i.e., case 4.
However, using CE level in RA-RNTI calculation without the radio frame number, collision of Msg3 transmission cannot be avoided if,
· the UEs operating in the same CE level transmit the same RAP on the same PRACH resource within the same radio frame, i.e., case 1.
· the UE operating in the same CE level transmit the same RAP on the same PRACH resource in different radio frames, i.e., case 4.
Observation 3. With the increased RAR window, calculating RA-RNTI by using CE level without the radio frame number cannot completely prevent RA-RNTI collision and collision of Msg3.

As seen in the observation 3, collision is avoided only between the UEs operating in different CE levels but collision still occurs between the UEs operating in the same CE level. Thus, using CE level doesn’t resolve the original intention of distinguishing the RA-RNTIs within the increased RAR window. 
Moreover, it is agreed/confirmed that PRACH resource and RAR reception region can be configured per CE level. Then, basically, UEs operating in different CE levels can be distinguished by allocating different PRACH resource or RAR reception region per different CE level. Then, there would be no collision between the UEs in different CE levels. Therefore, it is questionable why we need more mechnisms to distinguish UEs in different CE levels. 
In addition, it would be good to note that collision of Msg3 due to use of the same RA-RNTI has already occurred in the legacy even between the UEs experiencing different radio qualities. Then, we can hardly find a reason/motivation to specially handle collision of Msg3 between the UEs in different CE levels in eMTC. Therefore, we propose that:
Proposal 2. For eMTC, CE level is not used for RA-RNTI calculation.

However, if RAN2 considers that collision of Msg3 should be avoided at least between the UEs operating in different CE levels in case 1 for some reason, then we may consider using CE level in RA-RNTI calculation on top of using the radio frame number. 
Given that the RAR window size is increased up to sf400 and total eight number of repetition factors is possible, the required number of RA-RNTI values should be at least 400 x 8 x 6 = 19,200 for TDD and 400 x 8 = 3,200 for FDD. In this sense, one possible RA-RNTI calculation would be that RA-RNTI=1+t_id+10*f_id+60*mod(r_id, 40)+2400*c_id, where c_id is the index of the repetition number (0≤ c_id <8).
Proposal 3. If collision of Msg3 transmission should be avoided in case 1 for the UEs operating in different CE levels, CE level or the repetition number can be considered on top of the radio frame number for RA-RNTI calculation.


4.	Conclusion
In this contribution, we discussed update of RA-RNTI for eMTC. We observed that 
Observation 1. In the legacy, the collision of Msg3 occurs only when different UEs transmit the same RAP on the same PRACH resource, i.e., the same t_id and f_id, within the same radio frame (case 1).
Observation 2. In eMTC, due to increased RAR window size, the collision of Msg3 additionally occurs when different UEs transmit the same RAP on the same PRACH resource in different radio frames (case 4).
Observation 3. With the increased RAR window, calculating RA-RNTI by using CE level without the radio frame number cannot completely prevent RA-RNTI collision and collision of Msg3.
Based on the observation, we propose:
Proposal 1. For eMTC, in order to avoid collision of Msg3 transmission due to increased RAR window size, the radio frame number is used in RA-RNTI calculation.
Proposal 2. For eMTC, CE level is not used for RA-RNTI calculation.
Proposal 3. If collision of Msg3 transmission should be avoided in case 1 for the UEs operating in different CE levels, CE level or the repetition number can be considered on top of the radio frame number for RA-RNTI calculation.
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